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LETTER  OF  TRANSMITTAL. 


Dbpabtment  of  thb  Intebiob, 
United  States  OEOLoaioAL  Subyet, 
Division  of  Mesozoio  Invebtebbates, 

Washington,  D.  (7.,  November  21, 1890. 

Sir  :  I  herewith  transmit  manascript  and  drawings  for  a  bulletin  of 
the  Survey.  A  noteworthy  feature  of  this  brief  memoir  is  the  an- 
nouncement of  the  commingling  in  one  and  the  same  stratum  of  fossil 
forms  such  as  usually  have  been  regarded  as  characteristic  of  Meso- 
zoio. strata  with  those  which  have  been  regarded  as  equally  character- 
istic of  Paleozoic  strata. 

The  facts  herein  recorded  indicate  that  extreme  caution  ought  to  be 
nsed  in  assigning  certain  formations  to  a  predetermined  geological  hori- 
zon, especially  those  which  lie  upon  the  confines  of  recognized  systems. 
They  also  suggest  that  some  re\ision  of  former  conclusions  as  to  the 
true  geological  age  of  certain  North  American  formations  may  be  neces- 
sary. 

Very  respectfully, 

O.  A.  White, 
Oeologist  in  charge. 
Hon.  J.  W.  Powell, 

Director. 
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SYNOPSIS  OF  RESULTS. 


Id  this  bnlletin  is  presented  a  summary  of  the  varions  kinds  of  evi- 
dence  that  properly  may  be  accepted  as  indicating  the  Permian  age  of 
a  certain  series  of  strata  in  western  Texas,  which  have  been  by  some 
geologists  referred  to  the  Trias,  and  by  others  to  the  Permian. 

It  also  contains  an  annonncoment  of  the  discovery  in  those  strata  of 
certain  types  of  invertebrate  fossils  which  usually  are  regarded  as  in- 
dicative of  their  Mesozoic  age,  commingled  with  a  considerable  cam- 
ber of  Carboniferous  types.  A  large  proportion  of  the  latter  forms  are 
well  known  Goal-Measure  species. 

All  these  species  are  illustrated  on  accompanying  [>lates,  and  some 
of  them  are  described  ns  new.  This  discover^"  is  the  first  of  the  kind 
that  has  been  published  concerning  North  American  strata,  but  it  is 
similar  in  character  to  those  made  by  Waageu  in  India,  Oemmellaro  in 
Sicily,  and  Karpinsky  in  Russia. 

The  paleontological  balance  which  is  indicated  by  this  commingling 
of  earlier  and  later  types  in  the  Texan  strata  is  treated  as  an  item  of 
evidence  in  favor  of  their  Permian  age. 

The  closing  portion  of  the  bulletin  is  devoted  to  a  general  discussion 
of  the  subject  of  the  existence  of  the  Permian  in  North  America. 


•  • 


THE  TEXAN  PERMIAN  AND  ITS  MESOZOIO  TtP)^  OP 

FOSSILS. 


-' .     » 


»  » 


By  Ohables  A.  White. 


INTRODUCTION. 

In  the  aatamn  of  1887,  Mr.  W.  F.  Cummins,  Assistant  State  Geolo- 
gist of  Texas,  placed  in  my  hands  a  small  suite  of  fossil  shells  which  he 
bad  collected  in  Baylor  and  Archer  Counties,  in  uorthern  Texas,  from 
the  strata  which  furnished  the  large  Permiaa  vertebrate  fauna  that  has 
been  published  by  Prof.  E.  D.  Cope.^  A  part  of  these  shells  I  recog- 
nized as  belonging  to  well  known  Coal  Measure^  species;  but  among 
them  were  some  unpublished  forms  which  belong  to  types  that  strongly 
Bnggest  their  Mesozoic  age.  Mr.  Cummins  nevertheless  assured  me 
that  they  all  came  from  the  strata  just  mentioned,  and  that  all  the 
Mesozoic  forms  were  found  commingled  in  one  and  the  same  stratum 
wfth  the  greater  part  of  the  Coal- Measure  species  referred  to.  Altliough 
I  had  no  reason  to  doubt  either  Mr.  Cummins's  statement  or  the  accu- 
racy of  his  observation,  I  was  gratified  upon  beginning  their  study  to 
find  among  the  fossils  themselves  satisfactory  evidence  that  they  were 
really  commingled  in  one  and  the  same  stratum.  That  is,  upon  exam- 
ining the  specimens  under  a  lens  I  found  the  stony  matrix  of  all  of 
them  to  be  of  the  same  character,  and  I  also  discovered  in  the  material 
adhering  to  them  and  filling  their  cavities  numerous  shells  of  a  small 
ostraooid  crustacean,  which  in  this  bulletin  is  referred  to  the  Cythere 
nebr€t8censis  of  Geinitz,  and  which  evidently  formed  a  part  of  the  same 
fauna  as  the  moUusca  with  whose  shells  they  were  found  associated. 

The  world  has  become  familiar  with  Prof.  W.  Waagen's  great  dis- 
covery in  the  strata  of  the  Salt  Eange  in  India  of  numerous  molluscan 
forms  of  Mesozoic  type  commingled  with  a  characteristic  Carboniferous 
fiauua;^  and  about  two  years  ago  Prof.  G.  G.  Gemmellaro  published 

*S6e  SystemAtio  Catalojjraeof  the  Permian  Vertebrate  Fauna  of  North  America.  Trans.  Am.  Philon. 
8oc.  1888.  voL  10,  pp.  285>288. 

'The  term  Coal  Measures  is  now  often  applied  to  the  Mesozoic  coaUboaring  strata  of  wostoru  North 
AmerioA,  bat  it  is  the  middle  division  of  the  Carboniferous  system  that  is  hero  referred  to. 

■See  Mem.  GeoL  Sott.,  India;  Paleont.  Indioa,  ser.  XIII,  Salt  Range  FussiLt. 
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results  of  a  similar  discovery  in.JSi^ily,  which  evidently  rivals  that  of 
India.^  •.  **•   '•* 

The  small  collection  of  fot^ils' which  was  obtained  by  Mr.  Oummins 
seemed  to  indicate  that'\E^*iiave  in  the  upper  part  of  the  Carboniferous 
system  in  North  Aiperica  a  commingling  of  Mesozoic  and  Paleozoic 
forms  similar  tO*tliifr  which  has  been  discovered  in  India  and  in  Sicily. 
The  importance*  Of  such  a  discovery  on  this  continent  was  so  obvious 
that  I.d^d(dd  to  visit  the  locality  from  which  the  fossils  were  obtained 
and'.tScr  W&ke  observations  in  person  before  publishing  the  discovery. 
.*.  Tllerefore,  in  the  autumn  of  1888,  in  company  with  Mr.  Gummins,  I  ex- 
.*:  *-\tfhined  a  considerable  part  of  the  region  in  which  the  formation  occurs 
*•     and  made  important  additions  to  the  fossil  collections  which  were  be- 
fore obtained.    The  principal  results  of  that  examination,  together 
with  other  relevant  matter,  are  recorded  in  this  bulletin.* 

The  formation  from  which  these  Texan  fossils  were  collected  is  the 
one  which,  upon  the  geological  map  compiled  from  previously  pub- 
lished works  by  Mr.  W^  J^  McGee,^  as  well  as  the  one  by  Prof.  0.  H. 
Hitchcock,^  is  represented  as  Triassic;  but,  so  far  as  I  am  aware,  it  has 
never  been  claimed  by  those  who  have  so  referred  it  that  any  Triassic 
fossils  have  been  found  in  it.  It  is  also  the  same  formation  that  has 
for  a  number  of  years  been  referred  to  the  Permian  by  Prof.  Cope,  who 
claims  that  its  vertebrate  fauna  fully  warrants  such  a  reference. 
Although  composed  of  ordinary  sedimentary  strata  it  is  a  copper-bear- 
iug  formation,  certain  layers  of  it  having  long  been  known  to  contain 
considerable  quantities  oi  copper  ore  in  the  form  of  nodules  and  small 
xyloid  masses.  The  former  are  composed  of  chalcocite,  coated  with  a 
film  of  malachite,  and  the  latter  of  melaconite,  combined  with  which  is 
some  chloride  of  copper.^ 

A  large  part  of  the  vertebrate  fossils  which  Prof.  Cope  has  published 

^See  Giomale  dl  Sd.  Nat.  ed  Eoonom.,  vol.  19, 1888.  Lft  Fftana  del  Calcari  con  Fusulina  della  Valle 
del  Finine  Soaio  nolla  ProviooU  dl  Palermo  x  per  Oaetano  Giorgio  Gemmollaro ;  pp.  2-100,  Tar.  A 
and  I-X.  After  the  manuscript  of  this  bulletin  had  ^one  to  the  printer  I  reoeiyed  two  impoitaot  pnb- 
lioatious  of  a  oharAoter  similar  to  that  of  those  which  have  Ju^t  been  referred  to,  The  first  is  by  Mr. 
A.  Eaipinsky,  ooncemlnjE  certain  Carboniferous  strata  In  Russia.  See  Ueber  die  Ammoneeu  der 
ArtinskHtafe,  etc.,  M6m.  I'Aoad.  Imp.  Sol.  de  St  P^tersbourg,  VII*  serie,  tome  37,  No.  2.  The  other 
is  the  second  publication  of  Prof.  G.  G.  Gemmellnro  concerning  the  fauna  of  the  Fnsnlina  limestone 
of  Sicily.  See  I  Crostdcei  dei  calcari  oon  Fnsulina  della  valle  del  flume  Soslo,  vuL  8,  series  3,  No.  1, 
Mem.  Soc.  Itallana  delle  Scienze. 

*Soon  after  this  Texan  dlsoorery  was  made  I  published  an  article  ooncomluj;  it,  with  deftoriptions  of 
some  of  its  fosHilH,  in  the  American  Naturalist,  vol.  23,  pp.  109-128.  Professor  Gemmellaro*8  work 
had  not  then  reachiul  me,  which  accounts  for  the  fact  that  it  was  not  noticed  in  that  article. 

*  See  Fifth  Annual  Report  Director  XJ,  8.  Geolo^rical  Survey. 

<See  Geol.  Map  U.  S.  and  part  of  Canada;  compiled  by  C.  H.  Hitclicook  for  the  Amer.  Insl  Mining 
Engineers.  1886. 

*  Those  qualitative  determinations  were  made  by  Mr.  W.  S.  Yeates,  of  the  U.  S.  National  Museum. 
The  ores  are  found  in  Archer,  and  several  other  oontifpious  counties  of  Texas,  and  ocour  In  fHablo 
sandy  and  <'.Iayey  layers  among  strata  which,  unlike  the  Kupfersohiefer  of  Germany,  contain  very 
little  carbonaceous  matter.  Tb«\v  are  not  found  in  either  true  or  gash  veins,  but  the  small  masses  of 
nearly  pure  ore  are  sporadically  distributed  in  the  soft,  unaltered  sedimentary  layers  of  that  part  of 
the  Texan  Permian  which  is  rt«presented  by  No.  4  of  the  descriptive  section,  on  page  15.  Some  years 
ago  two  companies  were  formed  to  mine  these  ores,  but  both  of  them  soon  suspended  operatioiu  bo- 
cause  they  were  nnprofitablow 
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from  this  formation  wore  collected  by  Mr.  CammiDS  who,  in  making 
those  collections  and  in  other  ways,  has  gaiueil  much  information  as  to 
its  character  and  extent  in  Texas  and  the  Indian  Territory.  As  my 
own  observations  have  extended  over  only  a  part  of  the  area  which  the 
formation  is  known  to  occupy  in  Texas,  the  following  statements  con- 
cerning its  boundaries  and  extent  are  based  mainly  upon  information 
derived  from  him. 

In  Texas  this  formation  occupies  an  area  many  hundred  square  miles 
in  extent,  which  constitutes  the  western  part  of  the  southern  extension 
of  the  great  central  Paleozoic  region  of  the  continent.  The  southern 
boundary  of  this  area  is  not  now  definitely  known,  but  it  lies  at  least 
as  far  south  as  the  Concho  Biver.  Its  eastern  boundary  may  be  ap- 
proximately designated  as  extending  from  Red  Biver  to  the  Colorado 
through  Clay,  Young,  Shackelford,  Callahan  and  Bunnels  Counties ; 
and  its  western  border  as  extending  from  the  Canadian  Biver  to  the 
Concho  through  Hemphill,  Wlieeler,  Donley,  Briscoe,  Motley,  Dickens, 
Oarza,  Borden  and  Howard  Counties.  The  formation  is  known  to  ex- 
tend far  within  the  Indian  Territory,  but  in  this  bulletin  special  refer- 
ence is  made  only  to  that  portion  of  it  which  is  found  in  Texas;  and 
the  description  which  is  herein  given  is  mainly  drawn  from  observa- 
tions made  in  Baylor,  Archer,  and  other  contiguous  counties. 

The  strata  in  question  rest  directly  and  conformably  upon  another 
series  in  which  a  characteristic  fauna  of  the  Coal-Measure  period  pre- 
vails, but  this  Coal-Measure  fauna  is  now  not  known  to  include  any  fos- 
sils of  Mesozoic  types,  if  we  except  the  Ammo niteH  par keri  of  Ileilprin, 
which  he  states  was  obtained  from  the  Carboniferous  rocks  in  Wise 
County.' 

Notwithstanding  the  Mesozoic  character  of  a  part  of  the  mollnscan 
fauna  of  the  upper  strata  the  preponderance  of  evidence  makes  it  nec- 
essary to  regard  it  as  belonging  to  the  great  Carboniferous  system  and 
as  constituting  an  upper  member  of  it.  For  these  and  other  reasons 
yet  to  be  stated  I  think  this  Texan  formation  may  properly  receive 
the  designation  of  Permian  which  Prof.  Cope  has  already  applied 
to  it,  but  I  shall  briefly  discuss  in  the  following  paragraphs  the  propriety 
of  using  that  name  tor  at  least  the  greater  part  of  the  North  American 
strata  to  which  it  has  been  applied. 

The  Texan  Permian,  while  not  contrasting  strongly  with  the  Coal- 
Measure  formation  which  underlies  it,  is  readily  distinguishable  froui 
it  by  general  aspect  and  lithological  character;  and  yet  the  rerniian 
strata  blend  so  gradually  with  those  of  the  underlying  Coal  Measures 
and  with  the  overlying  gypsum- bearing  beds,  which  are  presently  to 
be  noticed,  that  it  is  difficult  to  designate  a  plane  of  demarkation  in 
either  case. 

The  Permian  strata  consist  of  materials'  which  are  somewhat  difficult 
to  characterize,  but  in  a  general  way  they  may  be  described  as  consist- 

>8ee  Proo.  Acad.  Nat.  ScL  Philud.  18i».  vol.  30,  pp.  53-55. 
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iDg  mainly  of  sandstones  and  sandy  and  dayey  shaleSi  whldh  are  some- 
times calcareons,  with  here  and  there  a  few  layers  of  impure  limestone 
besides  one  somewhat  persistent  limestone  horizon  whieh  has  been  ob- 
served in  Baylor  and  Archer  Counties.  A  oommon  characteristic  of 
many  of  the  layers  is  the  presence  of  an  abundance  of  small,  hard, 
rough  concretions  which  usually  become  separated  and -accumulate 
upon  weathered  surfaces  as  the  imbedding  clayey  material  is  removed 
by  erosion,  when  they  often  present  the  appearance  of  a  disintegrated 
coarse  conglomerate.  The  observer  is  impressed  with  the  prevailing 
reddish  color  of  the  whole  formation,  and  during  t^e  rainy  seascm  the 
waters  of  the  streams  which  traverse  it  are  reddened  by  the  abundant 
ferruginous  clayey  sediment  which  they  receive  as  a  product  of  erosion. 
This  circumstance  has  given  origin  to  the  names  of  Bed  and  Oolorado 
Bivers,  both  of  which  traverse  the  Texan  Permian. 

The  stratification  is  generally  more  or  less  regular,  but  in  the  district 
here  specially  referred  to  the  formation  contains  comparatively  tdw 
compact,  evenly  bedded  strata.  Because  of  this,  and  also  because  the 
strata  have  in  this  district  been  only  slightly  disturbed  since  their 
deposition,  few  striking  features  in  the  landscape  occur.  That  is,  the 
district  is  comparatively  a  plain  country,  the  surface  of  which,  in  the 
general  absence  of  forests,  is  diversified  only  by  shallow  vaUeys  of 
erosion  and  low  hills  of  circumdenndation,  with  here  and  there  a  hill 
or  bluff  of  like  origin  which  reaches  a  height  of  one  or  two  hundred  feet 
above  the  general  level.  From  the  top  of  these  higher  elevations  ex* 
tended  landscape  views  may  be  obtained,  which  are  of  much  advantage 
in  the  study  of  geological  structure  in  that  region. 

Because  of  the  slight  disturbauce  which  the  Permian  strata  have 
suiiered  in  the  district  referred  to,  and  the  general  absence  of  bold 
escarpments,  it  is  difficult  to  arrive  at  an  accurate  measurement  of  the 
thickness  of  the  formation,  but  it  is  estimated  at  1,000  feet  By  dis- 
tant view  from  the  hills  before  mentioned,  a  general  dip  of  the  whole 
formation  toward  the  west  is  plainly  discernible.  It  is  ftom  a  succes- 
sion of  such  observations  of  the  dip,  together  with  measnt^ments  of  the 
thickness  of  exposed  strata  and  estimates  of  that  of  the  unexposed, 
that  the  foregoing  estimate  of  the  thickness  of  the  formation  has  been 
made. 

A  list  of  all  the  species  of  invertebrate  fossils  that  have  been  dis- 
covered in  the  Texan  Permian  is  given  on  a  following  page.  A  fhll 
list  of  the  vertebrate  species  from  the  same  formation  has  been  pub- 
lished by  Prof.  Cope,'  but  no  determinations  of  its  fossil  plants  have  yet 
been  made  known.  Prof.  Cope's  list  comprises  10  si>ecies  of  fishes,  11 
of  batrachians,  and  33  of  reptiles ;  making  54  species  in  all. 

The  full  thickness  of  the  Coal-Measure  series  in  Texas  is  not  yet 
known,  its  base  not  having  been  observed ;  bnt  the  portion  that  has 
been  examined  reaches  an  estimated  thickness  of  1,800  feet.    The  strata 

>Sm  Tnuis.  Am.  PhUot.  Soo.  1888,  voL  16,  pp.  28fr-28& 
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are  generally  somewhat  evenly  bedded  and  consiBt  of  blaisb  and  gray 
limestones,  gray  and  ferruginoos  sandstones,  blaisb  and  dark  carbon- 
aceous shales  and  clays ;  and  several  coal  horizons  are  now  known  to 
exist  there.^  These  strata  have  famished  at  namerous  localities  and 
in  greater  or  less  abundance  sach  characteristic  Goal-Mcasnre  inverte- 
brates as  the  following :  Terebratula  bovidena  Morton,  Spirifer  cameratus 
Morton,  Aihyris  9ubtiKta  Hall,  Productus  oora  d'Orb.,  P.  nebrascensis 
Owen,  P.  eostatus  Sowerby,  P.  semireticulatus  Martin,  Hemipronites 
eroisus  Meek  &  Hayden,  Myalifia  subquculrata  Shumard,  Allorisma  sub- 
cmneaia  M.  &  H.,  Nuoulana  belUstriata  Stevens,  Pletirot-omariu  tabulata 
Conrad,  BeUeraphon  oarbonarius  Cox,  P.  percarinatm  Conrad,  and  Mac- 
roekeUus  ponderosua  Swallow.  Many  other  species  have  also  been 
firand  associated  with  those  which  have  jnst  been  named,  bat  the  latter 
are  quite  safflcient  to  characterize  the  strata  containing  them  as  be- 
longing to  the  Coal-Measnre  series. 

Along  the  western  boundary  of  the  Texan  Permian,  as  it  has  been 
characterized  in  preceding  paragraphs,  a  series  of  strata,  abont  250 
feet  in  maximam  thickness,  now  generally  known  as  the  gypsnm-bear- 
ing  beds  and  thonght  by  some  geologists  to  be  of  Triassic  age,  rests 
conformably  upon  the  Permian.  In  general  aspect,  in  a  prevailing 
reddish  color,  and  in  general  lithological  character,  except  in  the  prev- 
alence of  gypsnm  in  many  of  the  layers,  and  the  somewhat  greater 
prevalence  of  clayey  material,  these  overlying  beds  resemble  the  Per- 
mian strata  npon  which  they  rest.  With  only  one  known  exception, 
these  gypsum-bearing  beds  have  furnished  no  fossils.  The  exception 
referred  to  is  the  discovery  by  Mr.  Cnmmins  in  Hardeman  County,  in 
an  upper  stratum  of  those  beds,  of  a  thin  magnesian  layer  containing 
numerous  casts  of  a  species  of  Pleuraphorus.  This  being  generally  re- 
garded as  a  characteristic  genns  among  Permian  mollascan  faanas, 
and  also  being  a  prevailing  form  in  the  Permian  strata  beneath  these 
gypsum-bearing  beds,  tfae  question  is  suggested  whether  the  latter 
ought  not  to  be  regarded  as  constituting  an  upper  part  of  the  Texan 
Permian.  These  beds  have  yet  furnished  no  fossils  which  can  with 
propriety  be  referred  to  the  Trias,  and  it  is  questionable  whether  any 
Triassic  strata  exist  in  Texas. 

It  will  be  seen  from  the  foregoing  remarks  that  there  is  in  the  part  of 
northern  Texas  to  which  special  reference  has  been  made  a  great  con- 
formable series  of  strata  which  has  a  gentle  general  dip  toward  llio 
west,  and  which  includes  the  strata  that  in  this  bulletin  are  referred  to 
the  Permian.  It  is  overlain  only  by  the  debris  resulting  from  its  own 
disintegration  except  along  the  eastern  and  western  bordersof  the  re- 
gion which  it  occupies,  where  Cretaceous  formations  lap  upon  it.  This 
overlapping  conceals  its  base,  but  the  estimated  thickness  of  the  whole 
series,  so  far  as  it  is  exposed  to  view,  is  3,050  feet.  The  lower  1,800 
feet,  together  with  an  unknown  thickness  beneath,  is  referred  to  the 
Coal  Measures.    The  next  overlying  1,000  feet  of  strata  are  referred  to 

*  Mr.  ComniDa  laforais  me  in  a  letter  that  he  has  dlatingniahed  no  less  than  nine  coal  horizons. 
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tlie  Permian;  and  the  npper  250  feet  of  the  whole  series,  commoiily 
known  as  the  gypsam-bearing  beds,  probably  constitate  the  opper  part 
of  the  Permian. 

Thp  Cretaceous  strata  referred  to  rest  Dnconformably 
and  with  a  contraiy  dip  upon  the  earlier,  eastern  portion 
of  the  whole  aeries,  whUe  npon  the  later,  western  portion 
of  it  tbey  rest  with  apparent  conformity,  although  their 
real  conformity  may  well  be  qneationed  becanse  the  Jura 
seems  to  be  entirely  wanting  there. 

The  relation  of  the  parts  of  this  great  aeriea  to  one  an- 
other and  their  relation  to  later  formations  is  illnstrated 
by  tfae  accompanying  section,  Fig.  1.  The  dips  are,  of 
cdnrse,  etaggerated  in  the  flgnre  by  the  diGference  be- 
tween its  horizontal  and  vertical  scales. 


FiO.  1. — Boritcntal  Moliow  JVom  the  taatant  part  of  IftuMtro  Cowaty 
to  SvUiier  Comul]!,  Tmai. 

1.  LieniUo  Beds Torttary. 

1  BiiiUy  FdnnAtldn 

B.  AiuIId  ForoiBUon 

t.  Eaglo  Fun]  Fonnttlon ... 

n.  Timber  CraekFormUlan 

fl   CoiDUwbe  Seriea 

t   TrJoltj-FormMlon' 


I.  C«I 


"v 


li^ 


ID  OiiMDin-beariiiK  Bada 

As  already  stated  and  illnstrated  by  thu  accompany- 
ing figure,  the  Gretuceoaa  strata  appear  to  rest  conform- 

iblv  upon  the  gjpsum-beariiig  beds  at  the  western  end 
of  the  section,  and  tbo  latter  beds  lie  quite  conform- 
ablj  niUi  the  I'ermiau  and  Coal  Measures  beneath,  nil 
liaMiig  a  westward  dip.  On  the  contrary,  in  the  dis- 
tr  ct  embracing  toe  eastern  end  of  the  section,  all  tbe 
overly  Dg  formations  from  the  Trinity  to  the  Gocene, 
inclusive,  have  an  easterly  dip  and  seem  to  lie  uncoii- 
formably  with  the  Coal  Measures  and  Permian.  For 
want  of  positive  evidence  npon  this  point,  however. 
It  ih  not  certain  that  the  Coal-Measure  and  Permian 
strata  do  not  finally  dip  toward  the  east  beneath  the 
Cretaceous  formations,  forming  tbere  an  anticlinal  asis. 
Having  shown  the  stratigraphicnl  relation  of  the 
Texan  Permian  with  other  formations  in  the  same  re- 
gion tlic  former  only  need  be  further  considered.  The 
follow  ng  descriptive  section  of  those  strata  is  taken 
fron  Mr.  Cummins's  field  notes,  but  it  has  been  in  large 
( art  A  erified  by  my  own  personal  observations.    The 

1  fie    nt  members  of  the  section,  which  are  indicated 

Th    u  mrDirniKiiirSan.laTu  rormcrlf  nacdforthlaroTniMIon.    SaoProo. 


WHIM. J  DESCRIPTION   OP   TEXAN   PERMIAN.  "^ 

by  consecutive  nnmberSi  are  not  distinctly  definable  from  one  another, 
but  the  section  is  presented  in  this  form  for  convenience  in  referring 
to  the  respective  horizons  at  which  collections  of  fossils  have  been 
made. 

De90fiptiv$  ieetion  of  the  Texan  Permian* 

1.  Reddlnh  and  mottled  sandy  days  with  layers  of  sandstone. 

2.  VarioQsly  colored  clayey  and  sandy  concretionary  strata  with  a  few  irregnlar 
layers  of  impnre  concretionary  limestonei  a  stratum  of  grayish  blue  limestone  being 
usually  observable  near  the  middle  of  the  member  in  Daylur  and  Archer  Counties. 

3.  Sandstones,  alternating  with  clayey  and  sandy  concretionary  layers,  and  with  a 
few  fine-grained,  siliceous  layers. 

4.  Reddish  and  buff  colored  clayey  and  sandy  shales  with  occasional  layers  of  sand- 
stone. 

5.  Sandstones  and  sandy  shales  with  beds  of  reddish  sandy  clays,  passing  gradually 
into  the  Coal  Measures  beneath. 

The  vertebrate  remains,  which  by  their  fannal  characteristics  Prof. 
Cope  confidently  refers  to  the  Permian,  occur  at  numerous  localities 
and  at  many  horizons  from  the  base  to  the  top  of  the  section ;  but 
invertebrate  remains  have  hitherto  been  discovered  only  in  strata 
which  are  included  in  numbers  2  and  3  of  that  section.  The  lower- 
most known  horizon  at  which  invertebrates  occur  is  about  400  feet 
above  the  base  of  the  series,  and  the  uppermost  is  about  as  much 
below  the  top  of  the  same;  that  is,  the  invertebrate  fossils  described 
and  figured  in  this  bulletin  come  from  the  middle  200  feet  in  thickness 
of  the  Permian  series  as  it  has  just  been  defined. 

The  localities  at  which  these  fossils  were  obtained,  only  three  in 
number,  are  in  Baylor  and  Archer  Counties,  and  as  the  greater  part 
of  the  district  is  still  unsettled,  they  can  be  designated  only  in  an  indefi- 
nite way.  The  first  of  these  localities,  which  is  in  the  northwestern  cor- 
ner of  Archer  County,  will  be  desi  gnated  as  '*  Camp  Creek.^  The  second 
one  is  in  Baylor  County,  near  the  middle  of  its  eastern  boundary  line, 
and  will  be  designated  as  "  Godwin  Creek."  The  third  is  in  the  uorth- 
easteni  part  of  Baylor  County,  near  where  the  now  unused  military 
road,  constructed  by  General  Earl  Van  Dorn,  crossed  the  Big  Wichita 
Biver.  This  locality  is  by  the  settlers  of  that  region  called  the  ^'  Old 
Military  Crossing,"  but  it  will  in  this  bulletin  be  designated  as  the 
Military  Crossing  of  the  Big  Wichita,  or  simply  as  the  Military  Cross- 
ing. The  strata  of  the  two  first  mentioned  localities  occur  in  Ko.  3  of 
the  foregoing  descriptive  section  of  the  Permian,  and  those  of  the  last 
named  one  in  No.  2  of  the  same. 

The  following  is  a  list  of  all  the  invertebrate  species  which  are  now 
known  to  have  been  found  in  the  Texan  Permian,  all  of  which  are  dis- 
cussed on  succeeding  pages  and  illustrated  on  the  accomi)anyiiig  plates. 
The  list  is  presented  in  tabular  form  for  the  purpose  of  giving  a  synop- 
tical view  of  the  invertebrate  fauna  so  far  as  it  is  at  present  known,  and 
also  to  indicate  the  localities  at  which  the  respective  species  have  been 
discovered,  as  well  as  their  interassociation  there. 
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As  to  the  latter  condition,  it  is  proper  to  state  that  specimens  of  all 
the  species  found  at  the  locality  which  is  indicated  at  the  head  of  the 
following  list  as  the  <*militaiy  crossiug"  were  collected  by  myself  from 
a  single  stratum,  where  they  were  so  commingled  as  to  leave  no  room 
for  doubt  that  they  were  all  members  of  one  and  the  same  fianna,  nor 
any  that  they  all  lived  contemporaneously.  Specimens  of  the  greater 
))art  of  the  other  species  were  also  collected  by  me  at  the  localities  in- 
dicated. When  not  collected  by  myself  the  foot  will  be  mentioned  in 
connection  with  remarks  upon  the  respective  species. 

LUi  of  inverkbraU  §peoie»  from  ik$  Texm  FenUtm, 


1. 
2. 
3. 
4. 

r>, 

7. 

8. 

9. 
10. 
11. 
12. 

rx 

14. 
15. 
It). 
17. 
18. 
19. 
20. 
21. 
22. 
23, 
24. 
25. 
2fi. 
27. 
2S. 
29. 
30. 
31. 
32. 


Goniatites  baylorenBiB  n.  b.... ••• 

Waa^euoceras  oumminBi  White 

Medlicottia  copoi  W 

Popaiioceras  walootti  W 

Orthoceras  rusheoRiH  McChesiiey  t .... 
Nautilus  winslowi  Meek  Sc  Worthen.. 

N.  occi  den  talis  Swallow .....; 

X. 1 

N. f 

N. 1 

N.  (Emlolobiia) f 


Naticopsis  remex  W 

N.  shumardi  McChesneyf 

£noinphaluB  Babquailratna  M.  &  W 

E T 

Mnrchisonia f 


f 


Patella 

Bellerophon  orassna  M.  &  W 

B.  moiitfortianiifl  Norwood  &  Pratten 
B. T 


Csmp 
Creek. 


^^M1gwickia  topekaonsis  ISbumard  ftp. 
Plenrophonifl f 


Clidnpliorus  occidentnlis  Goinitz 

Yoldiaf  snbscitula  Meek  &  liaydcn.. 

Myalina  pcrmiaiia  Swallow 

M.  aviculoidos  M.  &  H 

M.  porattoiiuata  M  Sr.  II 

Gervillia  longa  Geiuitz 

Aviciil<»i)ecteii  occidontalifl  Sbuinard. 

Syringopora T 

Spirt>rbis 1 


Cy  there  nebrascetiHis  Geinitz 


Godwin 
Creek. 
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X 
X 
X 
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X 
X 
X 
X 
X 
X 
X 
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CroMing. 


X 
X 
X 
X 
X 
X 
X 
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X 
X 
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X 
X 
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X 
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X 
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X 
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SUMMARY. 


Cephalopoda. 

Mollnsoa •••  .•{  GaHtt'roi)oda. 

Conchii'ura... 

Ar.ic-nUta l^^^^";, 

Kadiata Polypi 


\ 


Total 


Specien. 
11 
9 
9 
1 
1 
1 


32 


^      By  referenco  to  the  foregoinp:  list  of  species,  aud  especially  tx)  the 
summary  at  the  end  of  the  list,  it  will  be  seeu  that  the  invertebrate 
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collections  wh'ch  liavc  hitherto  been  made  from  the  Texan  Permian  do 
not  represent  a  fauna  in  its  iianal  proportions,  either  as  regards  the 
classes  and  families  to  which  the  species  of  the  list  respectively  belong, 
or  SIS  re^rds  the  classes  and  families  which  are  usually  expected  to  bo 
represented  in  a  Permian  fauna.  This  is  especially  true  when  we  com- 
pare these  collections  with  Permian  faunas  already  known  in  other 
regions.  For  example,  it  will  be  seen  that  the  Cephalopoda  are  in  un- 
usually lar^e  proportion,  that  the  BrachioiHKla  and  i^olyzoa  are  absent, 
and  that  the  Polypi  are  represented  by  only  a  single  species.  In  short, 
it  is  plain  that  the  invertebnite  fauna  which  existed  during  the  period 
in  which  the  Texan  Permian  was  deposited,  and  in  the  same  or  in  con- 
tiguous waters,  is  imi)€rfectly  and  disproportionately  represented  by 
these  collections. 

Some  of  the  causes  of  the  imperfection  and  disproportion  referred  to 
are  too  ])lainly  apparent  to  need  comment,  and  others  are  suggested  by 
the  lithological  and  stratigraphical  character  of  the  formation  in  which 
the  remains  are  found.  Besides  the  inevitable  causes  of  imperfect  rep- 
res-  ntatiou  of  extinct  faunas  by  their  remains,  a  conspicuous  reason  for 
the  imperfection  of  these  collections  is  that  the  formation  has  yet  been 
carefully  examined  in  only  a  small  part  of  the  large  region  which  it  is 
known  to  occupy,  and  •xhaustive  search  for  invertebrate  fossils  has  yet 
bci'n  made  at  only  a  few  of  the  localities  which  have  been  visited  by 
conii>etent  collectors. 

Again,  there  are  few  strata  entering  into  the  compcKsition  of  the 
Texan  Permian,  where  it  has  been  examined,  the  character  of  which 
indicates  that  they  successively  formed  the  bottom  of  waters  where  a 
large  proportion  of  then  existing  invertebrates  could  have  found  a  con- 
genial habitat.  That  is, sandy  and  other  siliceous  strata,  as  has  already 
been  shown,  prevail  in  this  formation,  while  calcareous  strata  are  com- 
paratively rare.  It  is  true  that  certain  families,  especially  of  the  niol- 
lusca,  hnd  a  siliceous,  sandy  bottom,  such  iis  most  of  those  strata  doubt- 
let*s  formed,  more  congenial  than  a  muddy  or  a  calcareous  one;  but  t(» 
far  the  greater  part  of  such  invertebrate  faunas  the  latter  kind  of  bot- 
tom, other  conditions  being  favorable,  is  much  the  more  congenial.  In 
sliort,  the  lithological  character  of  a  formation  often  presents  an  obvious 
re;ison,  not  only  for  the  comparative  paucity  of  all  invertebrat<*  fossils 
in  its  strata,  but  even  for  the  absence  of  representatives  of  certain  faiii- 
ilies  which  we  have  every  reason  to  suppose  existed  contemporaneously 
iu  other,  not  far  distant,  places  and  in  more  cong<Miial  waters. 

But  these  collections,  imperfect  as  they  are,  present  snbjrcts  for  con- 
sideration  which  are  of  far  greater  interest  than  that  which  attachrs 
to  a  mere  addition  to  our  knowledge  of  a  few  of  the  forms  whidi  con- 
stituted the  fauna  of  anj'  given  epoch  or  period,  such,  for  example,  as 
the  relation  which  the  fauna  of  one  period  in  a  given  region  boiv  to 
faunas  which  were  presumably  contemporaneous  with  it,  and  to  those 
of  the  periods  which  immediately  preceded  and  followed  it,  ivvvd  lV\vb 
BuJL  77 J^ 
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indication  which  these  fossils  give  as  to  the  geological  age  of  the  strata 
containing  them. 

For  the  purpose  of  presenting  the  latter  subject  as  conspicnoasly  as 
X)088iblc  all  the  invertebrate  forms  which  have  liithorto  been  discovered 
in  the  Texan  Permian,  whether  new  or  already  published,  will  be  dis- 
cussed on  the  immediately  following  pages  and  figui'dl  ou  the  accom- 
panying plates. 
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DESCRIPTION  OP  SPECIES. 


MOLLUSOA. 
CEPHAIiOPODA. 

GenuB  GONIATITES  de  nahn. 

GONIATITES  BAYLORENSIS  Sp.  nOV. 

PL  II,  Figs.  1-3. 

Shell  apparently  reaching  a  moderately  large  size;  its  transverse 
diameter  less  than  that  of  the  plane  of  its  coil;  volutions  moderately 
embracing ;  the  peripheral  and  lateral  portions  regularly  ronnded  from 
the  border  of  one  umbilicus  to  that  of  the  other;  umbilici  deep  and 
somewhat  narrow,  but  showing  a  portion  of  each  of  the  inner  volutions, 
their  borders  abruptly  rounded  inward  from  the  sides;  the  transverse 
diameter  of  the  volutions  nearly  three  times  as  great  as  the  dorso- ven- 
tral diameter,  a  transverse  section  of  them  showing  a  lunate  outline. 
Living  chamber  and  aperture  unknown.  Septa  moderately  distant  from 
one  another;  dorsal  lobe  longer  than  wide,  deeply  divided  into  two 
uar£ow,  lanceolate,  slightly  diverging  branches;  dorsal  and  superior 
lateral  saddles  lingniform  and  nearly  equal  in  size;  the  two  saddles 
separated  by  the  superior  lateral  lobe,  which  is  simple,  slightly  con- 
stricted at  the  middle,  and  acutely  pointed;  the  inferior  lateral  lobe 
similar  in  shai)e  to  the  superior,  but  a  little  shorter,  and  less  distinctly 
constricted;  inferior  lateral  saddle  a  little  shorter  than  the  others, 
somewhat  irregular  in  shape,  and  occupying  the  margin  of  the  umbil- 
icus.   Snrface  apparently  unornamented. 

The  only  specimen  in  the  collection,  when  perfect,  probably  reached 
a  diameter  of  coil  of  about  55  millimetres. 

This  species  bears  considerable  resemblance  to  the  G.  gJobnIosus  of 
Meek  &  Worthep,  but  the  septa  of  the  Texan  form  have  each  one  more 
lobe  and  saddle  between  the  periphery  and  the  margin  of  the  umbilicus 
than  have  those  of  the  other  form. 

Locality:  Military  Crossing  of  the  Big  Wichita,  Baylor   County, 

Texas. 

19 


i 


20      TEXAN  PERMIAN  AND  ITS  MESOZOIC  TYPES  OF  FOSSILS.    lmJU.T7. 

Genns  WAAGENOOEBAS  Gemmellaro. 
Waaobnooebas  oumminsi  White. 
PI.  I,  Pigs.  4-8. 

Ptychitea  cumminti  White,  Am.  Natnralisfc,  1889,  vol.  23,  j».  117.  PI.  i,  Fif^.  4-8. 
Compare  with  H^aafffuoeenu  staehei,  jGtomm.  Gior.  Sci.  Nat.  ed.  Ecoo.,  vol.  19,  1888,' 
]>.  11,  PI.  I,  Figs.  4^1,  aud  PL  ii,  Figs.  3-4. 

Sliell  oompresBcd  siibglobose,  transversely  roanded  on  the  periphery, 
ami  more  broadly  rounded  on  the  sides;  transverse  constrictions  appear- 
ing at  irregular  intervals  upon  casts  of  the  interior  of  the  shell;  volu- 
tions so  deeply  embracing  as  to  form  small,  narrow  umbilici,  the  bonlers 
of  which  are  narrowly  rounded  inward  from  the  sides,  and  which  show 
a  small  portion  of  each  of  the  inner  volutions;  transverse  sectioiT  of 
the  outer  volution  deeply  crescentic  Surfiice  apparently  plain,  but 
u|:>on  the  border  of  the  umbilicus  in  a  couple  of  Bi>ecimens  fine  revolv- 
ing lines  appear.  Septa  numerous  and  complex.  The  siphonal  lobe 
large,  deeply  divided  into  two  strongly  digitate  branches.  The  first 
latenvl  lobe  is  a  lit|;le  larger  than  a  single  branch  of  ^the  siphonal  lobe, 
but  it  is  similarly  digitate.  The  second  and  third  lateral  lobes  are  visible 
before  the  suture  reaches  the  umbilicus,  toward  which  the  three  lobes 
gradually  decrease  in  size  and  complexity.  Living  chamber  and  aper- 
ture unknown. 

The  largest  example  in  the  collection  indicates  that  it  reachetl  a 
diameter  in  the  plane  of  the  coil  not  less  than  50  millimetres,  but  the 
living  chamber  is  not  shown  in  any  of  tliem.  The  figures  on  PI.  I  of 
this  bulletin  are  all  of  natural  size.  Those  given  in  the  American 
Naturalist  are  (loc.  cit.)  a  little  less. 

Specimens  representing  about  40  individuals  were  found  at  the  IVIili- 
tary  Crossing  locality,  all  of  which  are  imperfect,  but  the  species  has 
not  yet  been  elsewhere  discovered.  The  greater  part  of  these  specimens 
were  collected  by  myself,  and  they  were  found  in  such  association  with 
the  other  species  there  as  to  leave  no  doubt  that  they  were  all  members 
of  one  and  the  same  fauna. 

When  I  published  this  species  in  the  American  Naturalist  (loc.  cit.) 
I  referre<l  it  to  PtychiieH  MojhihovIcs^  Prof.  Gemniellaro's  work  (op.  cit.) 
not  having  then  reached  me.  Upon  comparing  it  with  hisdescrii)tion 
and  figures  it  Wcis  plain  that  the  Texan  and  Sicilian  forms  are  con- 
generic. It  is  also  plain  that  Waaifenoccras  cunimhm  and  W.  stachci  are 
closely  related  species. 
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Genus  MBDLICOTTIA  Waageu. 

Medlicottia  copei  White. 
Plate  I,  Figs.  1-3. 

Mfdlieoitia  copei  White,  Am.  Naturalist,  1880,  vol.  33,  p.  117,  PK  i,  Fij(H,  1-3. 

Shell  thinly  discoid,  the  aides  geutly  convex ;  periphery  narrow,  hav- 
ing a  moderately  deep  mediaA  groove;  volutions  so  deeply  embraciug 
that  only  a  small  part  of  each  of  the  inner  ones  is  seen  in  the  very 
narrow  umbilicL  Siphonal  lobe  long  and  slender,  occupying  the 
bottom  of  the  peripheral  groove,  each  side  bearing  four  or  Hve  small 
indentations.  External  saddle  very  long  and  irregular  in  shape,  in  part 
occupying  the  ridge  which  borders  each  side  of  the  peripheral  groove, 
and  in  part  overlain  by  the  corresponding  part  of  the  next  preceding 
external  ssiddle.  Five  or  six  small  denticles  of  nearly  equal  size  are 
observable  upon  the  side  of  the  saddle  within  the  peripheral  groove, 
and  seven  or  eight  denticles  of  unequal  length  are  seen  ui)on  the  outer 
side.  The  other  saddles  are  plain,  linguiform  or  sublanceolate.  The 
external  lobe  is  stronger  than  any  of  the  others,  having  two  bifid 
branches,  one  directed  backward  in  the  curved  line  of  the  shell  coil,  and 
the  other  extending  toward  the  periphery  into  the  external  saddle.  The 
other  lobes  gradually  diminish  in  size  toward  the  umbilicus,  most  of 
which  are  bifid  at  the  extremity;  but  the  latter  character  does  not 
appear  upon  sn)all  lobes  of  the  inner  portion  of  the  vohitions. 

The  largest  example  in  the  collection  indicates  a  diauu'ter  of  GO 
millimetres;  but  as  no  trace  of  the  living  chamber  is  i)reaent,  its  full 
size  is  not  known.  The  figures  on  PI.  I  of  this  bulletin  are  of  natural 
frize.    Those  in  the  American  Naturalist  (loc.  cit.)  are  a  little  less. 

Three  or  four  imperfect  examples  of  tliis  species  were  found  at  the 
Military  Crossing  locality,  and  one  other  near  San  Angelo,  Tom  Greene 
County,  Texas.  The  latter  locality  is  fully  150  miles  from  the  former, 
which  shows  that  the  species  had  a  considerable  geographical  distri- 
bution. This  appears  to  be  the  only  species  of  Medlicottia  that  has  yet 
been  found  in  North  America,  if  we  except  an  uni)ublishod  form  from 
the  Meekoceras  beds  of  Idaho,  which  will  doubtless  fall  either  into  this 
genus  or  Sageceras. 

Genus  POPANOCEllAS  nyatt. 

POPANOCEBAS  WALCOTTI  White. 

PI.  I,  Figs.  9-11. 

Popanoceras  ira^coftt  White,  Am.  Naturalist,  1889,  vol.  23,  p.  117,  PI.  i,  Figs.  0-11. 
Compare  with  Popanocera$  multiairiatum  Goiumollaro ;  Gior.  »Sci.  Nat.  od.  Kcon.  1888, 
vol.  XIX,  p.  19,  PI.  lUf  Figs.  1-5. 

Shell  discoid,  periphery  rounded;  sides  gently  convex,  the  inner  vo- 
lutions almost  wholly  embraced  by  the  next  preceding  one,  and  the 
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ninbilici  are  conaeqaently  minate.  Sorfaee  marked  with  nnmeroas 
slightly  raised  and  slightly  sinuoas  radiating  ridges,  apparently  indi- 
cating stages  of  growth,  which  extend  cdntinnoosly  from  one  nmbilicus 
to  the  other  across  the  periphery.  Septa,  showing  nnmeroas  short 
lobos  and  saddles,  the  former  being  simple  and  regularly  ronnded  at 
the  end,  and  the  latter  more  or  less  notched  or  pointed  at  the  extremity. 
Those  near  the  periphery  have  sometimes  three  digitations,  and  those 
near  the  nmbilicos  are  simple  and  more  or  less  pointed.  In  fall-grown 
examples  the  saddles  are  probably  still  more  digitate. 

Only  one  example  of  this  species  is  known,  which  was  found  at  the 
Military  Crossing  locality.  The  diameter  of  its  ooil  is  about  26  milli- 
metres, all  being  occupied  by  the  septa.  The  living  chamber  and 
aperture  are  therefore  unknown.  The  figures  given  on  PI.  I  of  this 
bulletin  are  of  natural  size;  those  given  in  the  American  Naturalist 
(loc.  cit.)  are  a  little  less. 

The  close  specific  relationship  of  Waagenoceras  eumminH' wiOk  W. 
stachei  lias  been  mentioned,  and  by  comparing  Popanoceras  waleoiH 
with  P.  multistriatum  it  will  be  seen  that  these  two  species  are  also 
closely  related  in  all  their  observable  characteristics,  both  suggesting 
a  close  relationship  of  the  Texan  and  Sicilian  faunas. 

Genus  OBTHOGERAS  Breynins. 

Obthogeras  kushensis  McChesneyt 

PI.  II,  Pigs.  14-lG. 

Orthoceras  rushensiti  McChosnoy,  1851),  Now  Paleozoic  FossiIh,  p.  G8. 
Compare  with  Orthoceras  sp.  iniilet.  Muck  &  Wortheii,  Geol.  Snrvcy  Illinois,  1873, 
vol.  5,  PI.  XXX,  Fi^-  5. 

The  collection  from  the  Military  Crossing  of  the  Big  Wichita  con- 
tains numerous  fragments  of  shells  belonging  to  the  genus  Orthocera^t^ 
which  possibly  represent  more  than  one  species,  but  much  the  greater 
part  of  them  evidently  belong  to  one  and  the  same.  Shells  qf  this 
genus  usually  present  too  few  salient  characters  for  satisfactory  specific 
discrimination,  and  this  is  especiall}-  the  case  with  the  fragmentary 
specimens  of  the  collection  now  in  hand.  The  external  shell  is  present 
upon  some  of  the  specimens,  but  the  surface  shows  none  of  the  mark- 
ings which  characterize  the  0.  crihrosum  of  Geinitz  from  Nebraska  City. 
I  have  therefore  referred  the  Texan  form  to  McChesnoy's  species,  the 
type  specimens  of  which  were  obtained  from  the  Coal  Measures  of  In- 
diana and  Illinois. 
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Genus  NAUTILUS  Breynius. 
Nautilus  (Temnooheilus)  winslowi  Meek  &  Worthen, 

PI.  Ill,  Pigs.  1-^. 

SatiHlu*  {Temnodteilus)  winslowi  M.  «&  W.  Gcol.  Survey,  Illinois,  1873,  vol.  5,  p.  60i), 

PI.  XXXII,  Fig.  2. 
Compare  with  N.  {T.)  latua  M.  &.  W.,  ib.,  p.  608,  PI.  x\,  Fi^r.  2. 

A  cou»u\erable  number  of  imperfect  spccimeus  and  fragments  of  a 
gpecies  of  Nautilus  occur  among  tlie  fossils  obtained  at  tbe  Military 
Grossing  of  the  Big  Wichita,  which  are  referred  to  the  K,  winsloici  of 
Meek  &  Wo'rthen.  Although  these  specimens  vary  in  certain  respects 
from  the  type  specimens  as  figured  and  described  by  the  authors,  they 
▼ary  quite  as  greatly  among  themselves.  These  as  well  as  other  speci- 
mens indicate  that  the  species  is  a  very  variable  one,  and  its  variabil- 
ity is  believed  to  be  so  great  as  to  include  the  N.  latm  of  the  same 
authors.  The  variability  is  observable  in  the  different  degree  of  acute- 
ness  of  t-he  lateral  revolving  angles^  the  prominence  an<l  shape  of  the 
nodes  upon  them,  the  difference  of  the  convexity  of  the  {>eripheral 
side,  etc.  The  Texan  specimens  are  also  all  smaller  than  the  type 
specimens  of  N.  latus  and  of  N,  tcinsloxci  respectively.  Both  the  latter 
are  from  the  Coal  Measures  of  Illinois. 

Nautilus  occidentalis  Swallow. 

PI.  II,  Figs.  11,  12, 

Nautilus  occidenialia  Swallow,  Trans.  St.  Loais  Acad.  Sci.,  1800,  vol.  1,  p.  100. 
Xaulilus  hiserialis  Hall,  Geology  of  Iowa,  Snpp.,  p.  92. 

Some  fragments,  evidently  belonging  to  this  species,  oecur  among  tbe 
collections  made  at  the  Military  Crossing  of  the  Big  Wichita.  This 
species  was  originally  described  as  coming  from  Permian  rocks  in 
Kansas,  but  it  was  afterward  recognized  as  a  common  fossil  in  the  Coal 
Measures  of  Illinois  and  Iowa. 

Nautilus ? 

PL  III,  Figs.  G-8. 

Compare  with  N.  eecenfricuB  Meek  &  Ilayden,  Palaeout.  Upper  Missonri,  Smitlison. 

Cont.,  172  (18C5),  p.  65,  PI.  ii,  Figs.  14a.  146. 
Alio  with  X.  chesterfnsis  Moek  «&  Wortben,  Geol.  Survey  Illinois,  1800,  vol,  2,  p.  300, 

PI.  XXIV,  Figs.  4a,  46. 

Associated  with  all  the  foregoing  species  are  many  examples  of  a 
small,  plain  Nautilus^  which  are  too  imperfect  to  be  either  satisfactorily 
described  or  identified  with  any  published  species.  They  may  be  com- 
pared with  the  two  forms  above  cited,  the  first  of  v>'liicli  is  from  rei)uted 
Permian  strata  in  Kansas,  and  the  other  from  th<^  ('liester  limestone, 
the  uppermost  member  of  ihe  Lower  Carboniferous  group  of  Illinois. 
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B'l.UTILUS  ~^—  f 

PL  II,  PigB.  7-10. 

A  couple  of  fragments  of  a  plain  snbglobose  Nautil%is  wore  foand  at 
the  Godwin  Creek  locality,  which  are  too  imperfect  for  specific  charac- 
terization, bnt  they  evidently  belong  to  a  different  species  from  any  of 
the  foregoing,  and  it  is -also  larger  than  the  one  last  noticed. 


Nautilus 


Pi.  II,  Pigs.  4-6. 

A  few  fragments  of  a  discoid  NautUtis  were  found  at  the  .Military 
Crossing  locality  which  I  am  not  able  to  refer  to  any  published  si^ecies, 
but  which  is  similar  in  form  and  structure  to  N.  gravesianus  d'Orb., 
Pal.  Fran^aise,  Ter.  Jur.,  1850-'C0,  vol.  1,  Atlas,  Pi.  xxxviii. 

Nautilus  (Endolobus) 1 

PI.  II,  Fig.  13. 

Tiic  collections  made  at  the  Military  Crossing  locality  contain  a 
single  fragment  of  a  Nautiloid  species,  which  is  too  imperfect  for  char- 
acterization further  than  to  say  that  the  septa  show  a  small  lobe,  such 
as  forms  the  leading  feature  of  Endolobus^  Meek  &  Worthen. 

GASTEROPODA. 

Genus  NATICOPSIS  McCoy. 

NATicorsrs  eemex  Wliite. 
PI.  Ill,  Fig.  10. 

Naiicopsts  remex  Wbito  l^tb  Ann.  Kept,  for  1878,  U.  S.  Gcol.  Survey  Terr.,  18S:^ 
l>art  I,  p.  l^L),  ri.  XXXIV,  Fiff.  (J. 

Sonic  internal  ctists  of  this  species  were  found  at  both  the  Military 
Crossing  and  Godwin  Creek  localities.  The  type  specimens  of  the 
species  were  obtained  from  the  junction  of  the  Grand  and  Green  Riv- 
ers in  Utah,  from  (3arboniferons  strata  that  are  probably  equivalent 
to  the  Coal  MeasurcH. 

NATICOPSIS  SHUMA.RDI  McCiicsney. 

PI.  Ill,  Fig.  11. 

Naticopsis  shumardi  McCliesnoy,  16(W,  Trans.  Chicago  Acad.  Sci.,  vol.  1,  p.  49,  PI.  ii, 
Fig.  15. 

Several  specimens  of  Xaticopsis  were  found  at  the  Godwin  Creek 
locality  which  seem  to  answer  McChesney's  description  and  figures  of 
N,  shumardi  too  nearly  to  warrant  their  reference  to  any  other  species. 
The  type  specimens  of  the  species  were  obtained  from  Coal-Measure 
strata  at  La  Salle,  Illinois. 
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Genus  EUOMPHALUS  Sowerby. 
EuoMFHALUS  SUBQUADBATUS  Meek  &  Wortlien. 

PI.  Ill,  Fig.  9. 

RuomiikaluB  subquadratus  M.  &  W.,  1873,  Gool.  Surv.  IIlinoiH,  vol.  5,  p.  G05,  PI.  xxix, 
Figs.  12.  13. 

Several  specimens  of  this  species  were  found  at  the  Military  Cross- 
ing locality.  The  type  specimens  of  the  species  were  found  in  the  Coal 
Measures  of  Illinois. 

EUOMPHALUS ? 

Associated  with  the  foregoing  species  some  fragments  of  a  shell  were 
found  which  evidently  belong  to  a  species  of  Euomphalus  difrerent  from 
the  preceding;  but  they  are  too  imperfect  to  admit  of  specitic  charac- 
terization. 

Genus  MlJRCniSONIA  d'Archiac. 

MUECHISONIA f 


PL  III,  Figs.  12,  13. 

Compare  with  Murckiionia  terehra  White,  12th  Ann.  Kept,  ijr  1878  U.  S.  Geol.  Snrv. 
Terr.,  1883,  Part  i,  p.  139,  PI.  xxxiv.  Fig.  4. 

The  collection  from  the  Military  Crossing  locality  contains  numerous 
examples  of  a  Murohisonia  all  of  which  are  in  a  bad  «t4ite  of  preserva- 
tion, and  most  of  which  are  in  the  condition  of  casts  of  tiio  interior  of 
the  shell.  Enough  of  the  shell  substance,  however,  remains  upon  a 
part  of  them  to  show  the  form  and  ornamentation,  the  latter  being 
quite  variable.  In  the  form  of  the  shell  and  its  volutions  these  speci- 
mens closely  agree  with  M.  terehra  (loc.  cit.),  and  some  of  the  speci- 
mens vary  but  little  from  it  in  ornamentation.  Others,  however,  show 
subordinate  crenulated  revolving  ridges  between  the  prominent  pe- 
ripheral ridge  and  the  suture.  The  Texan  shell  is  jirobaUly  only  a 
variety  of  M.  terehra^  the  type  specimens  of  which  were  obtained  from 
Carboniferous  strata  in  northern  Arizona. 

Genus  PATELLA  Linnteus. 

Patella! ? 

PI.  Ill,  Fig.  14. 

Compare  with  Patella  Uvettei  White,  Geol.  Iiuliaiia  for  1831.  p.  TJGO,  PI.  xxxix,  Fi^s. 

4,5. 
Compare  with  Leptopsia  lereitei  (White)  Whitfield,  lUill.  Am.  Mns.  Nat.  Hist.,  IKSl- 

1886,  vol.  1,  p.  68,  PI.  VIII,  Figs.  8-12. 

A  single  example  of  a  Pattelloid  sliell  was  found  at  tlie  (Godwin 
Creek  locality.    In  shape,  size,  and  general  character,  it  resembles  the 
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BhcU  from  the  Lower  Oarboniferous  of  Indiana  which  I  desoribeil  under 
the  nekmeo^ Patella  levettei;  bat  to  which  Prof.  B.  P.  Whitfield  afterward 
gave  the  generic  name  of  Leptopsis.  The  Texan  Bpecimen,  however, 
shows  no  indication' of  having  had  a  coiled  apez,  and  I  therefore  refer 
it  provisionally  to  the  genns  Patella. 

Oenns  BBLLEROPHON  Montforb 
Bellebophon  obassus,  Meek  &  Worthen. 

Bellerophon  orauuB^  M.  d&  W.,  Geol.  Survey  Illinois,  1886,  vol.  2,  p.  385,  PI.  xxxi, 
Fi|;B.  16a,  16fr. 

A  couple  of  specimens  of  this  species  were  fonnd  at  the  Military 
Grossing  locality.  They  are  too  imperfect  to  be  satisfactorily  flgnred, 
but  the  specific  characteristics  are  very  well  shown.  The  type  speci- 
mens of  the  species  are  firom  the  Goal  Measures  of  Illinois. 

Bellebophon  moktfobtianus,  Norwood  &  Pratten. 

PI.  Ill,  Figs.  15, 16. 

Bellerophon  montfort\anu9^  N.  «&  P.,  Joar.  Aoad.  Nat.  Sci.,  Phila.,  1855-1858,  Sd  aer., 
vol.  :J,  p.  74,  PI.  IX,  Fig.  5. 

A  single  small  example  was  fonnd  at  the  Godwin  Greek  locality, 
which  is  referred  to  the  Bellerophon  inont/ortianus  of  Norwood  &  Prat- 
ten with  little  or  no  hesitation.  The  type  specimens  were  from  the 
Goal  Measures  of  Illinois,  and  it  is  not  nncommon  in  strata  of  that 
age  iu  adjacent  States.  It  was  also  recognized  by  Prof.  Oeinitz  among 
the  Nebraska  fossils,  which  he  referred  to  the  Dyas  (Permian). 

Bellebophon f 

Many  specimens  of  a  moderately  large  Bellerophon  were  found  among 
the  fossils  collected  at  tlio  Military  Grossing  locality,  all  of  which  being 
in  tlio  condition  of  natural  easts  of  the  interior  of  the  shell  can  not  be 
satisfactorily  figured  and  described.  They  seem  to  represent  a  difier- 
ent  species  from  any  of  the  others  noticed  iu  this  bulletin. 

CONGHTFEILA.. 

Genus  SBDGWIGKIA  McGoy. 

Sedgwiokia  topekaensis  Shumard  sp. 

PL  IV,  Fig.  11. 

Leptodomus  topekaensis  Shumard,  TranH.  St.  Louis  Acad.  Sci.,  18C0,  vol.  1,  p.  208. 

Sedgwickia  topekaensis  Meek  &.  Ilaydon,  Paleout.  Upper  MisHouri  (SiuithBonian  Cont., 
17-2),  18«'»5,  p.  40. 

At  the  Godwin  Greek  locality  Mr.  Gnnimins  found  a  natural  cast  of 
the  left  valve  of  a  shell  which  seems  to  be  specifically  identical  with 
the  form  above  indicated.  The  type  specimens  of  the  species  which 
was  used  by  both  authors  above  cited  were  obtained  from  Goal-Meas- 
ure strata  in  eastern  Kansas. 
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Genus  PLEUROPHORUS  King. 
Pleubophoeus 1 

PL  IV,  Figs.  5-10. 

Natural  casts  of  shells  of  Pleurophorus  occur  abundantly  at  the 
Godwin  Creek  locality.  The  extremes  of  difference  in  the  form  of  these 
examples  is  so  great  that  one  can  hardly  forbear  referring  them  at  least 
to  two  species,  but  it  is  probable  that  the  difference  referred  to  is  mainly 
that  of  sex,  and  in  part  that  of  age.  Figures  showing  the  principle 
varieties  of  form  are  given  on  PI.  IV.  These  specimens  very  likely 
represent  one  or  more  published  species,  but  because  of  their  imper- 
fection no  specific  identification  is  attempted. 

Genus  CLIDOPHORUS  McCoy. 

CLmopnoRus  occidentalis  Geinitz. 

PI.  IV,  Fig.  3. 

PUur&phoruaT  oecidentalU  Meek  <&  Hayden,  Paleont.  Upper  Missouri  (Smithsonian 

Cont.,  172),  1865,  p.  35,  Pl.  I,  Fig.  2. 
Clidopkarua  ocddentalia  Geinitz,  Carbonformation  u.  Dyas  iu  Nebraska,  p.  23,  Pl.  u, 

Fig.  6. 

Mr.  Cummins  obtained  a  single  specimen  at  the  Godwin  Creek  lo- 
cality which  seems  to  be  identical  with  the  form  figured  and  described 
by  Profl  Geinitz  (loc.  cit.). 

Genus  YOLDIA  Moller. 
YoLDi A  ?  suBSCiTULA  Meek  &  Hayden. 

Pl.  IV,  Fig.  4. 

Toldiaf  $uh8eitula  Meek  &  Ifayden,  Paleont.  Upper  Missouri  (Smithsonian  Cont., 
ITO),  1865,  p.  GO,  PL  u,  Fig.  4. 

Several  specimens  were  obtained  by  Mr.  Cummins  at  the  Godwin 
Creek  locality  which  closely  answer  the  description  and  figure  given  by 
Meek  &  Hayden  (loc.  cit.).  Their  type  specimen  was  obtained  from 
reputed  Permian  strata  in  northeastern  Kansas.  There  seems  to  be 
room  for  doubt  whether  this  form  ought  not  to  be  referred  to  the  Xuc- 
ula  [Nuculana]  bellistriataof  Stevens,  which  is  a  common  Coal -Measure 
species. 
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Genos  HYALINA  de  Eoninok. 

Myalina  pbbhiana  Swallow  sp. 

PL  IV,  Pigs.  16-19. 

MyUlu8 permianiu  Shallow,  Trans.  St.  Lonis  Aoad.  Soi.,  1860,  vol.  1,  p.  1^. 
Myalina  jurmiatia  Meek  &  Hayden,  Paleont.  Upper  MiMonri  (Smiths'inian  Cont., 
17*2),  18<w,  p,  52,  PI.  II,  rig.  7. 

At  tlie  Camp  Greek,  Godwin  Greek,  and  Military  Grossing  localities 
nanierona  speciuiens  of  Myalina  were  obtained  which  'show  a  great  va- 
riety of  form,  especially  as  regards  marginal  outline,  but  I  think  it  not 
improbable  that  they  nevertheless  belong  to  one  and  the  same  species. 
Still  the  varieties  that  different  anthers  have  published  nnder  the  re* 
8|)ective  names  of  M.  permiana^  M,  perattennata^  and  if.  aviculoide^  are 
distiiigiiiahable  among  these  Texan  collections,  and  they  will  therefine 
be  grouped  under  those  three  names  respectively. 

The  form  M,  permiana  was  found  at  all  three  of  the  localities  above 
named.  The  tyi>e  specimens  of  both  Swallow  and  Meek  &  Hayden  were 
obtiiiiicd  from  reputed  Permian  strata  in  Kansas. 

Myalina  aviouloides  Meek  &  Hayden. 

PI.  II,  Pig.  12.  ^ 

Myalina  artculoith's  M.  &.  H.,  Palcout.  Upper  MiBHonri  (Sniithsonian  Cont.,  172),  1865, 

p.  f)!,  PI.  II,  Fig.  8. 

A  few  specimens  were  found  at  the  Godwin  Creek  locality,  which 
have  the  outline  and  general  features  of  the  form  to  which  Meek  ^: 
Hayden  gjvve  the  specific  njime  of  ariculoides.  Their  type  specimens 
were  obtained  from  the  reputed  Permian  strata  in  Kansais. 

Myalina  perattenuata  Meek  &  Hayden. 

PI.  IV,  Pigs.  L3-15. 

Myalina  perattenuata  M.  <&  IT.,  Paleont.  Upper  Missouri  (SmithAOuian  Cont-.,  172), 
ltf(jr»,  p.  32,  PI.  I,  Fig.  1>. 

Specimens  answering  the  original  description  of  M, perattenuata  were 
found  associated  with  M.  permiana  at  all  three  of  the  localities  named 
in  the  foregoing  notice  of  that  form.  Meek  &  llayden's  tyi>e  specimens 
came  from  the  Coal  Measures  of  Missouri.  It  is  not  uncommon  in  the 
Coal  Measures  elsewhere. 
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Genns  GERYILLIA  Defranco. 
Oebyillia  longa  Geinitz. 

PI.  IV,  Fig.  2. 

GfrvUlia  longa  Gtoinitz,  Carbonforinatioo  u.  Dyas  in  Nobraska,  p.  '.^i,  PI.  ir.  Fig.  15. 
Compare  with  Arioula  Mhawnetuaia  ShumsM,  Trans.  St  Louia  Acad.  Sci.,  18G0,  vol.  1, 
p.  211. 

Two  specimens  of  an  Aviculoid  shell  were  obtained  by  Mr.  Giimmins 
at  the  Godwin  Greek  locality  which  are  identifietl  with  the  OervilHa 
longa  of  Geinitz,  and  they  are  perhaps  identical  with  the  Avicula  shaw- 
neensis  of  Shamard.  From  an  examination  of  the  hiiifi^e  of  the  Texan 
specimens  the  hinge  area,  although  well  developed  and  mach  like  that 
of  Oerv^illiOj  is  foand  to  bear  no  transverse  cartilage  pits,  nor  iias  the 
hioge  proper  any  longitudinal  teeth  such  as  characterize  OervilHa.  The 
species  is  also  known  to  occur  in  the  Upper  Coal  Measures  of  dififerent 
parts  of  the  Mississippi  Valley. 

Genus  AVIGULOPKCTEN  McCoy. 

AVICULOPECTEN  OCOIDENTALIS  Sluimard  Sp. 

PI.  IV,  Fig.  1. 

Pecien  occidenialis,   Shumard,  First  and  Second  Kept.  Geol.  Survey  MJHSoiiri,  1805, 

part  2,  p.  207,  PI.  C,  Fig.  18. 
Pecton  ol^avelandicus  Hw Mow f  Trans.  St.  Louis  Acad.   Sci.,  vol.  1,  p.  IHl.     Compare 

with  A.  ooreyanus  White,  U.  S.  Geog.  and  Geol.  Surveys  West  of  l(K)th  Merid., 

vol.  4,  Part  i,  p.  147,  PI.  ii.  Figs,  la,  1ft. 

A  single  example  of  the  left  valve  of  this  well  known  species  was 
found  at  the  Military  Crossing  locality.  It  is  frcMiuently  found  in 
characteristic  Coal-Measure  strata,  and  it  has  also  been  published  as 
occurring  in  the  reputed  Permian  strata  of  Kausas  and  ^Nebraska. 

RADIATA. 

POLYPI. 

Genus  SYRlNGOrOUA  Goldfuss. 

Syeingopora 1 

A  considerable  number  of  specimens  of  a  species  of  Syringopora  were 
found  at  both  the  Camp  Creek  and  Godwin  Creek  localities.  They 
resemble  the  8.  mtdtattenuatus  of  McChesiiey,  from  the  Coal  Measures 
of  Illinois,  but  the  tubes  are  usually  smaller. 
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ARTICULATA. 
VERMES. 

Oeuus  SriHOBBIS  Lamarck. 

PL  III,  Fig.  17. 

Numerous  specimens  of  Spirorbis  were  found  attaclied  to  the  surface 
of  the  other  fossils  which  were  collected  at  the  Military  Crossing 
locality.  It  is  not  thought  necessary  to  give  a  specific  diagnosis  of 
it,  but  it  is  figured  for  the  purpose  of  i)resenting  as  complete  an  illus- 
tratiou  of  the  fauna  as  is  practicable. 

CRUSTACEA. 

Genus  OYTHEKE  Miillcr. 

Cytiiere  nebbascensis  Geinitz. 

PI.  IV,  Fig.  20. 

Cythere  V€hra8cen8i9  Goinitz,  Carbouforiuatioii  u.  Dyas  in  Nebranka,  p.  2,  PI.  T,  Fig.  2. 

The  fossiliferous  stratum  at  the  Military'  Crossing  locality  contains 
multitudes  of  a  small  Cythere  which  I  can  not  separate  specifically  from 
the  6\  nehriiscensia  of  Geinitz. 

GENERAL  DISCUSSION. 

It  will  be  seen  from  the  foregoing  descriptions  and  notes  that  of  the 
thirty-two  species  of  invertebrates  which  are  represented  in  the  collec- 
tions from  the  Texan  Permian  only  four  are  recognized  as  new,  all  of 
these  being  cephalopods,  and  all  belonging  to  the  family  Ammonoidea. 
The  other  species  have  been  previously  described  and  published,  or 
their  specific  identity  with  published  forms  is  in  doubt  because  of  the 
imperfection,  eitherof  the  specimens  in  hand  or  of  the  manner  of  describ- 
ing the  species  which  they  probably  represent.  Fifteen  of  the  spe- 
cies ar&  satisfactorily  recognized  as  Laving  been  previously  published. 
A  part  of  them  have  been  by  some  authors  referred  to  the  Permian,  but 
the  Coal-Measure  age  of  the  remainder  has  never  been  questioned. 
Some  authors  are  of  the  opinion  that  not  only  all  of  the  fifteen  species 
just  mentioned,  but  all  North  American  invertebrates  which  bave  ev(T 
been  referred  to  the  Permian  are  really  members  of  the  fauna  which 
characterizes  the  Coal-Meosure  period.  Indeed,  so  generally  has  this 
view  prevailed  during  the  last  twenty  years  that  it  is  probable  if  the 
new  cephalopods  before  mentioned  were  not  present  in  the  Texan  col- 
lections no  American  paleontologist  who  is  familiar  with  the  Coal- 
Measure  invertebrate  fauna  would  hesitate  to  refer  them  all  to  that 
periodt 
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So  large  a  proportion  of  the  invertebrate  species  which  have  been  ob- 
tained from  the  reputed  Permian  strata  in  North  America  occur  also  in 
characteristic  Coal-Measure  strata  that  no  satisfactory  separation  of 
thera  into  two  groups  has  hitherto  been  practicable  upon  the  evidence 
of  invertebrate  fossils,  and  stratigraphical  evidence  also  hivs  hitherto 
been  unsatisfactory.  The  collections,  however,  which  are  represented 
by  the  foregoing  list  and  descriptions,  although  consisting  mainly  of 
Goal-Measure  forms,  contain  at  least  two  types  which  are  so  generally 
regarded  as  indicating  the  Mesozoic  age  of  the  strata  containing  them 
that  if  they  alone  and  without  any  statement  of  correlated  facts  had 
been  submitted  to  any  paleontologist  he  would  not  have  been  war- 
ranted in  referring  them  to  an  earlier  period  than  the  Trias  if  he  had 
followed  the  usually  accepted  standard  of  reference.  These  two  forms 
have  been  described  on  preceding  pages  under  the  names  of  Waageno- 
ceras  cumminsi  and  Popanoceras  waUotti  respectively.  With  the  excep- 
tion of  Ammonites  parlceri  Heilprin,^  also  from  Texas,  similar  types 
have  not  before  been  found  associated  with  recognized  Carboniferous 
species  in  North  America. 

This,  however,  is  by  no  means  the  first  nor  the  most  important  dis« 
covery  of  Mesozoic  and  Paleozoic  types  so  commingled  as  to  indicate 
that  they  all  lived  contemporaneously,  and  that  they  were  all  members 
of  one  and  the  same  fauna.  The  remarkable  discovery  by  Prof.  Waagen 
ill  India  (op.  cit.)  of  many  moUuscan  species  belonging  to  Mesozoic 
ty|)es  and  associated  with  a  characteristic  Carboniferous  fauna  is  well 
known.  It  is  also  known  that  Mesozoic  characters  are  recogniza- 
ble among  some  of  the  Carboniferous  and  Permian  ceplialopods  of 
Armenia,  as  well  as  of  Russia  and  certain  other  parts  of  Europe;  and 
the  later  discovery  in  Sicily  by  Prof.  Geramellaro  (op.  cit.)  is,  ni»xt  to 
that  by  Prof.  Waagen  in  India,  the  most  important  of  its  kind.^  These 
discoveries  will  be  presently  further  referred  to,  but  I  wish  first  to  con- 
sider briefly  the  bearing  of  the  Texan  discovery  upon  the  question  of 
the  existence  of  the  Permian  in  North  America. 

The  siMJcial  interest  which  these  Texan  collections  possess  lies,  first,  in 
the  presence  of  the  two  cephalopods  of  Mesozoic  types  as  members  of 
an  invertebrate  fauna  composed  otherwise  of  Paleozoic  types;  second, 
in  the  association  of  these  invertebrates  with  a  vertebrate  fauna  com- 
posed mainly  of  Permian  types,  as  determined  by  Prof.  Cope;  third,  in 
the  known  superposition  of  the  formation  containing  these  faunas  upon 
characteristic  Coal-Measure  strata ;  and  fourth,  in  the  probable  absence 
of  the  Trias  in  the  region  where  the  Texan  Permian  ociuirs.  The  first 
point  of  interest  relates  to  the  piileontological  interdelinntation  of  the 
Mesozoic  and  Paleozoic,  and  the  second  and  third  to  the  assumed  Per- 
mian age  of  the  Texan  formation  from  which  the  collections  discussed 
in  this  bulletin  were  made.  The  fourth  point  of  interest  relates  to  the 
upper  delimitation  of  the  Texan  Permian. 

>Proc.  Acad.  Nat.  Sci.,  Pliilad.,  1884,  vol.  34,  p.  53. 
>  9^  flret  foot-Doto  on  p.  10. 
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TIk;  i>uleoiitolo;?ical  iutenlelimitatiou  of  the  Me«ozozic  and  Paleozoic 
a;;e.s  in  ^^eolopcal  Iiistory  has  loii[;  beeu  regarded  as  clearly  recognizable 
ill  all  \rdriA  of  the  world.  While  it  was  well  known  that  a  considerable 
iiiimlH:r  of  generic  forms,  especially  of  the  invertebrates,  occur  in  strata 
of  both  ages  re.si>ectively,  paleontologists  have  generally  regarded  it  as 
a  furidaijietital  fact  that  certain  orders,  families,  and  even  genera,  which 
]K)>.s(*s.s  certain  characteristics  of  structure  and  form,  were  rigidly  oon- 
lliieil  to  each  age  res|>ectively.  That  is,  they  believed  that  the  types 
winch  fall  into  the  one  category  all  ceased  to  exist  at  the  close  of  the 
Paleozoic  age,  and  that  no  nieniber  of  the  other  category  began  its 
existence  before  the  o]>eniiig  of  the  Mesozoic  age.  The  presence  of 
remains  belonging  to  either  the  one  or  the  other  of  thes^  categories  was 
therefore  reganled  as  atl'ording  unciuestiouable  proof  of  the  geological 
age  of  the  strata  containing  them.  Attempts  were  made  to  explain  the 
iirst  di.s<;overies  of  the  commingling  of  earlier  and  later  types  in  one  and 
the  same  stratum,  by  assuming  that  the  specimens  showing  earlier  types 
of  structure  were  derived  in  an  already  fossil  condition  from  preexisting 
strata  in  the  process  of  their  desiructiou  by  which  the  materials  for  new 
strata  were  produced. 

However  unphilosophical  those  views  concerning  the  chronological 
restriction  of  certain  types  may  appear  in  the  light  of  modern  biology, 
it  is  not  to  be  denied  that  until  within  comparatively  few  years  paleon- 
tological  observations  in  the  Held  seemed,  as  a  rule,  to  favor  them,  but 
such  discoveries  as  those  which  have  been  nmde  in  Indifi,  Sicily,  Russia 
and  Texas  show  conclusively  that  animals  belonging  to  both  categories 
which  have  just  been  indicated  lived  contemporaneously.  They  show 
that  some  of  those  forms  which  have  been  regarded  as  exclusively 
M<*so/oic  in  character  began  their  existence  while  yet  Paleozoic  forms 
were  far  in  the  ascendant,  and  also  that  many  Paleozoic  forms  sur- 
vive<l  their  earlier  associates,  and  lived  in  association  with  Mesozoic 
faunas.  In  the  following  general  remarks  upon  the  leputed  North 
American  Permian  reference  will  bo  made  to  the  bearing  which  the 
presenile  of  Mesozoic  types  in  the  Texan  Permian  has  upon  the  ques- 
tion of  its  true  geological  age. 

From  time  to  time  during  the  last  30  years  there  have  been  discus- 
sions among  geologists  as  to  whether  there  is  in  North  America  any 
true  equivalent  of  the  Permian  formation  of  Europe.  Some  writers 
have  been  uncompromising  in  their  advocacy  of  the  attirmative  side  of 
this  ({uest ion,  and  others  have  l>een  equally  positive  in  asserting  the 
negative.  Much  of  thisditrerenceof  opinion  hsis  arisen  from  imperfect 
knowledge  of  essential  facts,  and  much  from  want  of  acleardeliuition 
by  the  respective  writers  as  to  what  they  have  regarded  as  constituting 
equivalency  in  this  case.  Williin  the  last  few  years  much  addition  has 
been  mswle  to  our  knowledge  of  facts  bearing  upon  this  question,  and 
it  is  evi<lent  that  clearer  views  upon  it  are  now  generally'  held  than 
formerly  prevailed,  but  it  is  too  much  to  expect  tlijit  the  views  of  all 
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geolo{;:h.t8  should  even  now  fully  agree.  The  following  statement  pre- 
seuts  the  condition  of  this  question,  as  the  writer  understands  it  it 
is  given  to  enable  the  reader  to  understand  more  clearly  his  views, 
aud  the  reasons  for  the  conclusions  and  opinions  which  are  expressed 
in  this  bulletin. 

In  Europe  the  Carboniferous  system  is  understood  to  be  divided  into 
three  great  groups,  namely,  the  Lower  Carbom'ferous,  the  Coal  Meas- 
ures, and  the  Permian,  which  are  define^ble  from  one  another,  not  only 
by  paleontologicaly  but  by  stratigraphical,  characteristics.  In  North 
America  the  great  Carboniferous  system  is  quite  as  largely  developed 
as  in  Europe.  The  Lower  Carboniferous  and  Coal-Measure  groui)s, 
npou  both  stratigraphical  and  paleontological  grounds  are  as  clearly 
recognizable  and  distinguishable  from  each  other  in  some  parts  of  this 
<;ontinent  as  they  are  in  Europe,  but  the  Permian  has  hitherto  had  no 
such  undisputed  recognition.  Therefore,  the  question  now  to  be  con- 
sidereil  is,  whether  the  Permian  of  Euro[)e  has  really  an  e(]uivalent  any- 
where in  North  America,  and  if  so,  how  that  equivalency  is  recognizable. 
In  North  America  seven  regions  may  be  designated  within  which 
strata  occur  that  have  been,  by  different  authors,  referred  to  the  Per- 
mian. These  are:  (1)  southwestern  Pennsylvania  and  northern  West 
Virginia,  (2)  Prince  Edward  Island,  (3)  eastern  Illinois,  (4)  northeast- 
ern Kansas  and  southeastern  Nebraska,  (5)  South  Park,  Colorado,  (0) 
isolated  portions  of  New  Mexico,  Arizona,  Utah,  and  western  Coloraclo, 
and  (7)  northern  Texas,  together  with  the  adjacent  part  of  Indian  Ter- 
ritory. 

In  all  these  cases  there  seems  to  be  no  room  for  doubt  that  the  strata 
in  question  are  not  older  than  the  Upper  Coal  Measures,  iis  that  forma- 
tion is  distinguishable  in  North  America ;  but  aside  from  their  evi<h*nrly 
high  position  in  the  Carboniferous  system  their  recognition  as  IVrinian 
has  been  based  uiKm  difterent  kinds  of  evidence,  respectively.  In  the 
tirst  and  second  mentioned  cases  it  was  based  wholly  upon  plant  n^- 
mains;  in  the  third  U])on  vertebrate  remains;  in  the  fourth  u))on  in- 
vertebrate remains;  in  the  fifth  u])on  plants  and  insects,^  and  in  the 
Bixth  mainly  upon  stratigrai)hical  position.  The  evidence  in  favor  of 
the  recognition  of  the  strata  as  constituting  a  separate  formation  in  the 
seventh  case  is  presented  in  this  article. 

Two  diverse  ideas  seem  to  have  prevailed  in  the  minds  of  those 
who  have  considered  the  question  of  the  recognition  of  the  rerniian 
ill  North  America.  On  the  one  hand  the  discovery  on  this  continent 
of  remains  belonging  to  generic  or  other  types  of  vertebrate,  inverte- 
brate, or  plant  life,  which  are  respectively  similar  to  forms  found  in 
the  European  Permian,  has  been  regarded  by  some  authors  as  surely 
indicating  in  each  separate  case  the  Permian  age  of  the  strata  contain- 
ing them,  even  if  they  were  without  any  knowledge  of  eorrelat(»d  facts, 


*Th«'i*«  iDMCtH  liav©.  however,  In^n  riTerrwl  to  the  THaa  by  S.  M.  SoinM«»r,  altlimuh  iln'V  .in'  :immii- 
pitcd  with,  perhaps  Uio  miiMt  chaructori«nc  IVrinuiii  tluni  that  Um  )ici>ii  ili.HCovmMl  iM)  U)'h  cmwV'wu'VV. 
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whether  paleontological  or  stratigraphical,  or  they  formed  that  opinioa 
withoat  regard  to  them  if  known.  On  the  other  hand,  it  has  been  con- 
tended that  no  definite  recognition  of  the  Permian,  even  in  the  first- 
mentioned  cases,  ought  to  be  made  until  after  due  consideration  of  all 
obtainable  correlated  paleontological  and  stratigraphioal  facts;  and 
not  then  unless  the  preponderance  of  all  that  evidence  should  plainly 
favor  such  recognition. 

The  unteuableness  of  the  position  indicated  in  the  case  first  stated 
18  shown  by  the  facts  mentioned  in  preceding  paragraphs  of  the  occur- 
rence in  one  and  the  same  stratum  of  forms  which  have  been  held  to 
be  characteristic  of  separate  geological  periods,  and  even  of  separate 
ages.  It  is  conspicuously  shown  in  the  case  of  the  Texan  formation, 
which  is  si>ecially  discussed  in  this  bulletin,  because  both  its  Uoal- 
JVIeasure  age  and  its  Triassic  age  can  l)e  even  more  readily  proved,  in 
an  ex  parte  way,  by  special  selections  from  its  fossils,  than  its  Permian 
age.    And  yet  the  sum  of  all  the  evidence  is  in  favor  of  the  latter. 

The  following  paragraph  from  the  work  of  Profs.  William  M.  Fon- 
taine and  I.  0.  White^  tersely  states  the  principle  which  ought  to  govern 
the  investigator  in  these  cases,  although  it  was  written  only  with  refer- 
ence to  the  Permian  age  of  the  flora  which  they  were  then  investigating : 

It  18  good  evidence  that  wo  have  to  deal  with  a  more  recent  formation  when  we 
find  it  U)  hIiow  a  decadence  of  old  forms  and  an  introduction  of  new  ones  destined  to 
reach  their  culmination  at  a  later  period.  Thns  if  we  find  in  a  series  of  loeks  plants 
ch:ira<'ti*ri8tic  of  the  CarVonifcrouM  formation,  and  perceive  that  these  die  oat  and 
disappciir,  we  Hhould  not  conclude  from  their  mere  preHcnce  that  the  age  of  the  strata 
is  Carbon iferouB,  but  rather  that  it  is  Permian.  So  also  the  finding  of  genera  and 
specicR,  even  identical  with  thoscof  the  Trias  or  Jurassic  would  not  necessarily  imply 
a  Triassic  or  Jurassic  age.  If  wc  find  them  to  be  exceedingly  rare,  their  presence  is 
rather  indicative  of  a  formation  older  than  the  Trias  or  the  Jurassic. 

It  is  only  by  taking  into  consideration «all  the  abovo-uaniod  characters,  and  other 
points  which  may  ho  presented  by  the  entire  body  of  specimens,  that  we  can  deter- 
mine the  nature  of  the  evidence  offered  by  the  life  of  a  formation.  It  will  not  suffice 
to  say  arbitrarily  that  this  or  that  feature  is  without  value  as  evidence.  Circuni> 
stauces  might  reverse  the  normal  relative  weight  of  evidence  from  the  several  sources 
and  give  preponderating  weight  to  what  would,  if  nnafi'ected  by  them,  have  slight 
value. 

Besides  the  observance  of  the  principle  enunciated  by  those  authors, 
the  investigator  should  remember  the  entire  improbability  that  forms 
representing  any  distinguishing  fauiml  or  floral  type  have  ever  been 
simultaneously  introduced  in  all  parts  of  the  world,  and  the  now  no 
less  evident  fact  that  forms  representing  certain  types  in  some  parts  of 
the  world  long  survived  their  extinction  in  other  parts.  He  should 
also  bear  in  mind  the  now  evident  fact  that  the  rate  of  progressive  de- 
velopment of  vertebrate,  invertebrate,  and  plant  life  respectively  has 
not  been  uniform  in  all  parts  of  the  world.    It  therefore  ought  not  to 

>  rcrroiaii  or  Upper  Carb.  Flora  of  West  Virginia  and  S.  W.  Pcnnsylvauia.  Second  Geol.  Sorre^ 
Ta.,  lUpt.  l»rog.  I*P.  1880,  pp.  109,  110. 
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be  exi>ected  that  precisely  the  same  association  of  tyx>es  woald  be  found 
on  this  continent  that  is  found  in  Europe  and  elsewhere. 

The  difference  of  opinion  which  has  prevailed  concerning  the  exist- 
ence of  the  Permian  in  Korth  America  has  been  shared  even  by  those 
who  recognize  the  importance  of  considering  all  the  facts  which  bear 
upon  each  case  of  assumed  equivalency  of  North  American  strata  to 
the  Permian  of  Europe.  Some  have  believed  that  it  should  be  strictly 
chronological  as  regards  the  whole  of  a  given  formation,  while  others 
claim  that  the  most  we  can  reasonably  assume  in  any  case  is  approxi- 
mate contemporaneity,  and  all  that  we  can  ever  certainly  know  in  such 
cases  is  the  homotaxial  relation  of  formations  with  one  another  in  dif- 
ferent parts  of  the  world,  respectively.  The  scope  of  this  bulletin, 
however,  will  admit  of  only  a  partial  discussion  of  those  views. 

If  all  the  time  which  is  represented  by  the  entire  Carboniferous  sys- 
tem in  Europe  is  represented  by  the  entire  Carboniferous  system  of 
North  America,  the  Permian  of  Europe  must  necessarily  have  a  com- 
plete time  equivalent  somewhere  on  this  continent.  If  that  system  is 
everywhere  incomplete  at  the  upper  liitiit  on  this  continent,  and  the 
same  is  complete  in  Europe,  it  necessarily  follows  that  the  stratigraph- 
ical  time  equivalent  of  the  European  Permian  is  either  absent  or  in- 
complete in  North  Anieric<a.  But  all  the  known  facts  which  bear  upon 
this  case  are  of  such  doubtful  value  in  their  application  to  the  question 
of  strict  chronological  equivalency  that  it  seems  to  be  unprofitable  to 
discuss  it.  Therefore  the  only  question  that  remains  to  be  considered 
iu  this  connection  is  that  of  homotaxy. 

The  question,  even  after  being  reduced  to  these  limits  is  a  complex 
one,  for  it  still  involves  the  consideration  of  conllicting  or  disagreeing 
paleontological  evidence,  as  well  as  a  recognition  of  upper  and  lower 
delimiting  boundaries  of  the  formation.  Besides  this,  formulary  tax- 
onomy has  no  real  existence  because  geological  systems  are  not  sub- 
divisible into  the  same,  or  even  similar,  units  in  widely  separated  parts 
of  the  world.  Still  there  can  be  no  good  reason  for  doubting  that  there 
are  in  various  parts  of  North  America  strata  which  are  homotaxially 
equivalent,  at  least  in  part,  to  the  Permian  of  Europe.  But  it  is  e<iually 
true  that  much  of  the  reputed  North  American  Permian  can  not  be 
satisfactorily  separated  from  the  Coal  Measures,  and  even  those  strata 
which  have  been  separated  more  or  less  satisfactorily  are  found  to  be 
80  intimately  related  to  the  Coal  Measures  as  to  make  the  lower  limit 
indefinable.' 

Heretofore  also  it  has  been  impracticable  to  say  whether  the  upper 
limit  of  the  Carboniferous  system  in  North  America  is  complete  or  not. 
For  example,  none  of  the  reputed  Triassic  strata,  which  occur  in  various 


In  view  of  the  last  mentioned  condition  several  Aniurican  and  European  wriU^rs  have  applie<l  the 
compromiainf;  term  "  Permo-carboniferous  *'  to  tliat  nndotiiiablo  upper  portion  of  tlie  CarbonifurouH 
■yttein.  Unfortunately,  however,  aomo  American  authorH  have  of  late  applied  that  Utrm  to  th«  wliolo 
Cvboniferoua  series,  peeminf:  thereby  to  imply  that  the  soritM  imlmlutt  an  lu»eparallo  equivalent  uf 
UePermiMiT  as  well  as  of  the  zemaiuder  of  (he  Carboniferous  system. 
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parts  of  the  continenti  have  been  found  in  saoh  relation  to  the  reputed 
Permian  as  to  indicate  that  there  was  continaons  sedimentation  from 
the  one  formation  to  the  other;  nor  have  those  Triassio  strata  been 
foaud  to  contain  any  eonolnsive  paleontological  evidence  of  their  imme- 
diate succession  to  the  Permian.  Indeed,  as  regards  the  remains  of  in- 
vertebrato  lifCi  the  existence  of  any  Triassic  strata  in  North  America 
rests  upon  comparatively  slight  evidence;  slighteri  indeed,  than  it 
might  have  seemed  to  be  before  the  discovery  of  Triassic  typos  asso- 
ciated  with  well  known  Oarboniferons  forms.  ^ 

The  conflicting  character  of  a  part  of  the  evidence  aflforded  by  the 
reputeil  North  American  Permian  as  to  its  age  has  already  been  shown, 
but  there  is  an  important  case  of  want  of  harmony  of  different  portions 
of  certiiin  accepted  paleontological  evidence  that  deserves  mention. 
In  Prof.  Cope's  Systematic  Oatalogue  of  the  Permian  vertebrate  firana 
of  North  America,'  ho  shows  that  these  remains  have  been  discovered 
mainly  in  two  limited  districts,  one  in  eastern  Dlinois  and  the  other  in 
Texas.  His  catalogue  also  shows  that  of  the  seventy-six  species  enu- 
merated not  one  is,  and  of  the  thirty-two  genera  only  five  are,  common 
to  the  two  divisions.  He  also  says  that  ^*  the  Permian  vertebrate  fauna 
of  Illinois  and  Tezas^  exhibits  close  parallels,  but  not  yet  generic  iden- 
tity, on  this  continent." 

On  the  contrary,  the  marine  invertebrates  which  characterize  the 
North  American  Coal  Measures,  a  part  of  which  usually  range  up  into 
the  reputed  Permian,  are  widely  *  distributed  on  this  continent,  and 
their  geographical  range  includes  both  the  Illinois  and  Texan  verte- 
brate localities.  That  is,  the  invertebrate  fauna  referred  to  is  uniform 
over  a  region  in  which  the  vertebrate  fauna  is  diverse.  In  all  the  ver- 
tical and  geographical  range  of  these  invertebrate  fossils  there  has 
been  observed  no  evidence  of  the  decadence  of  old  forms  such  as  would 
be  taken  to  indicate  an  approaching  close  to  the  geological  period* 
which  they  have  especially  characterized ;  and  it  is  only  in  the  case  of 
the  Texan  Permian  that  an  introduction  among  them  of  new  forms 
has  yet  been  observed  which  might  be  regarded  as  forerunners  of  a 
new  one. 

Finally,  while  it  is  freely  admitted  that  a  considerable  number  of  the 

^  The  TriiiAsio  chnraoter  of  a  part  of  tho  Permian  fauna  of  Texas  has  boon  siifncieutly  stated,  bai  it 
is  alHO  tra»  that  certain  Carlton iforous  types  occur  in  tho  Meekocoras  beds  of  aontheastom  Idaho. 
Besides  thin  those  beds  appear  to  have  an  iutiniato  stratijiraphicnl  relation  to  the  characteristic  Our* 
boniferouH  strata  bcncnth  tliem.  Add  to  th(^e  facts  tho  further  one  that  types  similar  to  tiioso  ^hich 
have  been  relied  upon  in  roferrin^  the  Idaho  beds  to  the  Middle  Trias  also  occur  in  nndiKputed  Car- 
boniferous strata,  and  it  Hr*eni8  possible  that  those  reputed  Triassic  beds  ought  to  be  referred  to  t)io 
Tonnlan  ratlior  than  to  tho  Trias. 

>  Trans.  Am.  Philus.  Soc.,  188S,  vol.  18,  pp.  28&-288. 

«U.  S.  Gool.  Survey  Terr..  1884,  vol.  3,  p.  25. 

*  It  has  been  pointed  out  by  some  authors  that  certain  of  the  Brachiopods,  and  other  species  which 
characteriKo  the  Coal  Measures,  have  never  been  found  in  any  of  the  reputed  Permian  strata,  and  it 
seems  to  have  been  assumed  that  their  absence  was  due  to  a  final  decndence  of  those  forms  Ijefore  tho 
Permian  period  was  reachiMl.  It  seems,  however,  not  at  all  unreasonable  to  infer  that  interveuini; 
C'Onditions  diffvrentlj*  affected  certain  of  the  classes  pf  ajumals  then  livin;;,  in  copHO<jueuce  of  whicU 
$,hey  were  diflereutly  dispersod. 


wiimL)  THE   NOBTH   AMERICAN   PERMIAN.  37 

invertebrate  species  which  characterize  the  Permian  of  Europe  have 
closely  related  representatives  on  this  continent,  it  should  not  be  for- 
gotten that  the  latter  are  as  characteristic  of  our  undisputed  Goal  Meas- 
ures as  they  are  of  the  reputed  Permian.  Even  if  those  forms  are  really 
specifically  identical  on  the  two  continents  it  does  not  necessarily  prove 
the  contemporaneity  of  the  respective  formations  containing  them. 
In  fact  those  formations  must  necessarily  be  of  a  difference  in  age  equal 
to  the  time  required  by  the  geographical  distribution  of  the  species. 

The  recognition  of  the  Permian  in  Texas  as  a  separate  upper  group  of 
straCa  belonging  to  the  Carboniferous  system  is  based  upon  both  strati- 
graphical  and  paleontological  evidence,  and  this  evidence  is  fuller  than 
that  which  has  been  adduced  in  favor  of  any  other  reputed  Permian 
strata  of  North  America.  First,  it  contains  invertebrate  species 
which  have  been  referred  to  the  Permian  in  other  districts  northward 
from  Texas,  some  of  which  are  closely  related  to  Permian  species 
of  Europe.  Second,  it  contains  the  large  vertebrate  fauna  pub- 
lished by  Prof.  Obpe  which  he  regards  as  characteristically  Permian. 
Third,  the  Texan  formation  evidently  constitutes  an  upper,  appar- 
ently the  uppermost,  portion  of  the  Carboniferous  system.  Fourth, 
the  lithological  difference  between  this  formation  as  a  whole  and  the 
Coal  Measures  beneath  it,  while  not  great,  is  suiliciently  marked  to 
make  it  conveniently  distinguishable  by  the  eye.  Besides  this  the 
Mesozoic  element  which  has  been  shown  to  exist  among  the  inverte- 
brates of  the  Texan  Permian  may  properly  be  regarded  as  holding  an 
opposite  relation  to  the  Paleozoic  element,  and  thus  to  suggest  a  bal- 
ance of  paleontological  evidence  in  favor  of  the  Permian  age  of  the  for- 
mation. ^ 

The  present  state  of  our  knowledge,  or  of  warranted  opinion,  as  to  the 
existence  of  the  Permian  formation  in  North  America  may  be  summed 
up  briefly  as  follows : 

Although  in  the  region  traversed  by  the  Mississippi  River  the  two 
earlier  divisions  of  the  Carboniferous  system,  namely,  the  Lower  Car- 
boniferous and  the  Coal  Measures,  are  as  clearly  recognizable  as  they 
are  in  Europe,  in  many  parts  of  this  continent  where  Carboniferous 
strata  are  largely  developed  no  separate  recognition  of  either  of  those 
divisions,  or  of  the  Permian,  is  practicable. 

In  those  regions  where  the  Coal  Mea^sures  or  their  equivalent  are 
recognizable  certain  strata  are  sometimes  found  resting  upon  them 
which  have  been  referred  to  the  Permian,  but  those  strata  are,  as  a 
rule,  not  distinctly  separable  from  the  Coal  Measures  upon  either  strati- 
graphical  or  paleontological  grounds.  That  is,  no  distinct  stratigraph- 
ical  plane  of  demarkation  between  the  Coal  Measures  and  the  reputed 
Permian  is  observable.    Besides  this,  many  of  the  common  Coal-Meas- 

'It  hi  admitted  that  tho  valae  of  this  snggestion  is  somewhat  lessened  by  the  known  presence  of  the 
AmmoniUs  parkeri  of  Heilprin  in  tho  anderlying  Texan  Coal  Measures,  and  by  the  presence  of  sinii- 
Iw types  beneath  the  Permian  in  certain  parts  of  the  Old  World.  Still,  such  forma  as  Waagtnoeeraa 
mmminn  may  properly  bo  regarded  as  immediate  harbingers  of  the  Mesozoic  age. 
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iiro  species  range  np  into  those  Permian  strata,  and  many  acknowledged 
Perpuan  types,  according  to  the  European  standard,  uccnr  in  the  an- 
questioned  Coal-Measnre  strata  beneath  them. 

The  npper  limit  of  the  Garboniferons  system  and  the  lower  limit  of 
the  Trias  have  never  been  clearly  recognized  npon  this  continent,  and 
it  is  therefore  not  now  known  that  either  of  these  systems  are  here  at 
any  poiiit  complete  in  that  respect  Bnt  the  npper  limit  of  the  Gar- 
boniferons system  is  known  to  be  incomplete  at  most  places  where 
strata  of  that  age  occur. 

A  large  part  of  the  North  American  strata,  which  various  authors 
have  referred  to  the  Permian,  have  no  valid  claim  to  be  either  so  con- 
sidered or  to  be  considered  as  separate  fropi  the  Upper  Goal  Measures. 
But  a  part  of  them  may  reasonably  bo  assumed  to  be  homotazially 
equivalent  with  at  least  a  part  of  the  European  Permian,  although  their 
delimitation  ttom  the  Goal  Measures  may  in  most  cases  be  difficult  or 
impracticable. 

The  evidence  upon  which  the  Texan  strata  have  been  referred  to  the 
Permian  is  fuller  than  that  which  has  been  adduced  with  regard  to 
any  other  North  American  strata  that  have  been  so  referred.  That  is, 
the  evidence  both  of  the  vertebrate  and  invertebrate  fossils  is  in  &vor 
of  such  reference,  and  the  difference  in  the  character  of  the  strata  ttom 
those  of  the  underlying  Goal  Measures,  although  not  great,  is  conven- 
iently distinguishable.  Still,  it  is  true  that  the  Texan  Permian  strata 
bear  many  Goal-Measure  invertebrate  species,  and  that  its  flora  at 
present  is  unknown. 

In  the  foregoing  discussions  I  have  referred  to  the  discovery  of  a 
molliiscan  fauna  in  Texan  strata  which  contains  both  Mesozoic  and 
Coal-Measure  types  as  indicating  that  those  strata  are  later  in  their  ori- 
gin than  the  Coal  Measures ;  or,  in  other  words,  that  they  are  of  Per- 
mian age.  While  I  think  such  a  conclusion  is  correct  in  this  case,  es- 
pecially when  correlated  fjicts  are  considered,  it  is  by  no  means  certain 
that  Mesozoic  forms  similar  to  those  found  in  the  Texan  strata  were 
not  introduced  at  a  still  earlier  Carboniferous  period  than  that  which 
the  Texan  fauna  is  understood  to  represent. 

That  is,  in  view  of  our  present  knowledge  of  those  Indian  aud  Sicil- 
ian faunas  that  have  been  referred  to  on  preceding  pages,  it  seems 
probable  that  a  considerable  number  of  their  Mesozoic  moUuscan  types 
were  really  introduced  in  those  parts  of  the  world  at  an  earlier  epoch 
than  the  Permian.  I  am  not  now  prepared  to  express  a  definite  opinion 
npon  this  subject,  bnt  after  examining  the  published  works  of  Profs. 
Waagen  and  Gemmellaro,  I  am  inclined  to  think  that  the  strata  from 
which  they  respectively  obtained  their  commingled  Mesozoic  and  Car- 
boniferous forms  are  homotaxially  equivalent  to  the  Upper  Coal  Meas- 
ures of  North  America,  which  strata  belong  beneath  the  Texan  Per- 
mian. 
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In  all  fhe  preceding  disoassions,  as  well  as  in  the  last  paragraph,  I 
have  referred  to  certain  of  the  molhisca  of  the  Indian,  Sicilian,  and 
Texan  faunas  as  being  of  Mesozoic  types,  and  in  accordance  with  the 
generally  accepted  views  of  paleontologists  it  is  entirely  proper  to  do 
80,  bat  it  is  not  to  be  denied  that  a  part  of  the  genera  which  have  been 
recognized  among  those  faunas  have  not  yet  been  discovered  in  any 
other  faunas,  or  in  any  other  geological  horizon  than  that  of  the  upper 
portion  of  the  Carboniferous  system.  In  view  of  this  fact  the  pro- 
priety of  positively  referring  the  types  mentioned  to  the  Mesozoic  rather 
than  to  the  npi>er  portion  of  the  Carboniferous  may  well  be  questioned. 
That  is,  it  seems  to  bo  probable  that  while  there  is  no  error  in  re- 
ferring a  part  of4;hose  commingled  forms  to  the  Paleozoic  and  a  part  to 
the  Mesozoic,  it  is  likely  that  certain  members  of  those  faunas  which 
will  be  found  to  be  characteristic  of  the  upper  portion  of  the  Car- 
boniferous system  rather  than  of  the  earlier  Mesozoic 
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PLATE  I. 

Meducottia.  copRi  (page  21). 

Fif^.  1.  Lateral  view  of  an  imperfect  example. 
Fig.  2.  Diagrammatic  sectiou  of  the  volutious. 
Fig.   3.  Septal  satnre. 

Waagenockras  cuMMiNSi  (page  20). 

Fig.    4.  Lateral  view  of  a  small  example. 

Fig\  r>.  Peripheral  view  of  the  same. 

Fig.\6.  Lateral  view  of  a  larger,  imperfect  example. 

Fig.    7.  View  of  septnm  of  a  still  larger  example. 

Fig.    8.  Septal  suture  of  the  same. 

POPANOCERAS  WALCOTTI  (page  21). 

Fig.    9.  Lateral  view  of  a  small  example. 
Fig.  10.  Peripheral  view  of  the  same. 
Fig.  11    Septal  view  of  the  same. 
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PLATE  11. 

GomATITKS  BAYL0RKN6LS  (page  19.) 

Fig.  1.  Lateral  view. 

Fig.  2.  Outline  showing  general  form  by  peripheral  view. 

Fig.  3.  Septal  suture. 

Nautilus T  (page  24). 

Fig.  4.  Lateral  view  of  an  imperfect  example. 

Fig.  5.  Outlineof  outer  volution  ;  restored  from  imperfect  examples. 

Fig.  G.  Septal  sutures  from  a  broken  example. 

Nautilus T  (page  24). 

Figs.  7,8,9.  Different  views  of  a  portion  of  a  natural  cast  of  interior  of  the  shell. 
Fig.  10.  Outline  of  transverse  section  of  a  larger  example,  probably  belonging  to  this 

species.    Both  examples  are  from  Godwin  Crook.    Compare  with  Figs.  6, 

7,8.    PLin. 

Nautilus  ogcidrntalis  (page  23). 

Fig.  11.  Peripheral  view  of  a  fragment  of  a  natural  cast  of  the  interior  of  the  sholL 
Fig.  12.  End  view  of  the  same,  showing  septum  and  siphuncle. 

Nautilus  (Endolobus) T  (page  24). 

Fig.  13.  View  of  a  fragment  showing  the  small  median  lobe  at  the  inner  border  of  the 
septum. 

Orthoceras  rusiiensis  (page  22). 

Figs.  14, 15.  Lateral  view  of  two  fragments  showing  septa. 
Fig.  10.  Similar  view  of  a  small  example. 
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PLATE  IIL 

Nautilcb  winslowi  (p«ge23). 

Figs.  1,  *2.  Two  viewB  of  ft  small  exftmple  showing  nanMrons  small  lateral  lobea. 
Fig8.  3-5.  Diiferont  views  of  three  different  examples  showing  varation  as  regards 
sarfiuo  features. 

Nautilus f  (p»g«  23). 

Fig.    (>.  Lateral  Tiew  of  a  very  imperfect  natural  cast  of  the  interior  of  the  shell. 
Figs.  7,  8.  Two  views  of  another  example.    Both  examples  are  from  Military  Cross- 
ing.   Comiuuv  with  Figs.  7-lQ,  PI.  II. 

EuouPiiALUs  sungUADHATUS  (page  25). 

Fig.   1>.  Apical  view  of  a  large  example,  somewhat  distorted  by  pressure. 

NATici>rsi8  R£MGX(paged4). 

Fig.    to.  Upper  view  of  a  natural  cast  of  the  interior  of  the  shclL 

Naticopsis  siiuuAKDi  (page  d4). 

Fig.    11.  Lateral  view. 

MrRcmsoNiA 1  (pai;<^  '-^O* 

Figs.  10.13.  Laionil  vio\\  of  twot'\;iiii]»los  showing  iliiK-ivuce  iu  surface  oriiaDieiii a- 
tioii. 

Pa t  i:  i.la  ?  v  p.i go  •J,'*  "^ . 

Fi*.    II.  !V»t>;ii  \  :*\v  a  r.  li  ss'.r  faro  oni  lit  0  of  iransviTbo  s^ootiou. 

1»KI  l.KKorib»N    MoM  KOI.  HAMS     JMj:**  iV^. 

Fic^.  1"'.  Ik    Two  viow*  of  a  Mi^all  os.aini»!o. 

F"g.    17.  ri»iHT  \io\T.  ir.;*oh  vnlargtM. 

All  r:;i;u>  of  ualiiial  m<:o  iicoi»i  \\iv  l^>\.  whii  li  i»  u:ucli  enlarged. 
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PLATE  IV. 

AyiODLOPBOTEK  OOGEDBIITALU  (pag^W). 

Fig.   1.  Left  TalYAi 

GasvnxiA  loitcia  (page  99). 
Fig.  fL  Left  jdde  view. 

CUDOFHOBUS  OOOIDXMTAIJS  (pegeS^.) 

Fig.   a  Bight  dde  view. 

TOLDIAf  0UB8OITULA  (Pag^  S7.) 

Fig.  4.  Left  aide  Tlew. 


PLBUBOFHOBU8- 


Fig.   5.  Leftside  view  of  ft  natnndoMt  of  the  interior  of  the  shell. 

Fig.   6.  Dorsal  view  of  the  same. 

Figs.  7,  8.  Bight  side  view  of  the  two  natural  oasts  of  the  interior  of  the  shelL 

Fig.  9.  Similar  view  of  another  broader  example. 

Fig.  10.  Bight  side  view  of  an  artificial  casti  showing  sorflsee  markings. 

BBDOWionA  TOPKKAKMSie  (page  96). 

Fig.  11.  Lateral  Tiew  of  a  natural  cast  of  the  interior  of  a  left  yalTS. 

Mtauna  ayiculoidbs  (page  2&) 

Fig.  12.  Bight  side  view  of  a  natural  oast  of  the  interior  of  the  shelL 

Mtauna  perattbnuata  (page  28.) 

Fig.  13.  Left  side  view  of  an  example  from  Camp  Creek.  . 
Fig.  14.  Bight  side  view  of  an  example  fVom  Godwin  Creek. 
Fig.  15.  Similar  view  of  an  example  from  Military  Crossing. 

Myalina  permiana  (page  28.) 

Fig.  16.  Left  side  view  of  an  example  f^om  Godwin  Creek! 
Fig.  17.  Bight  side  view  of  an  example  from  Camp  Creek. 
Figs.  18, 19.  Bight  and  left  side  views  of  two  examples  from  the  Military  Crossing. 

CYTHERR  NEBRA8CEN8I8  (pSgO  30.) 

Fig.  20.  Lateral  view  and  vertical  outliney  much  enlarged.    All  except  Fig.  20  are 
of  natural  size. 
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PREFACE 


This  bulletin,  like  the  balletins  issoed  in  previous  years  and  num- 
bered 9,  27,  42,  55,  60,  and  64,  contains  a  partial  record  of  work 
completed  in  the  chemical  and  physical  laboratories  of  the  Survey 
during  one  fiscal  year.  It  represents,  however,  only  a  portion  of  the 
whole  work  done,  for  various  investigations,  begun  during  the  year 
1889-'90,  are  still  unfinished;  many  analyses  are  reserved  for  pub- 
lication in  other  reports;  and  certain  of  the  larger  researches,  nota- 
bly the  physical  studies  of  Dr.  Barus,  will  appear  in  independent  form 
as  separate  bulletins.  In  the  annual  reports  of  the  Director  of  the 
Survey  a  tolerably  complete  summary  of  the  work  done  in  the  Division 
of  Chemistry  and  Physics  is  always  given,  and  such  summaries,  taken 
in  connection  with  these  bulletins,  convey  a  fair  idea  of  the  amount  of 
ground  actually  covered. 
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WORK  DONE  IN  THE  DIVISION  OF  CHEMISTRY  AND 

PHYSICS  IN  1889-m 


EXPERIMENTS    UPON    THE    CONSTITUTION    OF    THE    NATURAL 

SILICATES. 


By  p.  W.  Olabkb  and  B.  A.  Sohneidhr. 


Daring  the  last  six  years  the  constitution  of  the  nataral  silicates 
has  received  a  good  deal  of  attention  in  the  laboratory  of  the  U.  S. 
Geological  Survey.  A  number  of  papers  have  been  published  by  one 
of  us,  partly  theoretical  and  partly  analytical,  but  the  evidence  so  far 
considered  has  been  drawn  only  from  careful  analyses  of  various  min- 
erals, and  a  study  of  their  obvious  relations,  their  associations,  and 
their  alteration  products.  Within  certain  limits  the  results  obtained 
have  been  satisfactory  and  suggestive,  but  in  several  cases  it  was  found 
that  ordinary  analysis  failed  to  discriminate  between  possible  alterna- 
tive formula,  and  it  was  plain  that  the  uncertainties  could  be  cleared 
up  only  by  new  lines  of  experimental  investigation.  With  such  inves- 
tigations the  present  paper  has  to  do.  Sixteen  minerals,  Including  va- 
rieties, all  of  the  magnesian  class,  have  been  examined,  and  it  has 
been  found  quite  possible  to  separate  some  of  them  into  distinct  frac- 
tions of  definite  character  in  such  a  way  as  to  shed  much  light  upon 
their  inner  chemical  structure.  In  general  the  methods  which  have 
been  employed  by  us  are  not  new,  except  in  their  application  to  the 
silicate  problem,  but  in  their  analogies  to  the  processes  used  for  the 
elucidation  of  organic  compounds  we  believe  that  they  will  be  found 
interesting. 

In  brief  our  mode  of  procedure  has  been  as  follows:  First,  each  min- 
eral, selected  and  purified  with  great  care,  has  been  completely  an- 
alyzed, and  in  each  case  enough  material  was  ground  to  a  uniform  sam- 
ple to  suffice  for  all  subsequent  experiments.  Secondly,  each  mineral 
has  been  subjected  to  the  action  of  dry  hydrochloric  acid  gas  under 
quantitative  conditions.  For  this  purpose  a  quantity  of  material  was 
weighed  out  in  a  platinum  boat,  which  was  then  placed  in  a  glass  tube 
mA  heated  in  a  stream  of  the  dry  gas  until,  after  repeated  weighings, 
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constant  weight  was  attained.  The  sample  was  then  treated  with  water 
and  a  drop  or  two  of  nitric  acid,  and  the  soluble  constituents  of  the 
mass  were  determined  by  the  usual  methods  of  analysis.  In  every  in- 
stance a  sample  was  thus  treated  at  a  temperature  between  383^  and 
412^  G.J  but  in  some  cases  other  temperatures  were  studied  also.  For 
heating  the  tubes  an  ordinary  combustion  furnace  was  used,  and  the 
temperature  was  kept  within  the  indicated  range  by  placing  on  one 
side  of  the  platinum  boat  a  sealed  capillary  tube  containing  lead  iodide, 
melting  point  383^=^,  and  on  the  other  side  a  tube  containing  zinc,  which 
fuses  at  412^.  The  flames  of  the  furnace  were  then  so  adjusted  that 
the  iodide  fused,  while  the  zinc  did  not  For  a  higher  range  of  tem* 
peratureSf  which  was  employed  in  some  cases,  the  indicators  similarly 
used  were  lead  chloride,  m.  p.  498^,  and  silver  iodide,  m.  p.  527^.  These 
melting  points  are  given  according  to  Oarnelley.  As  a  rule,  in  each 
series  of  experiments  the  sample  under  treatment  was  weighed  every 
two  hours,  anJbefore  reheating  was  stirred  with  a  fine  platinum  wire  in 
order  to  expose  a  fresh  surface  to  the  action  of  the  acid.  By  this  mo<le 
of  treatment  different  minerals  are  very  differently  affected,  there  being 
almost  no  action  in  some  cases,  and  very  notable  action  in  others. 
With  this  action  of  gaseous  acid,  the  action  of  aqueous  hydrochloric 
acid  upon  each  mineral  was  carefully  compared,  and  some  points  of 
great  importance  were  thus  brought  out.  As  a  rule  one  gramme  of 
mineral  was  treated  with  75cm'  of  fuming  hydrochloric  acid  on  the  water 
bath,  and  the  mixture  was  evaporated  to  dryness.  When  decomposi- 
tion was  not  complete,  the  mineral  was  further  treated  with  hydro- 
chloric acid  of  sp^  gr.  1*12  for  three  days  or  even  longer,  and  the  amount 
of  action  was  ascertained  and  recorded.  In  several  instances  this 
treatment  with  aqueous  acid  was  repeated  after  strong  ignition  of  a 
mineral,  and  it  was  sometimes  found  that  a  species  previously  soluble 
could  be  thus  split  up  into  a  soluble  and  an  insoluble  part.  In  a  num- 
ber of  cases  ignition  of  a  mineral  caused  the  liberation  of  silica,  which 
could  afterward  be  dissolved  out  with  soda  solution  and  quantitatively 
determined.  For  this  purpose  a  solution  of  sodium  carbonate,  250 
grammes  to  the  litre,  was  employed.  Finally,  in  almost  every  case  the 
nature  of  the  water  in  a  mineral  was  investigated,  by  a  study  of  the  tem- 
peratures at  which  its  several  fractions  were  expelled.  For  low  tem- 
peratures, an  ordinary  air  bath  was  used ;  for  higher  temperatures  the 
minerals  were  heated  in  a  stream  of  dry  air,  between  indicators  of  known 
melting  points,  just  as  in  the  treatment  with  gaseous  hydrochloric  acid. 
So  much  for  the  methods  of  research,  which  will  be  more  clearly 
understood  from  a  study  of  the  details  to  be  given  presently.  On  the 
theoretical  side  we  have  adhered  to  the  working  hyiK>the8is  that  the 
more  complex  silicates  are  substitution  derivatives  of  normal  salts,  as 
has  been  suggested  by  one  of  us  in  several  earlier  publications.  From 
this  point  of  view  the  normal  orthosilicate  of  magnesium  is  the  fittest 
^tortiD^pomt  for  discussion,  and  this  salt  is  approximately  represented 
1{F  olivine.    The  purer  forsterite  was  not  available. 
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For  this  species  the  only  material  at  hand  was  a  sapply  of  tiie  chrys. 
olite  x>ebbles  from  near  Fort  Wingate,  New  Mexico.  The  mineral  from 
this  locality,  we  believe,  has  not  been  previously  analysed;  and  as  it  is 
rich  enough  in  color  and  is  sufficiently  clear  it  is  often  cut  as  a  gem. 
It  has  the  characteristic  color  of  the  peridot,  and  is  apparently  quite 
free  from  inclusions.    The  analysis  gave  the  following  results : 

SiOa 41-98 

FeaOs -ftl 

PeO 5-71 

NiO -42 

MnO 10 

MgO 5111 

H,0 -28 

10011 

Only  0*05  per  cent,  of  the  water  was  lost  at  l()5o. 

1*1027  grammes  of  the  mineral  were  heated  in  gaseous  hydrochloric 
acid  for  twenty-two  hours,  and  gained  in  weight  0*0157  grm.  On 
leaching  with  water  and  a  drop  of  nitric  acid  the  following  percentages 
of  material  went  into  solution : 

MgO 1-47 

PcOs -43 

Hence  olivine,  at  the  temperature  of  383^-4120,  is  hardly  attacked 
by  dry  hydrochloric  acid ;  and  the  slight  action  here  recorded  may 
possibly  be  due  to  imcomplete  drying  of  the  gas.  The  aqueous  acid,  on 
the  other  hand,  decomposes  olivine  with  great  ease.  On  this  mineral 
no  other  experiments  were  necessary  for  our  purposes. 

TALC. 

The  mineral  studied  was  a  typical,  apple-green,  foliated  talc  from 
Hunter's  Mill,  Fairfax  County,  Virginia.    Analysis  as  follows : 

8iO, 62*27 

AlaOa 15 

FeaOa 95 

MgO 30-95 

FeO -85 

BCnO trace 

H«0 4-91 

100-08 

In  detail,  the  water  determination  was  as  follows : 

Losaat  105° 'O? 

Lose  at  250O-300O -06 

Loffsatred  heat 4*43 

Loss  at  white  heat -35 

Hence  the  water  is  practically  all  constitutional. 
Heated  in  dry  HCl  gas  to  3830-412o  for  fifteen  hours,  the  talc  under- 
went inappreciable  change  of  weight.    Upon  leaching,  only  0*23  per 
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cent  of  maguesia  went  into  solution.  'Biy  rapid  evaporation  with  75  oo. 
of  fuming  aqueous  HCl,  I'OS  per  cent  of  MgO  and  0*16  of  (FeAl)s03 
were  dissolved.  Upon  eight  days'  digestion  on  the  water  bath  with 
acid  oJT  1*L2  sp.  gr.,  1-94  MgO  and  0*23  of  sesqnioxides  were  removed. 
By  digesting  in  like  manner  for  thirty-two  days,  3*94  MgO  and  0*41  of 
sesqnioxides  were  taken  out.  Talc,  ttierefore,  is,  as  should  have  been 
exiiected,  remarkably  stable  in  presence  of  hydrochloric  acid,  both 
aqueous  and  dry.  This  fact  has  a  very  important  bearing  upon  the 
constitutional  formula  of  the  mineraL 

In  empirical  composition  the  talc  analyzed  agrees  quite  sharply  with 
the  accepted  formula  Mg3Hs8i40|s.  This  is  commonly  interpreted  as 
an  acid  metasilicate,  Mg3Ht(Si03)4 ;  but  Oroth  has  lately  proposed  to 
consider  talc  as  a  basic  salt  of  pyrosilicic  acid,  H^SisOs.  On  this  sup- 
position its  rational  formula  becomes  Mg(8it05)2(MgOH)3.  Between 
these  two  formulie,  experiment  is  able  to  decide. 

Against  Oroth's  form'ula  the  stability  of  talc  towards  adds  tells  very 
strongly.  The  univalent  group  —  Mg — OH  ought  to  be  soluble  in 
hydrochloric  add;  and  evidence,  to  be  presented  later,  goes  to  show 
that  that  particular  group  is  easily  removable  by  the  dry,  gaseous  HGl. 
In  fact,  our  experiments  make  it  highly  probable  that  idl  the  magnesia 
taken  from  a  silicate  by  perfectly  dry  HCl  was  originally  present  in 
the  hydroxylated  form«  As  regards  the  constitution  of  talc,  however, 
other  evidence  is  even  stronger. 

If  Groth's  formula  is  correct,  then,  upon  ignition,  talc  should  behave 
according  to  the  equation 


M^  /  SijOs— Mg— OH     TT  o  -  Mir  ^  SiaOs— Mg  >.  ^ 
^^^  Si^Os— Mg— On^"^^-^^  <Si205-Mg>^- 

In  other  words  the  loss  of  water  should  produce  but  little  change,  and 
no  silica  should  be  liberated.  If,  on  the  other  hand,  the  acid  metasili- 
cate  formula  is  true,  talc  should  split  up  into  SMgSiOa+SiOa+HaO; 
that  is,  one-fourth  of  the  silica  should  be  set  free ;  which,  in  the  present 
instance,  would  amount  to  15*57  per  cent.  This  actually  happens ; 
and  a  weighed  quantity  of  talc,  ignited  very  intensely  for  half  an  hour 
over  a  blast-lamp,  gave  up  15*36  per  cent  of  SiO-^  upon  subsequent 
boiling  with  a  solution  of  sodium  carbonate.  Upon  longer  ignition,  as 
might  be  expected,  a  part  of  this  silica  reverts  to  the  insoluble  form, 
and  somewhat  lower  results  are  obtained.  Upon  the  unignited  talc, 
boiling  with  soda  solution  for  24  hours  produced  little  or  no  effect ; 
soda  was  not  taken  up,  nor  was  silica  removed. 

In  brief,  both  lines  of  evidence,  the  liberation  of  silica  and  the  sta- 
bility toward  acids,  confirm  the  ordinary  formula  for  talc  and  contro- 
vert the  views  of  Groth ;  and  no  other  formula,  out  of  several  which  are 
possible,  satisfies  both  of  the  experimentally  established  conditions. 
The  mineral,  therefore,  must  be  regarded  as  an  acid  metasilicate ; 
although  its  ultimate  structural  formula  can  be  written  only  when  we 
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have  a  better  knowledge  of  inetasilicic  acid.  It  is  a  noteworthy  faot, 
that  no  normal  metasilicic  ether  is  yet  certainly  known ;  for  Ebelmen's 
reBults  have  not  been  confirmed  by  later  observers.  Troost  and  Hante- 
feoille,  however,  prepared  an  ether  having  the  composition  (03H5)8Si4Oi2. 
Possibly  enstatite  may  be  the  normal  magnesium  salt  corresponding  to 
Una  ether ;  in  which  case  talc  woald  be  a  substitution  derivative  hav- 
ing Hi  in  place  of  one  atom  of  Mg. 

SEEPENTINE. 

On  account  of  the  importance  of  this  species,  its  variability  in  ex- 
ternal characteristics,  and  its  manifold  relations  to  other  minerals, 
several  distinct  samples  were  investigated. 

A.  Dull  green  serpentine  from  Montville,  New  Jersey,  derived  from 
pyroxene  by  alteration. 

B.  Dark  green  serpentine  from  the  well  known  locality  at  Newbury- 
port,  Massachusetts. 

O.  Silky,  fibrous  chrysotile  from  Montville. 

D.  Grayish  green  picrolite  from  Buck  Greek,  North  Carolina. 

E.  A  grayish  green  mineral  from  Corundum  Hill,  North  Carolina, 
which  was  supposed  at  first  to  be  deweylite.  It  is  an  ordinary,  massive 
serpentine. 

Analyses  as  follows,  with  the  itemized  water  determinations  subjoined : 


SIOj.. 

MgO. 
FeO.. 
CaO.. 
NiO.. 
Fe^ 


H^  at  1050 

n,0at250o 

H20at383O-412o... 
H,Oat4»80-527o.. 
HjO  at  red  heat... 
11,0  at  white  heat 


43-05 

14-66 

42-57 

•10 

•05 


-30 


90-73 


•96 
-65 
•27 
•23 
12-37 
•28 


B 


41-47 

15-06 

41-70 

-00 

none. 


1-73 


100^05 


1-20 
•55 


\ 


1301 
•30 


4242 

15^64 

4101 

undet. 

trac«. 

•23 

•62 


100-55 


2-04 
•71 
•27 
•56 

11^81 
-25 


D 


42-94 
1321 
36^53 

1-88 


•61 
833 
1*72 


10022 


1-53 
.44 
•62 


10-58 
•04 


E 


41-00 
16-16 
40-16 
undet. 


•10 
•91 

•71 


99-94 


2.26 

101 

-08 

•42 

11.32 

.17 


From  these  data  it  is  clear  that  practically  all  the  water  in  serpentine 
is  constitutional,  and  that  none  of  it  can  be  fairly  regarded  as  crystal- 
line. The  small,  variable  amount  lost  below  250^  is  mainly  hygrosco- 
pic and  inclosed  water,  since  the  analyses  refer  to  air-dried  material. 
It  is  hardly  necessary  to  state  that  in  each  fractional  determination  the 
ina-t4^riai  was  heated  to  constant  weight* 
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Ul>ou  heating  in  dry,  gaseoas  hydrochloric  acid  all  of  these  serpen- 
tines were  stongly  attacked ;  differing  essentially  in  this  particular  from 
olivine  and  talc.  The  bases  thus  taken  oat  as  chlorides  at  3830-412^ 
were  as  follows : 


No.  hoars  heated. 


MgO  extracted 
KsOs  extracted , 


M 


lOU 


B 


«8 


16-73 
•43 


54 


9*98 


78 


11*38 
•06 


E 


41 


15-25 
•61 


In  the  last  determination  the  soluble  magnesia  was  accidentally  lost; 
and  the  value  given  was  estimated  by  difference.  A  duplicate  deter- 
mination on  the  Newburyport  mineral,  at  the  same  temperature,  with 
39  hours'  heating  gave  only  14*43  per  cent  of  magnesia  removed  as 
chloride.  The  different  times  required  for  obtaining  constant  weight 
and  so  fixing  the  limit  of  the  reaction  vary  considerably. 

Similar  experiments  upon  serpentines  A  and  B  at  the  temperature 
498^-^270  gave  similar  results. 


Honn  heated 

MgO  removed 
SfOs  remotved 


18 


10-83 
•10 


18 


14-28 
-16 


In  duplicate  determinations  at  the  same  temperature,  A  yielded 
14*17  and  B  gave  17*36  per  cent  of  magnesia  converted  into  chloride. 

Now  these  data,  although  not  satisfactorily  concordant,  have  never- 
theless some  significance.  They  show  first  that  the  action  of  the  gas 
is  much  the  same  at  both  of  the  temperature  intervals,  except  that  the 
limit  of  change  is  reached  more  quickly  in  the  hotter  series.  They 
show,  also,  that  the  magnesia  of  serpentine  is  probably  combined  in 
two  ways ;  one  part  being  affected,  the  other  unattacked  by  the  acid. 
That  part  which  is  converted  into  chloride,  and  so  rendered  soluble, 
we  may  regard  provisionally  as  represented  by  the  group  — Mg — OH ; 
even  though  our  estimate  of  its  amount  may  not  be  so  sharply  accurate 
as  might  be  desirable.  Ko  other  hypothesis  as  to  the  nature  of  the 
dissolved  magnesia  seems  to  be  practicable,  or  to  account  in  any  way 
for  the  results  of  the  experiments.  Boughly  speaking,  a  maximum 
amount  of  about  one-third  of  the  magnesia  in  serpentine  is  extracted 
by  dry  HCl  under  the  conditions  of  our  experiments,  the  other  two- 
thirds  being  more  stable. 

By  aqueous  hydrochloric  acid  all  of  the  five  serpentines  were  easily 
and  completely  decomposed.  In  three  instances  this  fact  was  deter- 
mined quantitatively;  by  evai)orating  the  acid  to  dryness  with  the 
mineral,  extracting  with  weak  acid,  and  weighing  the  residue.    In  each 
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case  this  residue  agreed  in  percentage  with  the  silica  found  by  actual 
analysis.    The  data  are  as  follows : 


A 

42*82 
42.05 

C 

42-21 
42-42 

D 

42-55 
421M 

luBoIuble  in  HCI 

Silica  found 

By  very  weak  hydrochloric  acid,  however,  these  three  serpentines 
are  but  partially  decomposed ;  the  picrolite  being  the  most  stable  of 
the  series.  A  microscopic  examination  of  the  picrolite  by  Mr.  Walde- 
mar  Lindgren  showed  no  inclusions  which  could  account  for  this  differ- 
ence in  behavior,  and  it  is  probably^  due  to  merely  mechanical  condi- 
tions. 

Upon  boiling  directly  with  sodium  carbonate  solution,  none  of  the 
serpentines  were  attacked.  By  sharp  ignition,  however,  a  little  silica 
was  sometimes  liberated;  which,  as  in  the  case  of  the  talc,  could  be 
dissolved  out  and  estimated.  The  quantities  of  silica  thus  set  free  were 
as  follows : 


B 

C 

P 

200 

2.98 

none 

2-63 

E 


6-05 
4-93 


These  results  can  not  easily  be  ipterpreted.  At  most,  only  about  one- 
seventh  of  the  total  silica  is  thus  taken  out;  and  this  may  represent 
either  impurities  in  the  minerals  or  secondary  reactions  of  an  unde- 
termined kind. 

When  serpentine  is  heated  to  the  point  of  fusion  it  is  split  up,  as 
Daubr6e  has  shown^,  into  a  mixture  of  olivine  and  enstatite. 

H4Mg3Si209=2H,0+Mg2Si04+MgSi03. 

Upon  ordinary  ignition,  however,  this  breaking  up  of  the  molecule  does 
not  always  take  place;  and  when  it  does  occur,  it  is  as  a  rule  only 
partial.  In  three  experiments  the  serpentines  A,  C,  and  D,  were 
strongly  ignited  over  a  blast  lamp  for  an  hour  each,  and  then  treated 
with  strong  hydrochloric  acid.  By  this  treatment,  olivine,  if  formed, 
should  be  decomposed ;  while  enstatite  would  remain  unattiicked  in  the 
residue.  After  evaporation  to  dryness  and  extraction  with  weak  acid, 
the  insoluble  material  was  boiled  with  sodium  carbonate  solution  to  re- 
move free  silica,  washed,  dried,  and  weighed.    The  residues  were  as 

follows : 

A  C  D 

Percent 4-32       20*80        39*96 


Bull.  7^ 
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The  residae  from  the  massive  Montville  serpentine  contained  43*28,  and 
that  from  the  chrysotile  41*34  per  cent  of  magnesia,  thus  agreeing  nearly 
with  enstatite  in  composition.    The  picrolite  residue  was  composed  of— 

MgO 36-31 

SiOa 54-88 

R,0, 9-26 

100-45 

showing  it  to-be  an  impure  enstatite,  the  impurities  being  analogous  to 
those  of  the  original  mineraL  In  the  last  case  the  splitting  up  seems 
to  have  been  praotioaliy  complete;  in  the  chrysotile  it  went  fully  half 
way,  while  in  the  ordinary  serpentine  it  barely  began.  The  conclu- 
sion is  obvious.  When  serpentine  is  simply  dehydrated,  the  molecule 
MgSUO^J  decomposable  by  acids,  remains;  and  this  on  further  heating 
splits  up  in  accordance  with  Daubr6e's  observations.  The  salt  MgsSiaOT 
corresponds  to  certain  well  known  silicic  ethers,  and  is  probably  a 
definite  compound. 

Now,  bearing  upon  the  constitution  of  serpentine,  we  have  several 
lines  of  evidence.  First,  itsempirical  formula,  H4Mg3Si309,  is  well-known 
and  in  this  all  the  water  is  constitutions^.  Second,  upon  dehydra- 
tion it  yields  the  salt  MgaSisO?.  Third,  a  part  of  the  magnesia  is  less 
stably  combined  than  the  remainder  of  the  base,  and  is  presumably 
present  as  — Mg — OH.  If  one  atom  of  magnesium,  or  one-third  of  the 
total,  is  thus  combined,  the  excess  of  one  atom  of  oxygen  over  the  nor- 
mal orthosilicate  ratio  in  the  formula. is  accounted  for,  and  the  condi- 
tions imposed  by  our  experimental  results  are  satisfied. 

Taking  all  these  considerations  into  view  it  seems  highly  probable 
that  the  constitutional  formula  of  serpentine  may  be  written  Mg2(Si04)<^ 
H3(MgOH).  In  ultimate  structural  form  this  may  be  interpreted  in 
several  ways,  any  one  of  which  will  admit  of  a  linking  together  of  the 
two  orthosilicic  groups,  after  dehydration,  with  elimination  of  one  oxy- 
gen atom,  to  form  the  acid  group  Si^O?.  Between  the  several  possible 
structures,  however,  we  are  not  yet  prepared  to  decide,  and  further 
investigation  covering  other  hydro-magnesia  silicates  is  necessary. 
Bearing  in  mind  the  very  common  derivation  of  serpentine  from  olivine, 
and  the  obvious  relations  of  both  species  to  chondrodite,  the  following 
formula)  are  highly  suggestive ;  the  first  one  representing  olivine  with 
doable  its  simplest  expression : 

Mg4Si208  Olivine. 

MgaSi^OsCMgF),  Chondrodite. 

Mg2Si208H3(MgOH)  Serpentine. 

In  the  chondrodite  formula  of  course,  the  group  -Mg-O-Mg-  to  a  cer- 
tain extent  replaces  the  two  univalent  MgF  groups.  Altbough  these 
formulsB  are  not  absolutely  proven,  they  are  at  least  highly  probable; 
and  they  conform  perfectly  to  the  general  working  hypothesis  that  the 

^aii0  camples^  eiUc^tes  are  substitutiou  derivatives  of  normal  saltSt 
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One  other  fbrmula  for  serpentine,  MgSis07(MgOH)2H2^  is  reconcUable 
in  part  with  our  data.  Bat  sach  a  oompoand  ought  to  be  acted  upon 
more  strongly  by  gaseous  hydrochloric  acid,  and  two-thirds  of  the 
magnesia  should  be  removable.  This  limit  was  not  even  remotely  ap- 
proached in  our  experiments,  although  in  two  cases  the  one-third  limit 
was  definitely  exceeded.  It  is  a  legitimate  question,  however,  whether 
there  may  not  be  two  isomeric  serpentine  molecules,  corresponding  to 
these  two  formulsB :  and  this  question  'ought  to  be  kept  in  view  in  fu> 
ture  investigations. 

THE  CHLOBITE  GBOUP. 

In  this  interesting  but  very  obscure  group  of  minerals,  three  species 
were  examined.  First,  the  dark  green,  broadly  foliated,  mica-like 
ripidolite  from  Westchester,  Pennsylvania.  This  mineral  has  been  re- 
peatedly analyzed,  and  our  results  confirm  the  older  data.  Second,  a 
dark  green,  scaly-granular  prochlorite,  found  in  excavating  the  water- 
works tunnel  in  Washington,  District  of  Columbia.  Third,  leuchten* 
bergite  from  the  Schischimsk  mine  near  Slatoust,  Siberia.  The  last 
mineral  was  kindly  sent  us  by  Mr.  A.  Losch,  of  St.  Petersburg ;  but  it 
unfortunately  contained  inclusions  which  render  our  work  upon  it  of 
little  value.  The  prochlorite  was  examined  microscopically  by  Mr. 
Lindgren  of  the  U.  S.  Geological  Survey,  who  found  it  to  be  quite  homo- 
geneous.   Analyses  as  follows : 


SiO,  ., 

A1,0, 

Cr,0, 

Fe^. 

FeO  .. 

NiC. 

MnO.. 

MgO.. 

CaO  .. 

H,0  .. 

F 


H,Oatl05o 

250^-3000  .. 
3830-4120  ., 
4»8'5-5273.. 

"       red-heat. .. 

"       white-heat. 


Ripidolite.  [Prochlorite. 


29-87 

14-48 

1-56 

6-52 

1*03 

•17 


3306 


13-60 


100-10 


-96 
'40 


11-74 
•42 


2&-40 

22-80 


Lcnchten- 
bergite. 


32-27 
16-05 


2-86 

4-26 

1777 

•28 

•25 

1909 

20-75 

6*21 

1221 

11-47 

trace 

100-38 

100-29 

-80 

•38 

.15 

•21 

-62 

. 

•09 

1 

•  *««••  •- 

<  10-56 

1   1069 
•19 

Here  again  we  have  to  deal  with  water  which  is  plainly  constitutional. 
Hence  the  suggestion  put  forward  by  one  of  us  that  the  chlorites  are 
essentially  micas  plus  water  of  crystallization,  must  be  abandoned.^ 


*  Clarke,  Am*  JooTt  Sci.,  Nov.;  1889, 
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Upon  treatmentv  with  dry  hydrochloric  acid  gas  at  3830-412o,  the 
three  minerals  dififer  considerably.  The  times  of  heating  and  the  bases 
converted  into  chlorides  were  as  follows : 


Hours  heated. 

MgO  removed 
RsOs  removed. 
SiOt  removed . 


Bipidolite. 

Prochlorite. 

Leaohten- 
bergite. 

19 

31 

34 

13*46 

4*24 

'92 

1-54 
217 

6-20 
'42 
...... t, . . . . 

In  a  second  experiment  with  the  ripidolite  58  hours  of  heating  were 
required  before  constant  weight  was  attained,  and  13-36  per  cent  of 
magnesia  plus  1*20  of  sesquioxides  were  rendered  soluble.  In  a  third 
experiment  the  heating  lasted  30  hours,  and  the  percentages  of  MgO 
and  R2O3  removed  were  1140  and  3-31  respectively.  Even  at  the  ordi- 
nary temperature  of  the  laboratory  ripidolite  was  decidedly  attacked 
by  the  gaseous  acid,  4*66  MgO  and  3-43  E2O3  becoming  soluble.  In  this 
case  the  experiment  lasted  100  hours.  In  the  case  of  the  prochlorite 
the  result  obtained  is  of  very  doubtful  significance.  In  a  mineral  con- 
tainiug  so  large  a  proportion  of  ferrous  iron,  secondary  reactions  due 
to  oxidation  are  possible,  and  it  is  not  practicable  to  determine  exactly 
what  changes  have  taken  place.  The  group  — Fe — OH  might  behave 
like  MgOH,  and  yet  subsequent  alteration  might  prevent  any  estimate 
of  the  extent  of  the  reaction. 

By  digestion  with  strong,  aqueous  hydrochloric  acid,  both  ripidolite 
and  prochlorite  were  completely  decomposed.  Leuchtenbergite,  on  the 
other  hand,  left  an  insoluble  residue,  resembling  garnet,  which  was 
originally  present  as  an  inclusion  in  the  mineral.  All  of  these  minerals 
decompose  with  aqueous  acid  more  slowly  than  the  serpentines. 

By  sharp  ignition,  ripidolite  and  prochlorite  give  up  in  the  free  state 
small  quantities  of  silica,  which  are  determinable  by  extraction  with 
soda  solution.    The  percentages  were  as  follows : 


SiOs  liberated 


Kipidolite.    Proohlorito. 
-.  2-98  2-45 


These  quantities  represent  only  one- tenth  of  the  total  silica  in  the 
minerals,  and  have  no  evident  significance  in  a  discussion  of  the  chem- 
ical structure. 

Although  ripidolite  is  readily  decomposable  by  aqueous  hydrochloric 
acid,  it  appears  to  be  split  up  by  prolonged  ignition  into  a  soluble  and 
an  insoluble  part.  A  weighed  quantity  of  the  mineral  was  heated  for 
9  hours  over  the  blast-lamp,  and  then  digested  for  3  days  with  hydro- 
chloric acid  of  sp.  gr.  1'12.  The  residue  amounted  to  48-47  per  cent  of 
insoluble  matter,  from  which  boiling  with  sodium  carbonate  solutiou 


r- 
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extracted  28*73  of  silica  belonging  to  the  decomposed  silicates.  The 
final  undissolved  residue,  19*74  per  cent,  was  analyzed,  and,  treated 
aa  an  independent  substance,  gave  as  follows: 

SiOj 6-32 

Sesqoioxides 67*81 

MgO 25-67 

99*80 

If  the  small  qnantity  of  silica  here  found,  only  1*25  per  cent  of  the 
original  material,  be  neglected  as  non-essential,  the  remainder,  18*49 
per  cent  of  the  ripidolite,  has  exactly  the  composition  of  spinel.  Like 
spinel  it  is  quite  insolnble,  and  in  all  reasonable  probability  it  may  be 
regarded  as  that  componnd.  The  formation  of  such  a  magnesian  alumi- 
nate,  MgAl204,  is  peculiarly  suggestive  when  we  come  to  consider  the 
stractnre  of  the  chlorites. 

Similar  experiments  with  the  prochlorite  gave  similar  but  not  identi- 
cal results.  After  long  ignition,  G  hours,  and  3  days'  digestion  with 
hydrochloric  acid,  35*61  i>er  cent  of  residue  remained,  of  which  18-16 
per  cent  was  insoluble  in  carbonate  of  soda.  This  last  residue,  how- 
ever, was  rich  in  silica,  and  therefore  could  not  be  spinel.  The  reaction 
deserves  further  study,  but  the  oxidizability  of  the  iron  in  prochlorite 
introduces  elements  of  uncertainty  which  would  render  it  very  difficult 
to  interpret  the  results. 

In  the  case  of  the  leuchtenbergite,  little  else  was  done.  By  means 
of  Thoulet's  solution  5*()2  per  cent  of  a  yellowish  garnet  were  separated 
from  the  mineral,  which  accounts  for  part,  but  not  all,  of  the  lime  found 
in  the  analysis.  On  this  species  our  results  are  of  little  value,  except 
as  regards  the  character  of  the  water  which  it  contains,  and  its  com- 
parative behavior  towards  gaseous  IICl. 

Now,  in  order  to  discuss  the  foriuulro  of  the  three  chlorites,  we  may 
reject  as  adventitious  the  small  quantities  of  water  given  up  at  or  l)e- 
low  300^.  This  leaves,  as  essential  water  in  ripidolite,  prochlorite,  and 
leuchtenbergite,  12*05,  11*26,  and  10*88  per  cent,  respectively.  Using 
these  figures  for  water  the  analyses  give  the  following  molecular  ratios : 


SiO,. 

RO.. 
HaO. 


Bipidolite. 

Prochlo* 
rite. 

Lenchten* 

•498 

•423 

•538 

•186 

•241 

•185 

•855 

•727 

•858 

•703 

•626 

•604 

Hence  we  have  the  following  empirical  formuhe: 

Ripidolite  19RiO:,,  H6K0,  70ILiO,  SOSiOa 

Prochlorite 24R.O3,  73RO,  «3H,0,  43810, 

Leuchtenbergite 19Ri03,  86RO,  60H,O,  MSiO, 


,        .    ■     .  .  .        .-  /,-  I 

•  f    ,      .  ... 
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And  those,  redneed  to  an  oEtbollrilioate  bMd8»  beodme— 

Ripidoliie  ....l ^.w. ^ S'"»B"isHi«(8i04W>i» 

Proohlorito : B'"WB"nHMi(8l04>««OiM 

Leachtenbergite « R"'»B"«1Ii«i(8I04)mOk 

This  excess  of  oxygen  over  the  orthosilfoate  xatio  ean  only  be  inter- 
preted  as  basic  hydxosq^l;  whenoe  we  get— 

RipidoUte lt'«J8"«iHB(aO.)«(OH),u 

Proehlorttd * »"'<*"»     (fll04>«(OH)m  • 

LenohtentMrglte R"'WB"»H«(8i04)M(OH)M 

The  last  of  tbese  formul»  is  yitiftted  by  the  fiust  that  the  mineral 
analyzed  was  impure,  a  fiict  which  appears  in  the  low  flgnre  for  the 
hydroxy],  which  garnet  does  not  contain.  .  Otherwise  it  is  dear  that 
in  general  lenchtenbergite  and  ripidolite  agree  qnite  nearly  with  each 
other.  The  qnestion  now  to  be  answered  is,  how  shall  the  hydrozyl  be 
apportioned  between  the  bases  f 

Taking  ripidolite  as  the  mineral*  of  the  three  which  has  been  most 
completely  examined,  we  may  recall  that  two  concordant  experiments 
with  gaseons  hydrochloric  add  gave  13*36  and  13*46  per  cent,  of  remov- 
able magnesia,  presnmably  representing  the  group  HgOH.  In  mean, 
these  percentages  correspond  to  84  atoms  of  magnesia.  Begarding  this 
as  an  index  of  the  HgOH  present,  we  may  combine  the  remainder  of 
the  hydroxyl  with  the  sesquioxides  to  form  the  univalent  group  AlHsQ,, 
and  the  ripidolite  formula  now  becomes  (AIHtOs)3B(MgOH)MB''aH27 
(8104)509  with  three  oxygen  atoms  unaccounted  for  and  neglectable. 
Generalizing  this  expression  we  have 

or  almost  exactly^    B^^2(Si04)3BV 

This  is  au  olivine  formula,  with  half  of  the  K^'  replaced  by  B^S)  and  is 
strictly  comparable  with  the  formula  of  serpentine.  It  will  be  remem- 
bered that  von  Wartha  ^  some  time  ago  advanced  the  opinion  that  the 
chlorites  and  serpentines  form  one  continuous  series  of  minerals,  and 
his  view  is  by  this  discussion  curiously  supported.  Farthermore,  the 
probable  juxtaposition  of  the  groups  AIH2O2  and  MgOH  in  ripidolite 
accounts  in  great  measure  for  the  apparent  formation  of  spinel  when 
the  mineral  is  decomposed  by  heat. 

The  ratios  found  by  analysis  between  H,  MgOH,  and  AiOsHx  indicate 
that  ripidolite  is  probably  a  mixture  of  two  isomorphous  molecules, 
and  the  observed  data  are  best  satisfied  by  assuming  the  compounds 
Mg2(Bi04)2(MgOH)3H  and  Mg2(8i04)2(A102H2)3H  in  equal  proportions. 
For  a  mixture  of  these  molecules  in  the  ratio  of  1 : 1,  the  composition  is 
easily  calculated,  and  the  results  agree  well  with  the  analysis.  If,  in 
the  latter,  we  recalculate  the  ferric  and  chromic  oxides  to  their  equiva- 
lent in  alumina  and  compute  the  ferrous  oxide  as  magnesia,  reducing 

>  Groth's  Zeitschiift,  1887,  voL  13,  p.  71. 
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the  sammation  afterwards  to  100  per  cent,  we  get  the  following  direct 
comparison  between  analysis  and  theory : 


Found.  1  Theory. 

1 

glO, 

n*i8  ■    u-oo 

AV^ 

85^4 
18-21 

18« 
8f'S7 
11*81 

■■  mil's  •■•••■•■■• 

MlA..r      ,T 

HdO 

10<HM 

loo-ot 

A  closer  concordance  could  hardly  be  expected. 

For  prochlorite,  notwithstanding  the  ancertainty  as  to  the  behavior 
of  the  ferrous  iron,  similar  ratios  appear.  The  expression  W'^i^Wi^ 
(Si04)4i(OH)m  reduces  to(AlH,02)48(R''Oe),iR''4,(8i04)«,in  which  R'^OH 
is  mainly  Fe^'OH  and  B''  is  almost  entirely  Mg.  This,  generalized, 
l)ecomes  £''42(3104)43^^199  which  is  quite  nearly  the  oiivine-serpentine 
ty|)e  of  formula.  A  mixture  of  such  molecules,  in  which  B'  is  satisfied 
by  MgOH,  FeOH  and  AlHsOs  in  the  ratio  of  1 : 3 : 6,  w  ould  have  the 
subjoined  compositioU|  which  is  comparable  directly  with  the  results 
of  analysis. 


SiO, 

Al/), 

Fe,0, 

FeO 

MgO 

H^,  eMentUl 


youiid. 


2S*40 
12-80 
1-88 
17-T7 
19-08 
11-30 


9918 


COenbilod. 


! 


24-88 

15'87 

17-81 
1990 
11-94 


100-00 


. 


If  the  first  column  were  recalculated  to  100  per  cent,  with  the  ferric 
iron  reduced  to  its  equivalent  iii  aluminum,  the  agreement  would  be 
even  closer.  In  brief,  prochlorite  seems  to  have  a  constitution  strictly 
analogous  to  that  of  ripldolite,  although,  on  account  of  its  high  pro- 
portion of  ferrous  iron,  it  behaves  differently  towards  gaseous  hydro- 
chloric acid.  The  leuchtenbergite  evidently  has  a  similar  structure, 
but  the  impurities  in  the  sample  analyzed  preclude  us  from  discussing 
this  species  more  in  detail.  Just  as  the  micas  are  derived  by  substi- 
tution from  normal  aluminum  salts,  so  the  chlorites  are  derived  from 
normal  magnesium  silicates;  and  in  a  very  curious  way  the  two  series 
seem  to  approach  each  other.  Thus  a  compound  having  the  chloritic 
formula  Mg2  (8104)2  (AIO2H2)  H2,  if  halved,  may  be  written  as  if  it 
were  a  derivative  of  aluminum  orthosilicate  analogous  to  some  of  the 
more  basic  hydro-micas;  and  the  close  physical  similarity  between  the 
two  groups  is  thus  remarkably  emphasized. 


«  ^ 


1     » 
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THB  MIOAB. 


fMULm 


In  this  groap  only  thtee  examples  were  stndiedi  all  of  the  magnesian 
or  ferro-magnesiaQ  daas.  A.  Phlogopite  from  BorgesBy  Ontario;  the 
ordiuary,  slightly  brownish,  broadly  foliated  mieay  somewhat  resem- 
bling mascovite.  B.  Phlogopite  firom  Edwards, St  LawienoeOoanty, 
New  York;  the  peeoliar,  npn-flaoriferons  variety,  saperfldally  resem- 
bling brucite,  described  by  PenAeld  and  Bpeny,  whose  analysis  is 
thoroughly  confirmed;  by  onrs.  0.  A  nearly  black,  broadly  foliated 
iron  mica  from  Port  Henry,  STew  York;  commonly  regarded  as  a  1^- 
domelane.    Analyses  as  follows: 


- 

Burfaaib 

Sawwdi. 

PwtHMlxy. 

fUOL 

09-00 
-BO 

17^0 
-97 
•90 

4BrOB 

94*09 

9-70 
lS-99 

7-00 

99*97 

•41 

*00 

TfOb 

AM>. ...-.-. 

U*9B 

■  ■  ^kig  ••••  ■>■•■■■■■• 
lW)b 

m^^0^  ■•.•■........• 

.-aO 

•M 

ai      • 

XnO  ^ , ,- 

(OoMlK) 

GaO 

none. 

-09 

90-40 

BaO 

XsO..: 

90^98 
•07 
•40 

8-n 

6^97 

0-89 

-04 

•10 

O'OO 

4*90 

•94 

trace. 

■LLO 

*—^"  ■•""■■■••■••■"* 
Ka^ 

•00 

9-00 

9-94 
trace. 

KdO 

HdO 

F 

P^. 

.*■"••  ..•••■■■••••■• 
LessO 

lOO-OO 
•94 

100*23 

100-54 
•14 

9900 

100-40 

The  fractional  water  determinations  gave — 


Bargeas. 

Bdwardfi. 

Port  Henry. 

HtOatl05o 

250O-300O... 
rod  heat.... 
white  heat . 

-06 
-35 

•57 

•45 

) 

^             3-37 

•73 

•73 

8-91 

In  all  the  analyses  of  this  investigation,  when  much  iron  was  found, 
the  total  water  was  determined  directly ;  so  that  the  figures  for  the 
higher  temperatures  do  not  represent  mere  loss  on  ignition.  In  these 
micas  the  percentages  of  constitutional  water,  to  be  used  in  the  dis- 
cussion  of  formulae,  are  1*98,  4-64,  and  3*37  respectively. 

In  the  Burgess  phlogopite  numerous  inclusions  were  observed,  con- 
sisting of  slender  prisms,  and  at  our  request  these  were  examined  mi- 
croiscopically  by  Mr.  Waldemar  Lindgren.    The  mica,  according  to  his 


CLAKKR  AN 
BCHNBIDEK 
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examiDation,  is  made  up  of  "  tbin  fpliae,  uiuler  tlio  microscope  color- 
\esSj  (lark  betweeu  crossed  nicols;  interference  figure  apparently  a 
cross,  not  separating  into  hyperbolas;  seemingly  uniaxial,  Hut  with 
better  instruments  it  would  probably  be  found  to  be  biaxial  with  a  very 
small  axial  angle.  Shows  excellent  asterism,  caused  by  interpositions 
arranged  in  three  directions  cutting  each  other  at  an  angle  of  00^. 
The  inclusions  are  prisms  of  a  strongly  refracting  and  bi-refracting 
mineral,  so  thin  as  to  show  brilliant  Newton's  colors.  In  spite  of  the 
very  small  thickness,  the  interference  colors  are  near  the  white  of  the 
first  order.  Extinction  takes  place  strictly  pailillel  to  the  prismatic  sur- 
face. Terminal  faces  rounded,  or  unequally  developed.  Besides  prisms 
there  are  square  or  rhomboidal  foliae,  probably  of  the  same  substance. 
The  inclusions  were  first  observed  by  G.  Rose,^  who  regarded  them  as 
kyanite.  Bosenbusch  describes  them  again,  and  determines  them  as 
tourmaline.'^  The  prisms  certainly  correspond  well  in  their  optical 
characteristics  to  this  mineral.  Kyanite  and  apatite  are  excluded  from 
among  the  possibilities.  Probably,  in  spite  of  its  apparent  abun- 
dance, the  mineral  is  but  a  very  small  fraction  of  the  mica  substance." 
At  Mr.  Lindgren's  suggestion  the  mica  was  carefully  tested  for  boron, 
but  none  was  found.  Hence  tourmaline,  if  present^  must  be  in  ex- 
ceedingly small  quantities. 

On  account  of  the  high  proportion  of  titanium  in  the  Port  Henry 
iron  mica,  this  too  was  examined  by  Mr.  Lindgren,  who  reports  as  fol- 
lows :  '^  It  is  a  dark  brown,  unusually  deep  colored,  apparently  uniaxial 
biotite,  without  inclusions,  and  especially,  as  far  as  examined,  free  from 
any  titanium  mineral."  Hence  the  titanium  is  to  be  regarded  as  a  con- 
stituent of  the  mica  itself. 

The  action  of  gaseous  hydrochloric  acid  upon  these  micas,  at  383o — 
412^,  was  almost  insignificant.    The  data  are  subjoined. 


Bnrgess. 
12 

Edwards. 

20 

Port  Henry. 
33 

Hoars  heated....... ............ 

IfcO  removed, 

•40 
none. 

1*00                 t.rA/>A. 

HJOt  remoTed. .................. 

•21 
•13 

•44 

SiOt  removed 

In  the  case  of  the  Port  Henry  mica  some  iron  was  volatilized  as  chlo- 
ride. This  was  estimated ;  and  it  was  found  that  the  total  iron  taken 
out,  reckoned  as  FeO,  amounted  to  only  1*62  per  cent.  An  experiment 
on  the  Edwards  phlogopite  at  4980-527o,  lasting  18  hours,  gave  1'41 
per  cent  of  removable  magnesia.  This  quantity  has  a  possible  bearing 
upon  the  formula  of  the  mineral. 

By  aqueous  hydrochloric  acid  all  three  of  the  micas  were  completely 
decomposed.    Hence  the  Burgess  phlogopite  could  have  contained  little 


iNeues  Jabrbacb,  1S63,  p.  91. 


^Physiog.  der  MiDeralien,  p.  486. 
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toarmalindy  for  HkBt  mineral  is  not  Mlable  in  the  add.  Moreover,  the 
solubility  of  the  micas  prevents  ns  from  asBHiiiiiig  in  either  of  them  an 
admixture  of  a  mnsoovlte  molecnle,  ibr  moseovite  also  is  insoluble.  A 
careful  comparison  of  the  two  pblogopites  showed  that  the  fluorifbrons 
variety  was  mnch  more  stable  towards  adds  than  the  rarer  non-flnorif- 
erouB  mineral ;  .a  fiwt  whidi  also  appears  in  the  action  of  the  gaseous 
acid  upon  them.  When  the  two  varieties  are  treated  side  by  side  with 
hydrochloric  add,  the  Edwards  phlogopite  decomposes  mnch  more 
rapidly  than  the  Bnrgess  mica. 

After  very  prolonged* ignition  the  Edwards  phl^^opite  and  the  Port 
Henry  iron  mica  were  still  oompletdy  decomposable  by  aqaeons  hydro- 
chloric acid.  There  was,  thereforei  no  splitting  up  of  their  moleiDnles 
which  could  be  determined  by  this  method.  -  The  Burgess  phlogopite, 
on  the  other  hand,  showed  a  small  amount  of  diange.  After  dght 
hours  of  ignition  over  the  blast,  treatment  with  strong  hydrochloric 
acid  for  three  days,  and  subsequent  leadiing  with  soda  solution  to  re- 
move free  dlica,  a*46  pet  cent  of  insoluble  residue  remained.  This, 
analyzed,  gave 

SiOa 30-94 

R«05 48-06 

MgO 19-01 

Alkalies • •••' ondet. 

96*01 

This  agrees  quite  nearly  with  the  formula  HgAltSiOe,  which  is  the 
composition  of  a  possible  member  of  the  clintonite  group.^ 

Now  from  the  analyses  of  the  micas  we  get  the  subjoined  molecular 
ratios;  iu  which  titanic  oxide  is  thrown  in  with  the  silica,  the  alkalies 
are  united  as  potash,  and  only  the  essential  water,  stable  above  300^, 
is  retained. 


SiO«. 

RfO, 

KG.. 

K«0., 

HaO., 

F.... 


BurKciw. 

E<1  wards. 

Port  Ileiiry. 

•e68 

•751 

•609 

•lee 

•110 

•177 

•eo9 

•736 

•464 

•116 

•098 

-094 

•110 

•258 

•187 

•118 

•018 

Hence  we  have  the  following  empirical  formulad : 

BurgesB nRjOj .  67RO  .  12KaO  .  llHjO  .  eTSiOj .  12F. 

Edwards llEjOa  .  74RO  .  lOKaO .  26H<.0  .  TSSiO*. 

Port  Henry..  I8R3O3.46RO.    9K2O  .  19H«0  .  6lSiOi .  2F. 

Deducting  oxygen  equivalent  to  the  fluorine  we  have 

Bnrgeas R"'Ml^"mK^'H^SimOiffiFii. 

Edwards K" '-R'^K .oH628i750zio. 

Port  Henry R'"»>R"«K,8nwSi6iO,49F,. 


^  The  minerals  prismatiue  and  komerupine  have  also  this  compottitiou. 
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In  all  of  these  micas  the  silicon  and  oxygen  are  present  in  almost  the 
exact  ortbosilicate  ratio ;  but  in  order  to  discnss  the  expressions  further 
it  is  necessary  to  recall  the  theory  of  the  mica  group  which  ^has  already 
been  cited.  Upon  that  theory,  all  these  salts  should  be  substitution 
derlTatives  of  normal  aluminum  ortbosilicate,  from  which  the  more  defi- 
nite micas  develop  as  follows : 

Normal  orthosilioate j Al4(Si04)3. 

Muscovite AUCSiOOsKH,. 

Normal  biotite Al2(Si04)3Mg3K'9. 

Normal  phlogopite 1 Al  (SiOOsMgsRV 

Applying  these  formula)  to  the  expression  given  above  for  the  Bur- 
gess phlogopite,  and  regarding  the  fluorine  as  present  in  a  group 
< — Mg — F,  we  have  for  the  comi)osition  of  that  mineral: 

Al(Si04)3Mg3KH2+Al2(Si04)3Mg2K(MgF), 

the  two  molecules  being  mixed  in  the  ratio  1 : 1.  Recalculatiug  the  orig- 
inal analysis  to  100  per  cent,  uniting  TiO^  with  Si03,  Fe203  with  AI3O3, 
FeO  and  BaO  with  MgO,  and  NosO  with  KsO,  we  have  this  compari- 
son: 


SiO, 

A1,0, 

MgO 

K,0 

H^ 

F 

Leas  oxygen 


Found. 

Calculated. 

41*04 

41*09 

17-59 

17-46 

27-39 

27-39 

10-62 

10-73 

2-03 

2  07 

2-29 

2-17 

100*96 

100-91 

•96 

•91 

100  00 

100  00 

The  results  for  the  non-fluoriferous  phlogopite  from  Edwards  are  less 
satisfactory.     Its  formula,  coiKh^iised  a  little  from  that  given  above,  is 

R'"22l^"7 1 1^' 7281750293, 

in  which  the  ratio  between  R'''  and  Si  is  1:3*5  nearly.  But  in  this 
mica  three  atoms  of  magnesia  are  removable  by  gaseous  HOI,  corre- 
sponding to  3MgOII.  If  we  assume  that  this  represents  a  small  admix- 
ture of  a  foliated  serpentine,  and  deduct  proportionally,  there  remains 

AlzjMgesH^oKzoSisgOzee? 

which  is  very  nearly  Al(Si04)3Mg3KH2,  or  nonnal  phlogopite.  At  first, 
as  the  mineral  occurs  in  a  talc  mine,  we  suspected  that  its  anomalies 
might  be  due  to  intermingled  talc;  but  its  complete  decomposability 
by  hydrochloric  acid  showed  that  supposition  to  be  incorrect.  If  the 
mica  theory  is  correct,  this  mineral  must  contain  a  small  amount  of 
impurity ;  and  a  serpentinous  or  chloritic  molecule  is  the  most  probable 
admixture. 
In  the  Port  Henry  mica  the  ratios  are  perfectly  simple.    The  formula, 
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B'^'36B'^46Ki8H38(Si04)ciQiFiv  if  we  neiglect  the  small  amounts  of  fluorine 

and  excessive  oxygen,  redooes  easily  to  a  mixture  of  the  three  typical 

molecules: 

.     Al,{Si04),Fe''JKH, 

Pe'",(8i04)3Fe'',KH, 

Al  (Sl04)3Mg,KH^ 

iu  the  ratio  2:1:L    This  compares  well  with  the  anmysiSi  reduced  as 

usual,  thus: 


Voand. 

1 
Cakaliited. 

BIO 

•MA 

rwH 

XM> 

37-08 
13*33 
7*30 
88-56 
6-30 
9*03 
3-75 

37*41 
13-34 
&-M 
88-51 
6-86 
9-73 
8-35 

MgO 

X^ 

HdO 

• 

UO^ 

1I6*00 

I 

Here  the  theoretical  water  is  too  low  and  the  potash  too  high ;  both 
outside  the  allowable  range  of  error.  Their  reciprocal  replacements 
explain  the  slight  discordance  only  in  part;  and  the  nature  of  the  min- 
eral suggests  a  small  excess  of  water  due  to  incipient  alteration. 
Altogether  the  agreement  between  analysis  and  theory  is  remarkably 
close. 

THE  VEBMIOULITES. 

Of  this  interesting  group  two  examples  were  studied }  the  well  known 
typical  jefferisite  from  Westchester,  Pennsylvania,and  the  kerrite  from 
near  Franklin,  Macon  County,  North  Carolina.  The  latter,  presented 
to  us  by  Prof.  F.  A.  Geuth,  was  part  of  his  original  sample,  and  the 
analysis  agrees  well  with  Chatard's.  Analyses  as  follows,  on  air-dried 
material. 


Ik. 


SiO, 

AUO» 

Fe^s 

FeO 

NiO 

CoO 

MgO 

n/)  (IgniUon) 


H/)oTerH,SO«... 

H,Oatloy> 

HaOat260O-300o.. 
H|0  at  ret]  heat... 
H/)  at  white  heat 


Jefferisite. 


34*20 

16-58 

7-41 

113 


20*41 
21  14 


100-K7 


Kerrite. 


38-13 

U*22 

2-28 

•18 

•48 

trace 

27-39 

20-47 


lO'M 


420 

G-18 

•20 


100-15 

«•«! 

-24 
4-10 
6-27 

-24 
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Here  the  water  falls  into  three  sharply  defined  parts:  one,  lost  by 
drying  over  sulphuric  acid,  very  loosely  held  j  a  second,  water  of  crystal- 
lization, Jost  below  300^;  and  the  third,  constitutioaal  water. 

By  dry  hydrochloric  acid  gas  the  minerals  were  little  affected.  The 
datA  are  as  follows  for  3830-4120: 


Hoard  heat«d 

MgO  removed 
RsOx  removed 


Jefbrisite. 


32 


Kerrite. 


3-98 
1*38 


32 


3-15 
•09 


By  aqueous  hydrochloric  acid  both  of  the  vermiculites  were  easily 
and  completely  decomposed.  By  ignition,  however,  with  fusion  in  the 
case  of  the  kerrite,  they  were  split  up  into  soluble  and  insoluble  por- 
tions. In  the  kerrite,  after  fusion,  only  10*64  per  cent  of  magnesia  and 
3*75  of  sesquioxides  were  removable  by  aqueous  hydrochloric  acid,  but 
nothing  more  could  be  determined  for  want  of  material.  The  jeffcri- 
site,  after  strong  ignition  and  subsequent  digestion  with  the  acid  for 
3  days,  gave  51*08  per  cent  of  insoluble  residue.  From  this,  soda 
solution  extracted  21*54  of  silica,  leaving  29*54  per  cent  of  an  unde- 
composed  silicate.    This,  analyzed  independently,  contained 

SiOi 4508 

AhOn 22-82 

Fe^Oa 1001 

MgO 21-48 

99-39 

Uence  the  ratios  SiOi :  R20y:  MgO=75 :  29  :  54 ;  which  correspond  nearly 
to  a  mixture  of  Al^SiOg  with  Mg2Si206.  As  to  the  real  nature  of  this 
residue,  we  can  only  offer  the  foregoing  suggestion  as  a  plausibility. 
Positive  knowledge  is  lacking.  The  vermiculites,  however,  are  alter- 
ation derivatives  of  the  micas;  and  by  their  metamorphosis  kyanite, 
fibrolite,  or  andalusite  might,  perhaps,  be  generated  in  nature.  Geo- 
logically, the  suggestion  is  worthy  of  consideration. 
Now,  from  the  two  analyses  we  get  the  subjoined  molecular  ratios: 


SiO, 

R,o, 1 

RO 

H,0,  over  II,S04. . . 

HaO,  25(r-30(P 

IIsO,  conatitiitional 


Jefferisito. 
•570 

Kerrite. 

•635 

•209 

•124 

•626 

•694 

•587 

•524 

•233 

•226 

-355 

•363 

Hence  the  empirical  formulae 

Jefferisite R"'42R"«H7oSi570««-f-B2H,0 

Kerrite R%4R"69H72Si630367-f75H30 
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For  the  jefferisite  gaseous  h'ydrochloric  acid  removed  10  atoms  of 
magnesia,  and  from  the  kerrite  8  atoms.  Taking  this,  hypothetically, 
as  MgOH,  we  have 

Jeflferisite K'"«R"«(MgOH),oH6o(Si04)»70i7-f-fi2H20 

Kerrite R'"84B"6i(MgOH)  sHetCSiOOc^O  7-f75H20 

The  small  excess  of  oxygen  in  these  expressions  needs  to  be  ac- 
counted for.  To  regard  it  as  forming  the  group  AlO,  however,  is 
impracticable ;  for  then  the  residual  aluminum  atoms  would  be  less  than 
one-third  the  silicic  groups,  which  is  inadmissible  under  the  mica  the- 
ory. The  simplest  interpretation  is  as  follows :  In  the  clintonite  group 
the  general  formula 


\8i04: 


R' 


seems  to  apply.  If  we  treat  the  excess  of  oxygen  in  the  two  vermicu- 
lites  as  pertaining  to  molecules  of  this  order,  the  composition  of  both 
minerals  reduces  to  very  simple  terms ;  one  term  being  a  normal  hydro- 
mica.  In  thejefferisite  we  have  approximately  A103MgSi04B'3 .3H20 
4-Al2(Si04))Mg2Ha.3H20 ;  or  a  mixture  in-equal  ratios  of  a  hydro-.cliu- 
tonite  and  a  hydro-biotite,  the  alkalies  being  replaced  by  hydrogen,  and 
B'  being  in  part,  about  one-third,  MgOH.  The  greatest  uncertainty  is 
in  the  loosely  combined  water,  which  is  probably  analogous  to  the 
water  in  laumontite.  Two-thirds  of  the  3H2O  is  of  this  type;  the  re- 
maining one  molecule  being  given  oflf  below  300^.  Dried  at  JOOo  the 
,  salts  become  monohydrated.  Reducing  the  bases  of  the  analysis  to 
terms  of  alumina  and  magnesia  we  get  the  following  comparison  with 
the  formula : 


• 

Fonnd. 

Ckloiilated. 

SiO,.i 

34*97 

21*91 

21*51 

6-52 

4*30 

»          10*79 

34*00 
21*67 
22*07 
6*37 
5-10 
1019 

A1,Q« 

M2O 

HsO  conBUhitioiial . . . 

H,0,  2500-300° 

HAoTerHsS04 

10000 

10000 

The  concordance  here  is  less  perfect  than  in  the  previous  cases,  but 
for  obvious  reasons.  First,  the  uncertainty  in  the  water  has  already 
been  mentioned.  Secondly,  the  actual  ratio  between  the  clintonite  and 
biotite  molecides,  as  deduced  from  the  empirical  formula,  is  not  1 : 1 
but  13 :  15.  Finally,  the  observed  MgOH  is  a  little  less  than  one-thircj 
B'3.  Still,  considering  the  character  of  the  mineral,  the  agreement  be-, 
tween  analysis  and  theory  is  as  close  as  could  be  expected. 

For  kerrite,  uniting  the  univalent  factors,  the  formula  b^^me^ 

^-  B"'«B"g,B'7,(8i04)(^A  •  75HA 


CXARKK 
BCBHKIOKB 
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This,  very  nearly,  is  eqaivalent  to 

AlOjMgSiO^E'a .  3H2O+ Al(Si04)3Mg3H3 .  3HA 

commingled  in  the  ratio  of  1:5,  with  two-thirds  of  W3  being  MgOH. 
The  second  term  in  this  mixture  is  a  hydrous  phlogopite;  and  here 
again  we  have  trihydration,  with  two  molecules  of  water  loosely  held 
and  the  third  more  firmly  combined.  In  this  case  we  may  compare  the 
analysis,  reduced  to  alumino-magnesian  form  and  100  per  cent,  both 
with  the  formula  given  above  and  with  that  of  the  hydrous  phlogopite 
taken  separately. 


sio, 

AljOi 

MgO 

HfO,  oonatitational 
HAat250o-300o.. 
H30,oTerHiS04... 


Found. 

Calonlated. 

As  given. 

Asaphlo- 
gopite. 

38-51 

12-79 

2803 

6-61 

4-35 

972 

38-33 

12*88 

29-12 

6-56 

4-37 

8-75 

41*66 

11-84 

27-77 

6-25 

416 

8-82 

10000            10000 

100-00 

This  comparison,  which  is  in  the  main  satisfactory,  makes  it  i>erfect1y 
clear  that  kerrite  is  essentially  a  tribydrated  phlogopite,  with  the  alka- 
lies replaced  by  hydrogen.  The  analo^es  between  kerrite  and  jefferi- 
site  are  perfectly  clear,  and  both  minerals  become  monohydrated  by 
exposure  over  sulphuric  acid.  It  is  our  intention  to  examine  several 
other  vermiculites  in  the  near  future,  and  we  believe  that  all  of  them 
will  be  easy  to  interpret  with  the  aid  of  the  evidence  already  gained. 

FINAL  CONSIDEBATIONS. 

In  the  foregoing  i)ages  we  have  shown  conclusively  that  gaseous  and 
aqueous  hydrochloric  acid  differ  widely  in  their  action  upon  maguesian 
silicates.  We  bave  also  endeavored  to  show  that  in  this  group  of 
minerals,  the  gaseous  acid  attacks  only  that  part  of  the  magnesium 
which  is  present  as  the  univalent  group  — Mg — OH ;  and  altbough  the 
proof  is  far  from  complete,  the  evidence  in  favor  of  our  view  appears 
to  be  cumulative.  In  the  first  place  olivine,  which  can  not  contain 
hydroxyl,  is  almost  unattackeil  by  the  gas  in  the  range  of  temperatures 
studied.  Secondly,  serxientine,  which  must  contain  MgOH,  is  attacked 
proportionally  to  the  excess  of  oxygen  over  the  orthosilicate  ratio. 
The  results,  to  be  sure,  are  only  approximations  to  quantitative  accuracy, 
but  they  are  uniform  enough  to  warrant  our  conclusion.  Finally,  ripid- 
olite  behaves  like  serpentine,  and  give^  an  analogous  formula;  while 
the  micas,  which  presumably  contain  little  or  no  hydroxylated  mag- 

pesiai  ar^  but  slightly  affected.    All  the  e>ideuce,  so  far^  converges  to 
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the  one  conolasioD;  which  has  at  least  the  status  of  a  legitimate  work- 
ing hypothesis.  All  the  hydrous  silicates  so  tsLV  examined  are  not  alike 
in  their  behavior  towards  the  reagent^  but  only  those  are  attacked  by 
it  in  which  there  are  strong  reasons  for  Assuming  the  presence  of  the 
basic  MgOH. 

In  the  course  of  the  iuTestigation  certain  collateral  questions  have 
arisen  which  have  been  the  subject  of  experiment.  For  instance,  in  the 
action  of  gaseous  hydrochloric  acid  upon  silicates  may  not  insoluble 
oxychlorides  be  formed,  which  would  escape  notice  in  the  analysis  of 
the  soluble  portion!  To  answer  this  question  the  residues  were  in 
several  cases  examined,  and  found  to  be  practically  free  from  chlorine. 
Traces  only  of  chlorine  were  retained,  insufficient  to  modify  our  ratios. 
Furthermore,  precipitated  and  ignited  magnesium  oxide,  heated  at 
4080-^27^  in  gaseous  hydrochloric  acid,  was  almost  quantitatively  con- 
verted into  chloride,  showing  the  stability  of  the  latter  in  a  stream  of 
the  dry  gas ;  94*13  per  cent  of  the  required  chlorine  was  taken  up  by 
the  oxide,  so  that  the  possible  formation  of  oxychlorides  in  our  experi- 
ments may  be  fairly  left  out  of  account 

Similar  experiments  with  brudte,  however,  gave  apparently  anoma- 
lous results.  The  mineral  examined  was  typical  material  from  Texas, 
Lancaster  County,  Pennsylvania,  which  was  first  analyzed  and  sub- 
jected to  dehydration  estimations.    The  data  are  as  follows: 

MgO 67-97 

FeO ••• '. nntlet. 

MnO 0-97 

FejOa 0-39 

HaO 30-81 

10014 

Water  lost  at  105° 018 

"             ♦«    2.W^ 0-4(; 

**             "    383^-412^,  2  hours 757 

"              **            **          3     "      more 1937 

*«             "            «*          2     *'        "     ooi; 

*'             '*    4980-5270,1     *'       „ 0-2:^ 

"             "            *•         1     "      more uodo 

*<             *•    full  ignition 294 

The  greater  part  of  the  water,  therefore,  nine-tenths  of  it,  is  lost  at 
about  400°  C,  but  is  given  off  somewhat  slowly. 

Heated  for  28  houi*s  to  3830-412o  in  dry  hydrochloric  acid  gas,  con- 
stant weight  was  not  attained ;  but  at  this  point  the  experiment  was 
stopped,  and  only  10-33  per  cent  of  the  magnesia  had  been  converted 
into  chloride,  or  a  little  less  than  one-seventh  of  the  total  amount. 
Several  other  experiments,  at  temperatures  ranging  from  200°  to  500'=> 
gave  similar  results,  all  low,  and  in  no  case  was  more  than  one-fifth  of 
the  required  chlorine  absorbed.  At  the  higher  temperature,  498°  to 
527^,  the  reaction  went  farthest,  and  the  absorption  of  chlorine  was 
still  going  on  at  a  very  slow  rate.    In  this  ci^e,  the  brucite  must  have 
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become  almost  dehydrated ;  bat  the  oxide  so  formed  was  dififerent  in 
iu  behavior  from  the  precipitated  oxide  previously  examined.  The 
difference  may  have  been  dae  to  physical  causes,  such  as  a  different 
degree  of  compactness  in  the  material;  but  it  is  doubtful  whether  that 
supposition  would  fully  account  for  the  anomaly.  Probably  magnesium 
hydroxide,  like  other  hydroxides  investigated  by  Oarnelley  and  Walker,* 
undergoes  progressive  dehydration  through  a  series  of  stages ;  each 
8tep  being  attended  by  a  polymerization  ot  the  residue.  An  oxide  so 
formed  might  conceivably  be  more  stable  than  the  oxide  with  which  we 
previously  worked ;  at  all  events,  the  two  are  not  necessarily  identical. 
As  regards  the  bearing  of  these  data  upon  our  silicate  work,  we  can 
hardly  offer  satisfactory  conclusions.  Still,  magnesium  saturated  by 
hydroxyl  is  quite  differently  combined  from  magnesium  which  is  but 
half  saturated  with  that  radicle,  and  in  the  mixed  union  in  a-  silicate, 
the  polymerization  attending  dehydration  above  referred  to  could 
hardly  occur.  We  are  inclined  to  believe,  on  the  whole,  that  MgOH 
in  a  silicate  has  a  lower  order  of  stability  towards  gaseous  HCl  than 
the  compound  Mg(OB)2;  but  this  point  remains  to  be  proved.  We 
hope  to  continue  this  investigation  among  other  silicates ;  and  we  feel 
confident  that  the  data  so  far  obtained  have  value  quite  independently 
of  our  conclusions. 

*  Joar.  Chem.  800.,  1888,  vol.  53,  p.  H9. 
Ball.  78 3 
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In  the  Croat  of  tiie  earth,  with  its  liquid  and  gaaeoas  envelopes, 
aboat  seventy  ohemicid  elements  are  at  present  recognized.  Others, 
as  yet  unknown,  are  indicated  by  gaps  in  the  periodic  system  and  will 
probably  be  discovered  in  the  fhtore.  Some  of  the  elements  are  qaite 
plentiful,  some  are  exceedingly  rare,  and  in  any  thorough  discussion 
of  their  nature  and  relations  this  comparative  abundance  or  scarcity 
should  be  taken  into  account  Bven  though*  the  full  meaniufi:  of  the 
facts  may  not  be  discoverable  for  many  years  to  come,  it  is  worth  while 
to  put  them  into  something  like  systematic  order. 

In  its  larger  aspects  the  general  problem  is  at  present  unsolvable, 
for  the  reason  that  we  know  nothing  of  the  earth's  interior.  Its  sur- 
face only  is  within  our  certain  reach,  and  from  tlie  composition  of  tbat 
we  must  draw  nearly  all  our  conclusions.  For  that  which  lies  below 
the  crust  we  must  be  content  with  inferences  based  upon  the  scantiest 
of  data.  Of  the  crust  itself  the  average  composition  is  easily  computa- 
ble, and  the  calculation  gives  results  which  are  in  some  respects  sur- 
prising. 

In  order  to  have  a  definite  mass  of  matter  under  consideration,  we 
may  assume  for  the  earth's  known  crust  a  thickness  of  ten  miles  below 
sea-level.  The  volume  of  that  crust,  including  the  mean  elevation  of 
the  continents  above  the  sea,  is  1,9^,000,000  cubic  miles.  Of  this 
amount  302,000,000  cubic  miles  are  ocean  and  1,633,000,000  are  solid 
matter.  The  mass  of  the  atmosphere  is  equivalent  to  that  of  1,208,000 
cubic  miles  of  water,  the  unit  of  density.  For  these  data,  which  cover 
all  the  terrestrial  matter  acccl^sible  to  us,  I  am  indebted  to  Mr.  E.  8. 
Woodward,  of  the  XJ.  S.  Geological  Survey,  and  from  them  the  relative 
masses  of  solid  crust,  ocean,  and  atmosphere  can  be  determined  within 
narrow  limits  of  uncertainty.  To  sea  water  we  may  assign  a  density  of 
1*03,  which  is  a  trifle  too  high,  and  to  the  solid  rocks,  a  specific  gravity 
jot  lower  in  average  than  2*5,  nor  much  higher  than  2*7.    With  these 
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values  we  can  get  the  following  expression  for  the  percentage  com- 
position of  the  known  matter  of  the  globe : 


Per  cent. 

Density 
of  crust  2*5. 

Density 
of  crust  2-7. 

A  tmosDhere  ............................... 

•03 

7-08 

«2-89 

•03 

e-58 

93*39 

OoMkll .............................  .....r.. 

Solid  crust. ...>>  .•.>••.•••••.••.••■••>.... 

10000 

100*00 

In  short,  we  may  regard  the  earth's  crust,  to  a  depth  of  ten  miles,  as 
composed  essentially  of  93  per  cent,  solid  and  7  per  cent,  liquid  matter, 
treating  the  atmosphere  as  a  small  correction  to  be  applied  later. 
More  elaborate  estimations  are  unnecessary.  Since  the  known  nitro- 
gen of  the  earth  is  mainly  in  the  atmosphere,  its  relative  scarcity  as  an 
element  is  at  once  curiously  manifest.  It  cannot  possibly  exceed  0-025 
of  1  i>er  cent,  of  the  total. 

For  the  composition  of  the  ocean,  the  data  given  by  Dittmar  in 
the  Beports  of  the  Ohallenger  Expedition  are  perhaps  the  best  avail- 
able. The  maximum  salinity  he  puts  at  37-37  grammes  of  salts  in  the 
kilogramme  of  water,  and  by  taking  this  figure  instead  of  a  lower  value 
we  can  make  an  allowance  for  saline  masses  inclosed  in  the  solid  crust, 
which  would  not  otherwise  appear  in  the  final  averages.  Combining 
this  datum  with  Dittmar's  statement  of  the  average  composition  of  the 
ocean  salts,  we  get  the  second  of  the  subjoined  columns.  The  traces 
of  other  elements,  not  named  here,  which  have  been  found  by  various 
observers  in  sea  water,  are  too  small  to  be  considered. 


Composition  of  salts. 


Composition  of  ocean. 


IJaCl.. 
MgCl,. 
MgS04 
CaS04. 
K2SO4 . 
MgBr, 
CaCOj. 


77-76 

10-88 

4-74 

3-60 

2-46 

22 

■34 


100-00 


O.. 

n.. 
ci.. 

Na. 
Mg. 
Ca. 
K.. 
S... 
Br. 
C  .. 


85-70 

10*67 

2*07 

114 

•14 

•05 

-04 

•09 

•008 

•002 


100.000 


Dissolved  gases  need  not  be  taken  into  account,  and  no  other  con- 
stituent of  the  ocean  can  reach  0*001  of  1  per  cent. 

In  the  case  of  the  solid  crust  of  the  earth  the  problem  of  ascertaining 
its  mean  composition  is  far  less  simple ;  for  the  crust  is  not  a  homo- 
geneous body,  but  is  made  up,  so  to  speak,  of  shreds  and  patches — of 
old  crystalline  rocks^  of  volcanic  outflows,  and  of  all  manner  of  deposit'^ 
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of  sedimentary  origin.  It  is  ydned  and  seamed  with  diverse  minerals, 
it  incloses  pockets  of  varioos  materials,  and  upon  its  Bvatace  are  quan- 
tities of  organic.matter  and  great  bodies  of  fresh  water.  At  first  sight 
it  would  seem  to  be  impossible  to  determine  the  average  composition  of 
such  a  mass,  and  yet,  upon  consideration^  the  question  is  not  seriously 
complicated.  In  a  crust  ten  miles  thick  a  section  having  the  superficial 
area  of  the  ITnited  States  represents  only  about  1-6  per  cent  of  the  total; 
so  that  all  veins,  i>ocket8,  patches,  organic  substances,  etc,  become  in- 
significant in  comparison  with  the  whole  mass,  and  even  the  lakes  and 
rivers  are  neglectable  quantities.  On  any  attempt  to  compute  their 
percentages  they  vanish  into  the  dim  recesses  of  the  remoter  decimals. 
Discarding  these  trivial  constituents  the  question  becomes  one  of  the 
mean  composition  of  the  dominant  rock  material,  and  in  that  form  it  is 
comparatively  sin^ple. 

In  the  first  place,  we  may  assume  that  the  volcanic  and  crystalline 
rocks  represent  pretty  chMcly  the  general  composition  of  the  whole 
crust;  for  from  them  the  sedimentary  rocks  have  been  formed,  and  the 
latter  differ  from  the  parent  formations  only  in  the  carbon  which  they 
have  taken  up  from  the  air  and  in  the  loss  of  saline  constituents  which 
have  been  leached  out  to  the  ooean.  For  this  gain  and  loss,  respect- 
ively, approximate  corrections  are  possible. 

In  the  second  place,  we  must  regard  the  original  rock  matter,  vol- 
canic and  crjrstalline,  as  being  in  a  large  sense  fairly  homogeneous. 
However  greatly  these  formations  may  vary  locally,  they  should  average 
pretty  much  alike  all  over  the  world  when  sufficiently  large  areas  are 
considered.  This  assumption  can  be  tested  in  the  light  of  evidence,  as 
follows:  We  may  average  together  great  numbers  of  analyses,  grouped 
in  various  ways,  and  so  determine  whether  the  results  are  seusibly  con- 
stant. This  has  been  done  in  the  subjoined  table,  minor  and  occasional 
constituents  being  temporarily  omitted,  to  be  separately  considered 
later. 

Table  of  analyses  of  rocks. 

A.  The  mean  of  82  analyses  of  yolcanic  rocks  from  the  Western  Territories  of  the 
United  States,  pnblished  in  Clarence  King's  Sarvey  of  the  Fortieth  Parallel. 

B.  G4  analyses  of  rocks  from  the  Yellowstone  Park,  taken  from  the  laboratory 
records  of  the  U.  S.  Geological  Snrvey. 

C.  54  analyses  of  volcanic  rocks  collected  in  northern  California ;  also  from  the 
Snrvey  records. 

D.  *3Q  analyses  of  ornptive  rocks  from  various  localities  in  the  Western  United 
States,  taken  from  the  Survey  records. 

E.  80  crystalline  and  archean  rocks  from  all  parts  of  the  Unite<l  States.  Of  these 
analyses  50  were  taken. from  the  Snrvey  records,  23  flrom  the  40th  Parallel  Report, 
and  7  from  the  report  of  the  New  Hampshire  Survey,  vol.  3. 

F.  75  analyses  of  European  volcanic  and  crystalline  rocks,  taken  at  random  from 
^Y^  recent  volumes  of  the  Neuos  Jahrbuch. 

G.  48{>  miscellaueons  plntonic  rocks,  analyzed  between  1H79  and  188.3,  and  collected 
by  Roth  ill  his  '*  Beitriige  zur  Petrographie  der  plutonischen  Gesteine/' 

H.  The  mean  of  the  foregoing  880  analyses. 
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A. 

B. 

61-89 
15*73 
3-18 
2-40 
4-58 
3*08 
2-70 
3-70 
1-59 

C. 

D. 

E. 

P. 

59-80 
14-65 
4.99 
2-92 
5-19 
3-45 
3-06 
2«8 
2-09 

G. 

56-75 
14-90 
4-58 
3*71 
6-79 
5-22 
2-90 
3-24 
212 

H. 

5859 
15'04 
3-94 
3-48 
5-29 
4-49 
2-90 
3-20 
1-96 

98  89 

SiO, 

A1,0« 

Fe^O, 

FeO 

CaO 

MgO 

K/) 

N»,0 

H,0 

61*89 
15-71 
1-81 
3-65 
4-51 
2-40 
3-54 
3-28 
1*69 

60-49 
16-08 
247 
2*86 
6-15 
4-31 
1-80 
331 
112 

60-66 
15-46 
2*74 
2-27 
4*71 
3*35 
3*97 
3-54 
•97 

60-60 
14-30 
3*35 
4-31 
3-52 
600 
2-52 
2-49 
2*53 

98*48 

98-86 

98-59 

97-67 

98-52 

99-13 

99-Sl 

That  these  means  are  remarkably  concordant,  especially  as  regards 
the  columns  A  to  F,  is  at  once  evident ;  but  a  redaction  to  elementary 
form  renders  the  agreement  even  more  striking. 


Table  of  analyses  of  rocks — Elementary  substances. 


• 

A. 

B. 

C. 

D. 

28-31 
818 
3-68 
3-37 
201 
3-29 
2-63 
-11 

46-00 

E. 

F. 

G. 

26-50 
7-89 
609 
413 
3-13 
2-41 
2-56 
-24 

46  26 

H. 

Si 

28-88 
8-31 
4-11 
322 
1-44 
2.04 
2-43 
-19 

46-96 

28-88 
8-32 
4  09 
8-27 
1-85 
2-24 
2-74 
-18 

47-28 

28-23 
8-51 
3-96 
4*30 
2-58 
1-49 
2-46 
•12 

46-85 

28-23 
7-67 
5-71 
2-51 
3-00 
2-09 
1-85 
•28 

47-28 

98-52 

27-91 
7-75 
5-77 
3-71 
207 
2-54 
2-21 
-23 

46-94 

27-34 
7-96 
5-47 
3-78 
2-69 
241 
2-87 
•22 

46-65 

Al 

Fe 

Ca 

Me '. 

■•"6  ••»«..•-. 

K 

Na 

H 

0 

98-48 

98-85 

98-59 

97-67 

99-13 

90-21 

98-89 

The  thesis  that  the  crnst  of  the  earth  is  fairly  homogeneons  in  com- 
position is  thus  sustained  by  positive  evidence.  The  variations  in  the 
foregoing  table  are  as  small  as  could  reasonably  be  expected. 

So  far,  however,  only  nine  of  the  rock-forming  elements  are  accounted 
for.  The  proportions  of  the  others  are  less  easily  computable,  althoagh 
in  some  cases  fair  estimates  can  be  made.  In  certain  directions  very 
many  of  the  analyses  considered,  especially  in  the  columns  A  and  G, 
were  incomplete,  constituents  like  titauiam,  manganese,  phosphorus, 
etc.,  having  been  ignored  as  not  essential  to  the  purpose  of  the  analyst. 
These  substances  appear  in  part,  therefore,  as  impurities  in  the  silica 
and  alumina,  rendering  the  latter  a  trifle  too  high. 

For  several  of  the  less  frequently  determined  elements  the  laboratory 
records  of  the  U.  S.  Geological  Survey  furnish  data.  In  211  analyses 
of  volcanic  and  crystalline  rocks  there  recorded,  titanium,  manganese, 
and  phosphorus  were  determined  in  a  great  majority  of  cases,  and 
other  elements  appear  frequently  enough  to  prove  something  as  to 
their  relative  abundance.     Taking  these  211  analyses  all  together, 
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they  show  the  foUowing  mean  percentages  for  the  oonstitnents  in 
question: 

TiO, ^. 0-66 

PaOft .•....'..^ : *22 

MnO -10 

COa -37 

S «034 

Cr,Os— i-: -021 

BaO ^ -083 

SrO , -009 

CI -OW 

LicO : -Oil 

All  of  these  figures,  obviously,  are  imdtfr-estimates,  for  the  determina- 
tions were  not  made,  in  all  oases.  Furthermore,  the  rocks  analyzed 
were  varied  enough  in  origin,  locality,  and  character,  to  avoid  any 
camalative  error  due  to  the  peculiarities  of  any  one  formation  or  area. 
The  value  for  titanic  oxide  includes  whatever  zirconia  may  have  been 
present  in  the  various  rock  samples,  but  although  the  latter  base  is 
widely  diffused,  its  proportion  can  not  be  very  high.  Titanium,  there- 
fore,  must  be  regarded  as  more  abundant  than  phosphorus,  manganese) 
or  sulphur — a  result  hardly  to  have  been  expected.  This  conclusion, 
however,  is  borne  out  by  evidence  from  other  sources.  Titanium  is 
rarely  absent  from  the  older  rocks ;  it  is  almost  universally  presept  in 
soils  and  days,  and  it  is  often  concentrated  in  great  quantities  in  beds 
of  iron  ore.  Having  no  very  striking  characteristics  and  but  little  com- 
mercial importance,  it  is  easily  overlooked,  and  so  it  has  a  popular 
reputation  for  scarcity  which  it  does  not  deserve.  Among  all  the  ele- 
ments it  probably  ranks  tenth  or  eleventh  in  point  of  absolute  abund- 
ance and  is  rare  only  as  regards  obvious  concentrations.  In  the  solar 
spectrum  it  is  one  of  the  most  conspicuous  of  substances. 

For  phosphoric  acid  and  manganese  the  data  given  are  probabl3^  not 
far  out  of  the  way,  but  in  the  case  of  carbon  the  estimation  is  more 
troublesome.  The  percentage  of  OO2  in  volcanic  and  crystalline  rocks, 
0-37,  is  doubtless  untrustworthy,  for  the  reason  that  surface  rocks  are 
mainly  represented,  in  many  of  which  alteration  may  have  begun. 
The  figure,  however,  may  be  used  as  an  offset  for  the  undeterminable 
carbon  existing  in  coal,  shales,  petroleum,  etc.  As  regards  the  lime- 
stones, rough  estimates  of  tlieir  quantity  must  suffice,  and  we  may  pro- 
visionally accept  that  of  T.  Mellard  Beade  as  given  in  his  essay  ou 
"  Chemical  Denudation  in  Eolation  to  Geological  Time."  AeconlinK 
to  Reade,  the  existing  bodies  of  limestone  are  equivalent  to  a  layer  of 
the  rock  528  feet  thick  and  completely  enveloping  the  globe.  This  is 
approximately  I  per  cent  of  the  crust  under  consideration,  and  repre- 
sents 0-44  per  cent  of  QO,.  To  this  we  may  add  the  0-37  per  cent 
given  above,  making  0*81  per  cent  in  all— an  estimate  which  can  hardly 
be  too  low. 

In  the  case  of  sulphur,  the  figure  given,  0-034  per  cent,  is  surely 
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mncb  too  low ;  for  salphar  is  abandant  both  in  salphates  and  in  sal- 
phides,  and  iron  pyrites  especially  is  widely  diffused.  The  absolute 
proportion  of  this  element  seems  to  be  hardly  determinable.  It  should 
be  at  least  0*05  and  probably  not  over  0*10  per  cent.  For  chlorine, 
chromium,  barium,  and  strontium  the  figures  are  minima,  but  can  not 
be  very  largely  increased.  The  value  for  lithia  is  probably  not  far  out 
of  the  way,  for  that  oxide  is  almost  universally  present  in  minute  traces 
in  the  older  crystalline  rocks,  although  it  is  rarely  estimated  in  ordi- 
nary analyses. 

Now,  taking  the  mean  of  880  analyses  as  cited  in  column  H  of  the 
table,  we  may  insert  in  it  the  additional  Values  so  far  determined,  but 
with  certain  qualifications.  In  about  half  of  the  analyses  Ti02,  PsOs, 
and  CrjOs  were  not  estimated,  but  their  amounts  appear  in  the  figures 
for  silica  and  alumina.  The  silica,  then,  may  be  reduced  by  about  one- 
fourth  the  percentage  of  the  titanic  oxide,  and  the  alumina  by  the  other 
fourth,  plus  half  the  values  assigned  to  P3O5  and  CrsOj.  Making  these 
corrections,  reducing  to  elementary  form,  and  recalculating  to  100  per 
cent,  we  get  a  rough  approximation  to  the  mean  composition  of  the 
solid  crust  of  the  earth.  To  this  approximation  the  other  unestimated 
elements  may  be  regarded  as  future  corrections  Qf  very  small  amount 
Combining  this  result  with  the  mean  composition  of  the  ocean,  and  in- 
cluding 0*02  per  cent  for  the  nitrogen  of  the  air,  we  get  the  final  column 
to  illustrate  the  abundance  of  the  elements  so  far  as  at  present  known. 
Quantities  less  than  0*01  per  cent  are  left  out  of  consideration. 


• 

Solid  oruBt, 
1^  per  cent. 

47-29 
27  21 
I'Sl 
G'id 
3-77 
2-68 
236 
2^40 

•21 

•33 

•22 

•01 

Ocean, 
7  per  cent. 

85^7» 

Mean,  in* 
eluding  air. 

Ox  vfren .......... 

49-98 
25-30 
7-26 
508 
351 
2*50 
2-28 
2-23 

•94 

•30 

•21 

1     15 

•09 

-07 

•044- 

•03 

•02 

•01 

Silicon 

Alamiunm 

Iron 

Calcinm r- 

liagnesiam 

Sodioni 

•05 

•14 

1*14 

•04 

1067 

Potassinm 

Hydrogen 

Titanium 

Carbon 

•002 
2-07 
•008 

Chlorine 

Bromine 

Phoapliorus 

Mangaueno 

Sulphur 

•10 
•08 
•03+ 
•03 

•09 

Barium 

Nitrogen 

Chivmiam 

•01 

10000 

100000 

10000 

Nineteen  of  the  elements  are  here  provided  for  with  very  varying 
degrees  of  probability, 'although  their  order  in  the  last  column  is  pre- 
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sumably  corteot  The  nnoertainty  may  reach  1  per  cent  in  the  oases  of 
silicon  and  iron,  one-half  as  much  with  alamiuamand  oxygen,  and  is 
proportionally  less  for  the  other  elements  specified.  The  remaining 
elements,  more  than  fifty  in  namber,  can  hardly  aggregate  over  1  per 
cent  altogether,  and  not  one  of  them  conid  pass  0*05  per  cent  in  rela- 
tive quantity.  Some  of  them  may  be  briefly  considered  in  detail,  as 
follows: 

Fluorine, — ^Abundant  in  flnor-spar  and  apatite  and  present  in  many 
rocks  as  a  constitaent  of  topaz  or  mica.  If  the  phosphorns  in  the  fore- 
going estimate,  OHM  per  cent,  represents  mainly  apatite,  the  propor- 
tional amounted  fluorine  would  be  0HK2  to  0*03,  the  minimum  assignable 
valae. 

Qludnum. — Widely  distributed  as  beryl  and  easily  overlooked  in 
small  traces.  If  determined,  it  would  appear  as  a  correction  to  the 
alamina. 

Boron. — Comparatively  abundant  in  tourmaline  and  datolite  and 
conspicuous  in  certain  volcanic  waters ;  difficult  to  estimate* 

The  Cerium  growp^^AeooTdiug  to  Cross  and  Iddings,  allanite  is  a 
widespread  constituent  of  rooks.  The  same  is  true  of  monazite,  as 
shown  by  Derby.  Uiese  elements,  together  with  thorium,  zirconium, 
and  the  yttrium  groups,  would  appear  as  corrections  to  alumina. 

Nickel — ^Frequent  in  rocks  composed  of  or  derived  from  olivine. 
Less  than  0*01  per  cent. 

The  metallic  oddM — stannic,  molybdic,  tungstic,  columbic,  and  tan- 
talic. — ^These,  if  determined,  would  form  corrections  to  silica.  The 
same  is  true  to  some  extent  of  barium  when  present  in  rocks  as  sal- 
phate. 

The  heavy  metals. — Widely  distributed  in  rocks,.according  to  San- 
berger's  researches,  but  in  very  small  quantities. 

In  the  larger  items,  say  from  oxygen  down  to  the  alkaline  metals,  the 
estimates  here  given  do  not  difler  very  widely  from  others  which  have 
been  long  current  in  chemical  and  geological  literature.  They  rost, 
however,  upon  fuller  evidence,  and  the  discussion  is,  perhaps,  more 
complete.  In  the  smaller  items  the  new  results  display  the  greatest 
novelty,  and  future  modifications  are  most  likely.  The  comparative 
rarity  of  carbon  and  sulphur  is,  to  say  the  least,  surprising. 

On  the  theoretical  side  the  results  attained  are  not  easy  to  interpret. 
That  nine  of  the  chemical  elements  should  constitute,  at  the  lowest 
estimate,  98  per  cent  of  all  known  terrestrial  matter  is  somewhat  start- 
ling and  difficult  to  comprehend.  Are  the  other  elements  concentrated 
in  the  interior  of  our  planet  f  On  this  point  there  is  a  little  positive 
evidence. 

The  mean  density  of  the  earth,  5-5  to  5*6,  is  more  than  double  that  of 
the  rocky  crust,  and  the  diflerence  may  be  accounted  for  as  a  result  of 
pressure,  or  by  supposing  that  as  the  globe  cooled  the  heavier  elements 
accumulated  toward  the  center.    Both  suppositions  may  be  true  in 
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part,  bat  less  weight  is  to  be  placed  upon  the  second,  for  the  following 
reason :  A  mixture  of  the  elements  in  equal  proportions,  in  the  free 
state  and  as  they  behave  at  the  earth's  surface,  would  have  a  specific 
gravity  of  about  7*3.  In  combination  the  density  would  be  greater 
because  of  condensation,  and  below  the  surface  it  would  also  be  in- 
creased by  pressure.  Hence  it  seems  clear,  since  the  density  of  the 
earth  is  only  5'5,  that  in  the  planet  as  a  whole  the  lighter  elements 
must  very  considerably  exceed  in  quantity  the  heavier  ones.  Twenty- 
nine  of  the  known  elements  have  densities  below  5-5,  and  forty  exceed 
that  figure,  iron  being  the  only  one  of  the  heavier  group  which  is  at  all 
abundant.  The  greater  part  of  the  earth's  mass  is  almost  certainly  to 
be  found  among  the  twenty-nine  lighter  elementa  The  others  may  be 
more  plentiful  at  the  center  of  the  globe  than  upon  its  surface,  but  few 
beside  iron  can  be  dominant  constituents.  This  evidence  seems  to  be 
clear,  even  though  it  is  not  proof  positive.  Whether  the  composition  of 
meteorites  can  be  made  to  shed  any  light  upon  this  question  is  very 
doubtful,  although  some  interesting  analogies  might  be  discovered. 
The  resemblance  between  meteoric  stones  and  volcanic  rocks  is  note- 
worthy, and  the  richness  of  meteorites  in  metallic  iron  and  nickel  is 
suggestive.  The  earth,  below  its  crust,  may  be  like  a  huge  meteorite 
in  composition,  with  the  stony  part  predominating. 

An  attempt  was  made  in  the  course  of  this  investigation  to  represent 
the  relative  abundance  of  the  elements  by  a  curve,  taking  their  atomic 
weights  for  one  set  of  ordinates.  It  was  hoped  that  some  sort  of 
periodicity  might  be  evident,  but  no  such  regularity  appeared.  No 
definite  connection  with  the  periodic  law  seemed  to  be  traceable.  And 
yet  certain  other  regularities  are  worth  noticing.  All  of  the  abundant 
elements  are  low  in  the  scale  of  atomic  weights,  reaching  a  maximum 
at  56  in  iron.  Above  56  the  elements  are  comparatively  rare,  and  only 
two  of  them,  barium  and  strontium,  ap|)ear  in  my  estimates.  Below 
oxygen,  hydrogen  alone  approaches  1  per  cent,  while  between  oxygen 
and  iron  only  scandium  and  vanadium  are  of  neglectable  rarity.  Fur- 
thermore, in  several  elementary  groups  abundance  diminishes  with 
increase  of  atomic  weight.  This  is  plainly  seen  in  the  series  potassium, 
rubidium,  and  csesium ;  in  sulphur,  selenium,  and  tellurium ;  in  chlorine, 
bromine,  and  iodine ;  in  arsenic,  antimony,  bismuth,  etc.  The  regularity 
is  not  certainly  invariable,  but  it  occurs  often  enough  to  be  suggestive. 
Again,  in  the  distribution  of  the  elements  with  regard  to  each  other 
there  are  indications  of  something  like  system.  Closely  allied  elements 
commonly  occur  together,  so  that  the  presence  of  one  implies  the  pres- 
ence of  the  others;  for  example,  cobalt  and  nickel  are  almost  always 
associated;  vanadium  is  rarely  found  unaccompanied  by  at  least  some 
phosphorus;  nearly  all  native  gold  contains  silver;  no  member  of  the 
platinum  group  ever  occurs  singly,  and  so  on.  Still  another  kind  of 
order  seems  to  appear  among  the  compounds  formed  in  the  earth's  crust, 
and  elements  of  high  atomic  weight  appear  to  seek  each  other.    Thus 


^^         .     ■'.■        ■■  -.  ■    ■  .■  .'-■'•  ■-.-.r-l 


'1 


42  WA8HIN0TOK  LABOKAtdBT.  ti0u.fl 

in  the  series  oxT^flren,  sulphur,  ftBleniaiD,  tellarimn,  fheeommoiiest  oxides 
range  from  iron  downward  i  the  commonest  solphides  range  flcom  iron 
upward,  while  the  selenldes  and  tellaridesarepvefJBrablyibnnedby  the 
heavier  elements  sil  ver,  gold,  leadj  and  bismuth.  iSo  also  the  phosphates 
are  most  abundant  below  iron,  where  arsenates  are  of  extreme  rarity; 
while  above  iron  the  arsenates  occnr  more  frequently.  These  relations 
can  not  be  meaningless,  but  what  they  mean  is  not  yet  dear. 

Perhaps  a  part  of  the  difficulty  in  tracing  periodic  relations  in  the 
comparative  abnndance  of  tbe  elements  arises  from  the  fact  that  our 
field  of  view  is  limited  to  the  earth  and  does  not  include  the  whole 
solar  system.  Indeed,  several  writers,  reasoning  on  the  broader  basis 
of  the  nebular  hypothesis  and  noting  the  low  densities  of  the  outer 
planeto,  have  argued  that  the  latter  may  contain  the  lighter  elements 
mainly,  while  tiie  heavier  substances  are  concentrated  at  the  original 
nucleus,  the  sun.  Along  this  line,  however,  dose  reasoning  is  impos* 
sible,  partly  because  evidence  is  lacking  and  partly  because  the  cqndi- 
tions  of  temperature  and  pressure  differ  so  widely  between  the  sun  and 
the  other  heavenly  bodies.  As  thus  attacked,  the  problem  becomes  one 
of  enormous  complexity,  and  even  the 'solar  spectrum  gives  us  no 
coDclusive  evidence.  That  oxygen  and  silicon  are  not  conspicuous  in 
the  sun's  atmosphere  we  may  admits  but  that  nonvolatile  silica  is  absent 
from  the  solar  body  is  by  no  means  certain.  We  may  assume  that  com- 
pounds can  exist  nowhere  in  the  sun,  but  the  a8S^mption  is  unprovable. 
As  to  the  composition  of  the  outer  planets  we  know  practically  noth- 
ing. How  far  they,  may  differ  from  each  other,  from  the  earth,  and 
from  the  sun  is  as  yet  a  matter  of  pure  conjecture. 

If,  despite  Mendelejeff's  recent  demurrer,  we  assume  that  the  elements 
have  been  evolved  from  one  primordial  form  of  matter,  their  relative 
abundance  becomes  suggestive.  Starting  from  the  original  ^'protyle,'' 
as  Crookes  has  called  it,  the  process  of  evolation  seems  to  have  gone 
on  slowly  until  oxygen  was  reached.  Below  oxygen  we  have  the  ele- 
ments hydrogen,  lithium,  glucinum, boron,  carbon, and  nitrogen, between 
which  no  remarkably  strong  affinities  occur.  With  the  appearance  of 
oxygen  strong  affinities  come  into  play,  the  process  of  evolution  exhibits 
its  greatest  energy,  and  the  elements  forming  stable  oxides  are  the  most 
rapidly  developed  and  in  the  largest  amounts.  On  this  supposition, 
vague  as  it  is,  the  scarcity  of  the  elements  above  iron  becomes  some- 
what intelligible;  but  the  theory  does  not  account  for  everything  and 
is  to  be  regarded  as  merely  tentative.  It  is  legitimate  only  so  long  as 
its  purely  speculative  character  is  kept  clearly  in  view.  If,  however, 
the  evolution  of  the  elements  is  admitted,  it  is  clear  that  the  later 
stages  of  the  process  must  have  been  seriously  conditioned  by  the  chem- 
ical affinities  developed  at  first. 


ON  THE  OCCURRENCE  OF  NITROGEN  IN  URANINITE  AND  ON  THE 

COMPOSITION  OP  URANINITE  IN  GENERAL.' 


By  W.  F.  Hillebband. 


GENERAL  INTBODUOTORY  REMARKS. 

When  the  work  which  is  described  in  the  following  pages  was  com- 
loenced  in  1888  it  was  simply  as  au  analysis  of  a  fragment  of  a  large 
crystal  of  araninite  from  Glastonbury,  Connecticut,  without  thought 
of  further  extension.  Thoria  had  been  found  in  it  and  quantitative 
analysis  was  made  in  order  to  learn  if  possible  whether  this  belonged 
to  the  araninite  or  was  due  to  an  accidental  admixture  of  thorium  sili- 
cate as  found  by  Penfteld*  to  be  the  case,  at  least  in  part,  for  the  thoria 
in  monazite  from  Portland,  Connecticut,  and  Amelia  County,  Virginia. 
It  was  hereby  established  that  the  10  per  cent  of  thoriafound  was  a 
constituent  of  the  nraninite,  and  the  unexpected  discovery  was  made 
that  no  formula  in  the  slightest  degree  corresponding  to  that  found  by 
Comstock^  for  the  Branchville,  Connecticut,  uraninite  and  by  Blom- 
strand^  for  the  Norwegian  and  Bohemian  varieties  could  be  assigned  to 
this  from  Glastonbury.  The  hitherto  unanalyzed  uraninite  formerly 
fonnd  at  Black  Hawk,  Colorado,  was  then  examined  and  was  likewise 
not  referable  to  the  orthouranate  formula  of  Blomstraud.  No  thoria 
was  found  in  it,  but  instead  about  7  per  cent  of  zirconia.  In  both  case« 
about  60  per  cent  of  CJO2  had  l>een  found,  whereas  the  highest  porcent- 
aj^e  given  by  any  other  analyst  was  in  the  neighborhood  of  54  per  cent 
for  the  Branchville  variety.  My  own  experiments  had  shown  such  ex- 
traordinary variations  in  the  percentages  of  UO2  found  by  the  ordinary 
method  of  decomposing  with  sulphuric  acid  in  sealed  tubes  filled  with 
carbonic  acid  and  titrating  with  potassium  permanganate  that  a  re- 
examination of  the  Branchville  mineral  seemed  desirable. 

Profs.  Brush  and  Dana,  of  New  Haven,  very  kindly  placed  at  my 
disposal  the  remainder  of  their  material  from  that  locality,  it  being  the 
same  lot  from  which  Comstock  had  selected  his  sample  for  analysis. 
While  diflferent  samples  showed  different  amounts  of  IJO2,  the  results 
were  from  10  to  18  per  cent  higher  than  Comstock's,  and  moreover, 
about  7  per  cent  of  thoria  was  found  which  had  been  entirely  overlooked 


'  An  abstract  of  tbia  paper  was  pablisbed  in  tbe  Am.  Joar.  Sci.,  1890,  vol.  40,  p.  384. 
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by  him.  This  latter^  as  in  the  Olastonbary  mineral,  was  not  referable  to 
any  thorium  silieatOi  nor  to  a  phosphate^  but  belooged  to  the  oraninite. 
Comstock's  formnlay'3ROt+2B03,  for  the  Branehviile  uraninite  wae  of 
course  hereby  invalidated.  Of  North  Ameriean  oocorrenoes  of  this  min- 
era!  it  only  remained  to  examine  that  ttom  North  Carolii^  From  the 
Black  HillSy  Dakota,  where  it  has  been  reported  to  occnr,  I  have  been 
unable  to  procare  spedmenSi  and  the  same  can  be  said  of  the  at  tha^i 
time  unknown  Uuio  Oonnty,  Texas^  locality,  whence  a  closely  allied 
mineral,  nivenite,  has  recently  been  described  by  Hidden  and  Mackin- 
tosh.^ Owing  to  its  evident  alteration  it  was  not  expected  that  light 
would  be  thrown  on  the  question  of  original  composition  by  an  exam- 
ination of  the  North  Carolina  material,  but  the  presence  or  absence  of 
thoria  could  be  ascertained,  as  it  was  affirmatively  by  finding  that  and 
other  earths. 

In  view  of  what  had  thus  been  learned  regarding  the  nraninites  of 
this  country  it  seemed  advisable  to  reexamine  the  Enropean  varieties. 
Specimens  from  Prsibram,  Joschimsthal,  and  Johanngeorgenstadt  con- 
tained no  rare  earths  whatever,  but  they  were  so  contaminated  with 
carbonates  and  snlphides  and  some  combination  of  vanadium  that  it 
seemed  for  the  present  useless  to  attempt  an  estimation  of  UOs  in  them. 
Through  ProfL  F.  W.  Olarke,  of  the  IT.  S.  Geological  Survey,  there  were 
obtained  from  Prof;  A.  B.  NordenskiSld  specimens  marked  cleveite  from 
four  localities  near  Bfoss,  Norway,  and  to  Prof.  W.  O.  Brdgger  are  due 
my  thanks  for  specimens  of  Blomstrand's  original  broggerite,  and  of 
the  supposed  thorium-firee  uraninite  analyzed  by  Lorenzen'  and  quoted 
by  Blomstrand'  as  a  striking  proof  of  the  correctness  of  his  view  that 
all  varieties  of  uraninite  may  be  referred  to  the  orthourauate  type. 
These  six  samples  contained,  without  exception,  thoria  and  other  earths, 
in  no  case  less  than  8  per  cent,  and  the  four  from  Prof.  Nordenskiold, 
with  one  exception,  proved  not  to  be  cleveite.  Notwithstanding  certain 
variations  in  composition  they  were  evidently  one  and  the  same  mineral, 
just  as  were  those  from  Branehviile  and  Glastonbury ;  and  the  Norwe- 
gian and  Connecticut  varieties,  though  differing  greatly  in  their  rela- 
tive proportions  of  UOa  and  UO3  and  in  their  resistance  to  the  solvent 
action  of  acids,  were  manifestly  specifically  identical. 

These  analyses  had  been  practically  completed  and  a  portion  of  the 
results  very  briefly  communicated  to  the  public  from  time  to  time,* 
when  in  consequence  of  a  certain  observation  and  its  resnlts  an  en- 
tirely new  direction  was  given  to  the  work  and  its  scope  wonilerfully 
broadened.  This  was  the  discovery  of  a  hitherto  unsuspected  element 
in  uraninite,  existing  in  a  form  of  combination  not  before  observed  in 
the  mineral  world.    As  already  published^  all  tests  unite  in  showing 
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that  this  elemeDt  is  nitrogen,  which  is  given  off  in  a  gaseous  form  on 
heating  the  mineral  with  a  non-oxidizing  acid,  or,  as  ascertained  later, 
by  fnsing  it  with  an  alkaline  carbonate. 

It  is  very  unfortunate  that  this  discovery  of  an  escape  of  gas  when 
treated  with  an  acid,  or  rather  the  recognition  of  its  important  bearing, 
for  the  observation  was  made  at  an  early  date,  did  not  occur  sooner ; 
for  then  more  satisfactory  results  could  have  been  obtained  with  the  in 
more  than  one  respect  most  valuable  material  from  Branchville,  and 
nearly  all  the  analyses  would  have  been  carried  out  with  the  most 
painstaking  care,  in  order  to  secure  the  utmost  possible  accuracy  in 
summation,  the  importance  of  which  will  appear  in  the  sequel.  Inas- 
much as  the  analyses  were  made  solely  with  a  view  to  ascertain  the  per- 
centages of  rare  earths  and  the  relative  proportions  of  TJOj  and  UO3, 
where  a  variation  of  half  a  per  cent  or  even  more  from  the  true 
snmimation  was  of  very  little  consequence,  that  extreme  care  in  the 
preparation  and  use  of  reagents  and  in  analytical  manipulation  which 
subsequently  acquired  knowledge  showed  to  be  so  necessary  was  not 
exercised.  Partly  in  consequence  of  this  and  partly  because  of  the 
length  of  time  required  for  these  investigations  caused  by  a  want  of 
abundant  material,  which  necessitated  oftentimes  awaiting  the  result 
of  one  experiment  or  analysis  before  venturing  upon  another,  it  has 
been  impossible  to  bring  this  investigation  as  far  forward  as  was  ex- 
pected!. So  much  time  has  elapsed  since  it  was  begun,  and  results  of 
so  much  importance  have  been  achieved,  that  it  seems  advisable  to 
make  them  public  now  in  detailed  form,  incomplete  as  they  are  in  some 
respects  and  difficult  of  interpretation  in  certain  directions. 

Before  proceeding  to  discuss  the  analyses  themselves  it  is  necessary 
to  give  in  some  detail  the  methods  of  analysis  pursued,  in  order  that 
the  degree  of  credence  to  be  accorded  the  results  may  be  fairly  weighed, 
and  to  present  the  evidence  upon  which  the  gas  obtained  from  uraninite 
has  been  pronounced  nitrogen. 

PREPARATION  OP  SAMPLES  FOR  ANALYSIS. 

As  a  prelude  to  the  description  of  analytical  processes  employed,  the 
manner  of  freeing  the  sample  as  far  as  possible  from  adhering  gangue 
may  be  briefly  described.  The  specimens  consisted,  except  in  the  case 
of  the  amorphous  Colorado,  Bohemian,  and  Saxon  varieties,  of  crystals 
and  crystal  fragments  more  or  less  coated  and  invaded  by  a  feldspar 
or  mica,  or  both,  sometimes  by  columbite  or  a  little  quartz,  and  the 
surfaces  opened  up  by  fractures  were  often  more  or  less  coated  with  a 
reddish  infiltration  product  which  was  little,  if  at  all,  soluble  in  the  weak 
nitric  acid  employed  for  dissolving  the  uraninite  on  commencing  an 
analysis.  The  sample  was  reduced  to  two  or  three  grades  of  fineness 
by  crushing  and  passing  through  several  small  sieves  superposed  one 
upon  the  other,  care  being  taken  to  form  as  little  fine  dust  as  possible. 
When  all  had  passed  the  coarsest  sieve,  the  different  fractions  were 
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washed  by  deoautatiou  to  free  from  dust,  and  then  carefully  panned 
in  watch-glasses  of  suitable  sizes.  By  this  means  all  the  mica  and  the 
greater  part  of  the  other  lighter  impurities  were  removed  and  a  very  fair 
degree  of  purification  was  reached.  The  columbite,  if  present,  remained 
mostly  with  the  ilraninite,  but  caused  little  subsequent  trouble.  When 
no  more  gangue  could  be  panned  out  without  too  great  loss  of  material, 
the  diiierent  {K)rtions  were  united,  the  specific  gravity  of  the  combined 
sample  dried  at  lOO^  G.  was  taken,  and  it  was  then  finely  ground.  The 
fine  dust  formed  in  the  preliminary  crushing  was  not  used,  unless  for 
qualitative  work,  being  generally  too  much  contaminated  with  gangue. 
The  panned  material  was  always  examined  under  the  lens  when  dry, 
and  aside  from  an  occasional  adhering  reddish  fragment  appeared  clean 
and  free  from  foreign  bodies. 

2CETHODS  OF  ANALYSIS. 

Ordinarily  not  less  than  two  grammes  was  taken  for  the  main  analysis. 
Solution  was  effected  in  the  least  possible  quantity  of  weak  nitric  acid 
at  the  temperature  of  the  water  bath  so  as  to  dissolve  as  little  of  the 
gangue  as  possible.  When  disengagement  of  gas  bubbles  had  entirely 
ceased  the  uraninite  was  decomposed.  Any  black  powder  then  remain- 
ing was  treated  as  gangue,  being  columbite.  The  gaseous  products  of 
decomposition  of  the  nitric  acid  are  but  faintly  reddish.  After  filtering, 
the  insoluble  matter  was  ignited  and  weighed.  A  necessary  refinement 
in  cases  where  the  amount  of  gangue  is  appreciable  is  to  weigh  it  at 
lOO^C  and  then  to  ascertain  how  mu(ih,  if  any,  water  it  contains. 
The  filtrate  was  evaporated  to  dryness  in  platinum  to  obtain  soluble 
silica,  which  after  weighing  was  tested  as  to  purity  by  hydrofluoric 
and  sulphuric  acids.  From  the  filtrate  lead  was  thrown  down  by 
hydrogen  sulphide  and  weighed  eventually  as  sulphate.  Iron  and  man- 
ganese were  then  removed  as  sulphides  while  the  earths  and  uranium 
were  held  in  solution  by  ammonium  carbonate  and  ammonia.  This 
was  eftected  in  a  flask  of  not  over  250cm'  capacity,  in  which  the  pre- 
cipitate was  allowed  to  settle  over  night.  A  precaution  to  be  observed 
is  to  add  ammonia  as  well  as  ammonium  carbonate,  otherwise  the 
earths  thrown  down  with  uranium  on  neutralization  of  the  originally 
acid  solution  will  be  only  partially  redissolved.  In  order  to  ascertain 
this  it  is  best  to  remove  the  hydrogen  sulphide  from  the  filtrate  from 
lead  sulphide  before  proceeding  to  the  precipitation  of  iron.  On  add- 
ing ammonia  and  ammonium  carbonate  it  can  then  be  re.adily  seen 
when  the  earths  are  dissolved,  which  is  not  at  all  easy  if  the  hydrogen 
sulphide  has  not  been  first  expelled.  Calcium  could  rarely  be  found 
with  the  iron.  The  sulphide  precipitate  and  the  filter  were  roasted  and 
weighed  as  a  (jheck,  and  then  iron  was  separated  from  manganese,  if 
necessary,  and  the  amount  of  the  former  determined  as  Fe203,  whiiih 
wBs /ironeraUy  checked  by  resolution,  reduction  by  hydrogen,  and  titra- 
bzf  by  potassium  i^ermanganate. 
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If  any  doubt  had  existed  as  to  the  cx)ini)leteDess  of  separation  from 
the  earths,  the  iron  and  manganese  were  a  second  time  precipitated  as 
solphides  in  the  presence  of  ammonia  and  ammonium  carbonate. 

The  filtrate,  or  filtrates  as  the  case  might  be,  were  gently  heated  till 
all  ammonium  carbonate  was  driven  off,  the  precipitate  was  dissolved 
in  nitric  acid,  and  separation  of  earths  and  uranium  from  any  traces  of 
magnesia  and  alkalies  present  effected  by  freshly  prepared  ammo- 
nium sulphide,  allowing  to  digest  for  an  hour  in  a  covered  platinum 
dish  on  the  water  bath.  As  others  have  experienced,  it  was  found 
that  no  separation  from  calcium  can  be  effected  by  this  method.  While 
this  element  was  always  present  in  small  quantity,  it  could  very  rarely 
bo  detected  in  the  filtrate.  Nevertheless  the  above  method  was  pre- 
ferred to  that  of  Alibegoff',  in  which  uranium  is  separated  fi:om  alka- 
line earths,  magnesium,  and  alkalies  by  mercuric  oxide,  because  of  the 
necessity  of  converting  the  nitrates  into  chlorides  for  the  success  of 
the  latter  o{>eration,  whereby  an  additional  reagent  is  employed  and 
the  manipulations  are  increased,  both  of  which  it  was  desired  to  reduce 
to  a  minimum. 

From  the  precipitate  of  earths  and  uranous  oxide  mixed  with  sul- 
phur, the  oxides  were  extracted  by  nitric  acid,  the  solution  was  evap- 
orated to  dryness,  water  was  added,  and  then  when  boiling,  oxalic  acid 
and  two  or  three  drops  of  ammonium  oxalate.  The  precipitated  oxa- 
lates were  washed  in  due  time  with  weak  oxalic  acid  solution,  ignited, 
and  preserved  in  the  crucible  till  later.  The  filtrate,  which  still  always 
contains  some  rare  earth  metals  and  calcium,  was  evaporated  to  dry- 
ness, igniteil  to  destroy  oxalates,  redissolved  in  nitric  acid  and  evapo- 
rated with  sulphuric  acid  in  quantity  slightly  more  than  sufiieieut  to 
convert  into  sulphates.  After  removal  of  all  nitric  acid  the  residue 
was  dissolved  in  a  little  water  and  two  and  a  half  to  three  times  the 
bulk  of  alcohol  was  added.  In  the  course  of  twelve  hours  or  more  the 
precipitate,  containing  all  the  calcium  not  originally  thrown  down  by 
oxalic  acid  besides  some  suli)hiites  of  the  rare  earths,  was  collected  on 
a  filter,  washed  with  alcohol,  dried,  dissolved  in  weak  nitric  acid,  and 
the  rare  earths  were  separated  from  calcium  by  ammonia  and  weighed 
with  the  main  portion. 

The  alcoholic  filtrate  was  evaporated  to  dryness,  ignited,  dissolved 
in  nitric  acid,  and  the  precipitiite  produced  by  boiling  with  ammonia  was 
ignited  rei)eatedly  in  air  and  in  hydrogen  until  a  constant  weight  was 
reached  by  reduction.  The  ir02  thus  obtained  was  apparently  never 
entirely  free  from  rare  earths,  amounting  usually  to  a  quarter  or  a  third 
of  a  i>er  cent  of  the  mineral.  They  were  in  two  analyses  recovered  by 
treating  the  perfectly  dried  nitrates  with  ether,  filtering,  washing  with 
etber,  dissolving  the  insoluble  nitrates  of  the  earths  and  some  uranium 
in  water  acidulated  with  a  drop  of  nitric  acid,  and  then  adding  oxalic 
acid  to  the  hot  aqueous  solution  after  evaporating  to  dryness.    The 


I  Ann.  d.  CIidoi.,  1886,  7ol.  233,  p.  133. 
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earths  were  weighod  with  the  already  tared  main  portion,  and  a  proper 
de  :  action  was  made  firom  th6  nraniam  oxide.  It  is  best  always  to  make 
a  second  precipitation  by  ether  to  insare  extraoting  the  last  traces  of 
earths  from  the  uranium. 

The  earths  as  weighed  contain  the  balance  of  the  calcinm  and  a  small 
quantity  of  uranium.  Solution  was  effected  by  prolonged  digestion 
with  sulphuric  acid  somewhat  dilated,  repeated  after  filtration  if  nec- 
essary. Thorium,  cerium,  lanthanum,  and  didyminm  were  then  sepa- 
rated from  thef  yttrium  earths  by  potassium  sulphate  in  as  neariy  neu- 
tral a  solution  as  oould  be  obtained.  Thorium  and  cerium  were  sepa- 
rated from  lanthanum  and  didyminm  by  long  passage  of  chlorine  gas 
through  a  solution  of  sodium  hydrate  holding  the  gelatinous  hydrates 
of  the  earths  in  suspension.  Finally  thorium  was  separated  from  cerium 
by  boiling  with  sodium  hyposulphite.  Small  quantities  of  what  might 
be  zirconia  were  now  and  then  found,  but  its  identity  could  not  be 
proved.^  The  turmeric  paper  test  for  this  element  bas  never  proved 
of  any  value  in  my  hands  where  small  amounts  of  it  were  present.  The 
earths  of  the  yttrium  group  and  the  uranium  were  precipitated  flrom 
the  potassium  sulphate  solution  by  ammonia,  redissolved  in  nitric  acid, 
the  solution  was  evaporated  to  dryness,  and  the  earths  were  precipi- 
tated from  aqueous  solution  by  oxalic  add  and  weighed,  after  which 
they  were  examined  for  calcium,  as  was  also  the  filtrate  firom  them  con- 
taining the  uranium  and  that  containing  the  potassium  sulphate,  in 
both  of  which  calcium  might  be  found.  The  combined  calcium  oxide 
was  deducted  from  the  original  weight  of  the  earths  and  added  to  the 
lime  earlier  separated  by  alcohol.  The  small  amount  of  uranium  re- 
covered— usually  4  to  7  milligrammes  as  UOj — was  likewise  deducted 
from  the  earths  and  added  to  the  main  portion. 

In  the  last  analysis  of  Glastonbury  uraninite,  which  was  made  espe- 
cially with  a  view  to  great  accuracy  in  summation,  and  in  analysis  XYIII, 
a  modification  was  introduced  at  one  point  which  is  perhaps  worthy 
of  retention  in  future  work.  Instead  of  evaporating  the  filtrate  from 
iron  suli)hide  to  complete  removal  of  ammonium  carbonate,  the  gradu- 
ally forming  precipitate  of  carbonates  was  removed  by  filtration  at  a 
point  where  the  earth  carbonates  are  almost  entirely  thrown  out  and 
the  uranium  is  still  in  solution.  A  little  practice  enables  one  to  recog- 
nize this  point  retulily.  When  the  filtrate  is  treated  as  already  de- 
scribed in  the  first  method  oxalic  acid  will  generally  fail  to  show  any 
earths  i)resent  with  the  uranium,  but  the  precipitation  by  alcohol,  and 
later  by  ether,  must  not  be  neglected.  The  carbonates  are  now  dis- 
solved in  nitric  acid,  the  solution  is  evaporated  to  dryness  and  the  rare 
earths  are  separated  by  oxalic  acid  in  perfect  punty,  except  perhaps 
for  a  little  lime,  from  the  small  amount  of  uranium  they  contain.  The 
resulting  filtrate  will  always  contain  a  little  of  the  earths,  for  it  has 
been  my  experience  that  the  precipitation  by  oxalic  acid  is  never  abso- 

'Sxoep(  \u  (b0  Colon^o  nirwlnite,  wbiob  oontaint  praoUoimy  no  other  oartl^v  than  Eirconla. 
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late.  It  is  best  to  unite  it  with  the  main  portion  of  uraniam  and  sepa- 
rate lime  and  some  of  the  earths  at  the  proper  stage  by  alcohol,  and 
from  the  weighed  UO^  the  remainder  of  the  earths  by  ether.  So  far 
as  my  limited  experience  with  this  modification  goes  it  has  proved 
satisfactory  and  decidedly  preferable  to  the  procedure  first  given,  the 
chief  point  gained  being  that  a  purification  of  the  ear^  from  uranium 
is  unnecessary  and  the  trustworthiness  of  the  weight  found  for  the 
combined  earths  is  heightened. 

It  may  be  said  as  regards  the  purity  of  the  different  earths  or  groups 
of  earths  after  separation  that,  whereas  the  original  ignited  mixture 
was  somewhat  dark,  without  sharply  characterizable  color  tint,  the 
thoria  was  pure  white  and  gave  the  theoretical  molecular  weight ;  the 
eerie  oxide  dissolved  with  a  strong  yellow  color  in  concentrated  sul- 
phuric acid,  which  was  bleached  iustaudy  by  sulphnroas  acid,  and 
with  lead  peroxide  and  nitric  acid  it  gave  likewise  a  deep  yellow  color; 
the  lanthanum  and  didymium  were  cinnamon-brown  in  color,  soluble 
in  weak  nitric  acid,  and  the  gelatinous  precipitate  by  ammonia  from 
acetic  acid  solution  gave  sometimes  a  blue  color  with  powdered  iodine, 
due  to  lanthanum;  the  yttrium  earths  were  pale  straw-colored  and 
dissolved  very  readily  in  weak  acids.  Although  only  a  single  separa- 
tion of  the  yttrium  group  by  potassium  sulphate  was  made,  it  was 
probably  nearly  perfect,  for  any  remainder  should  have  been  obtained 
subsequently  with  the  lanthanum  and  didymium,  and  the  quantity  of 
these  was  so  small  as  to  preclude  much  contamination  by  earths  of 

« 

the  yttrium  group. 

Concerning  the  estimation  of  magnesia  and  alkalies  and  traces  of 
phosphoric  acid  nothing  need  be  said. 

Water  was  estimated  by  heating  the  mineral  in  a  current  of  air  and 
collecting  the  water  in  a  calcium-chloride  tube.  In  only  one  case — the 
last  Glastonbury  analysis — was  the  mineral  fused  in  a  boat  with  sodium 
carbonate  in  order  to  retain  the  substance  or  substances  which  im- 
parted to  the  water  expelled  by  simple  ignition  an  acid  reaction.  The 
weight  of  water  found  was  hereby  slightly  reduced,  and  perhaps  a 
similar  result  would  have  followed  the  taking  of  a  like  precaution  in 
other  cases.  The  acid  property  of  the  water  was  perhaps  due  to 
fiuorine,  since  a  trace  was  found  in  the  Glastonbury  mineral,  but  by 
no  means  euongh  to  account  for  even  the  slight  ditiereuce  observed 
between  the  gains  of  the  absorption  tube  by  the  two  modes  of  ignition. 

The  correct  estimation  of  UO2  is  of  the  utmost  importance,  and  it  was 
in  consequence  of  remarkable  variations  in  results  first  obtained  that 
much  material  which  would  have  been  of  inestimable  value  at  a  later 
period  was  used  up  in  endeavors  to  secure  concordance;  An  obvious 
source  of  error  at  first  was  the  formation,  in  the  sealed  tubes  in  which 
decomposition  of  the  mineral  with  rather  strong  sulphuric  acid  was 
effected,  of  bright  green  crystals  of  a  thorium-uranous  sulphate  which. 
BU1L7.8 1 


50  WA8HINQT0K  LAQORATOKT.  ivnuum 

were  almost  insolaUe  in  water,  and  henoe  necessitated  snch  a  length  of 
time  for  titration  as  to  serioasly  discredit  the  resalts.  DilntioQ  of  the 
acid  proved  a  remedy  for  this  dif&oaltj,  and  perfectly  satisfiMStoiy  soln- 
tion^  was  obtained  with  one  volnmeof  concentrated  snlphnric  add  to  six 
volumes  of  water.  This  proportion  was  employed  in  all  subsequent 
work  by  this  method,  and  decomposition  of  the  nraninite  was  generally 
complete  by  leaving  the  tubes  in  an  air  bath  over  night  at  a  tempera- 
ture of  150-176O  O.  The  end  reaction  with  potassium  permanganate 
was  then  always  sharp  and  satisfiactory,  but  (die  results  were  still  dis- 
cordant. The  caipse  was  eventually  found  to  be  in  the  manner  in  which 
the  tubes  were  filled  with  carbon  dioxide.  This  was  done  by  introduc- 
ing either  solid  sodium  carbonate  or  a  solution  of  the  same  and  sealing 
as  quickly  as  possible.  It  is,  however,  almost  impossible  to  prevent 
access  of  air,  often  in  considerable  amount,  through  the  drawn-out  neck 
of  the  tube  before  the  seal  can  be  made.  The  following  figures  are  the 
results  of  titration  on  one  sample  of  Glastonbury  nraninite.  They  are 
tolerably  concordant  compared  with  other  series  and  yet  are  undoubt- 
edly one  and  all  too  low.  UOs  found  S5*00,  54-12,  66-98,  55*93,  5645, 
55*61.  Every  now  and  tdien  a  result  would  foil  so  for  below  all  others 
of  a  series  as  to  be  positively  startling. 

When,  however,  the  tubes  were  filled  with  carbonic  acid  from  an 
external  generator  through  a  fine  glass  tube  drawn  out  of  the  same 
kind  of  glass  as  that  of  which  the  decomposing  tube  consisted,  and  the 
fine  tube  was  sealed  into  the  other  while  the  gas  continued  to  pass,  all 
air  except  the  trace  in  the  carbonic  acid  itself  was  excluded,  and  after 
decomposition  the  titration  results  showed  a  concordance  and  accuracy 
that  could  not  be  surpassed,  as  shown  by  the  following  series  made  on 
carefully  purified  UaOa,  using  freshly  boiled  distilled  water: 

UO2  found  32-11,  31-90,  32-15,  32-12,  32-06,  3217,  32-28. 

Theory  requires  32-07. 

That  it  is  immaterial  whether  the  water  is  free  from  oxygen  or  has 
stood  for  some  days  exposed  to  the  air  is  shown  by  the  following  series 
in  which  water  several  days  old  was  used : 

UO2  found  32-11,  31-85,  32-37,  32-36,  32-13. 

An  excess  over  theory  is  to  be  expected,  for  it  is  difficult  to  prepare 
TJsOs  with  the  theoretical  percentage  of  UO3. 

In  order  to  test  the  probable  error  of  previous  titrations  the  following 


lAlthouj^h  the  fpnen  orystals  were  no  longer  formed,  there  still  appeared,  aa  when  stronger  acid 
was  used,  a  corioas  orystalltsation,  taking  the  form  of  excessively  fine  needles  woven  into  a  Colt-like 
mass  which  covered  the  surface  of  the  liquid  ftom  end  to  end  of  the  tube,  and  when  pnt  in  motion  by 
a  movement  of  the  eolation  resembled  an  nndolating  white  rope.  This  was  readily  solable  in  water 
and  did  not  affect  the  titration  at  all,  bat  it  was  observe^  on  a  few  occasions,  when  the  heating  of  the 
tabes  was  continaed  for  several  days,  that  it  gradaally  disappeared  and  in  its  place  an  abundant  crop 
of  onasoally  large  and  clear  green  crystals  was  formed.  Of  the  latter  *5209  gramme  gave  on  analysis : 
UOi  49-68,  ThOs  8-«l.  S0|  82-82,  H,0  13-8Q;  total  »-05;  whence  is  derived  the  molecular  raUo  UOt 
(Th0,):S0s:H^  as  1:208:8.84,  and  the  formula  (UTh)04(S0,)fc  4HtO.  Being  formed  ftrom  a  mnoh  more 
dilate  acid  they  may  possibly  differ  fh>m  the  crystals  deposited  from  strong  acid  in  the  number  of 
molecules  of  water.  It  is  intended  to  make  a  mote  thorough  examination  of  this  salt  at  some  future 
timai 
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determinationB  were  made  in  which  the  tube  was  filled  as  carefully  as 
possible  with  carbonic  acid  by  using  a  solution  of  sodium  carbonate: 

UO,  found  31-06,  31-07,  29-72,  29.33,  29-89,  30-69. 

Theory  requires  32-07. 

Two  out  of  the  three  experiments  by  Zimmerman,^  in  which  UO3  in 
UaOg  was  estimated  by  permanganate  after  solution  by  hydrochloric 
acid  in  sealed  tubes,  using  manganese  sulphate  to  counteract  the  effect 
of  the  acid,  gave  31-39  UO2  instead  of  32-07. 

Finally  a  set  of  tests  was  made  on  a  specimen  of  Korth  Carolina 
uraninite  in  order  to  ascertain  the  degree  of  concordance  to  be  reached 
on  the  mineral. 

UO2  found  38-14,  38-12,  38-12,  3804,  38-07,  37-97,  37-87,  Solution  in 
the  last  two  cases  had  been  effected  at  100<^  0.,  and  was,  perhaps,  not 
quite  perfect. 

It  is  thus  apparent  that  with  due  regard  to  the  exclusion  of  all  air 
from  the  tube,  the  method  leaves  nothing  to  be  desired  as  regardi^  ac- 
curacy. The  acid  employed  was  specially  distilled  and  gave  with 
brucine  and  diphenylamine  no  indication  of  nitric  acid,  the  test  being 
made  as  prescribed  by  Wagner*,  and  it  was  absolutely  without  decol- 
orizing power  on  permanganate.  When  wanted,  a  portion  was  diluted 
with  about  twelve  volumes  of  water  and  boiled  down  to  half  the  bulk, 
when  it  was  rapidly  cooled.  In  the  mean  time  the  mineral,  in  quantity 
from  0.3  to  0.5  gramme,  having  been  introduced  into  the  tube,  about 
2  cm.^  of  distilled  water  was  added  and  brought  to  boiling  for  a 
few  moments  in  order  to  expel  air  from  the  powder.  When  somewhat 
cooled,  from  15  to  30  cm.^  of  the  dilute  sulphuric  acid,  according 
to  the  amount  of  mineral  and  the  size  ot  the  tube,  was  added,  and 
then  the  carbonic  acid,  which  had  been  allowed  to  generate  and  escape 
from  the  apparatus  for  some  time,  was  introduced  and  the  seal  was 
made  as  above  described.  No  breakage  of  a  tube  in  the  oven  ever 
occurred  as  a  consequence  of  fusing  the  one  tube  into  the  other.  The 
titrations  were  made  in  about  half  a  litre  of  water,  to  which  sulphuric 
acid  had  been  added,  as  rapidly  as  possible,  using  a  dilute  solution  of 
potassium  permanganate,  giving  about  0-00036  gramme  oxygen  to  the 
cubic  centimetre  that  had  been  standardized  by  iron  wire  of  known  con- 
tents in  iron  and  checked  by  pure  oxalic  acid,  and  taking  account  of  the 
exi)ansion  orcontraction  of  the  titer  liquid  if  its  temperature  varied  more 
than  a  few  degrees  from  that  possessed  by  it  at  the  time  of  standard- 
ization. 

Zimmerman*  decomposed  UaOg  for  the  purpose  of  estimating  U02 
by  concentrated  sulphuric  acid  in  a  current  of  carbonic  acid,  but  this 
method  is  not  very  applicable  to  uraninite,  owing  chiefly  to  its  greater 
insolubility,  particularly  when  rich  in  UO^.  Whereas,  according  to 
Zimmerman,  quantities  of  UaOa  up  to  1.2  grammes  are  decomposed  thus 

>  Ann.  d.  Cbem.,  1886,  toL  232,  p.  287,  lines  5  and  0.         *  Ann.  d.  Chem.,  1886,  vol.  232,  p.  285. 
•Zeit.  1  AnAl.  Ghem.,  1881,  p.  329  A 
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in  an  hoar,  nnHiinite  may  be  otily  uMMlenitely  attacked  after  many 
hours  boiling/  The  whitiah  green  inaolable  salt  which  soon  separates 
out  undoubtedly  exerts  a  tetwling  effect  in  protecting  the  rest  of  the 
urauiuite  powder  from  the  action  of  the  acid.  A  conple  of  tests  were 
made  by  this  method  which  accorded  fairly  well  with  the  others,  bnt 
owing  to  the  great  nnceitainty  of  securing  complete  decomposition 
they  were  not  multiplied. 

In  the  early  part  of  the  present  investigation,  when  want  of  concor- 
dance in  the  results  of  iTOt  titriations  was  the  rule,  decomposition  by 
hydrofluoric  acid  was  sometimes  employed  as  a  method  leading  to  the 
estimation  of  UQi  gravimetrioially,  and  the  results  go  to  show  that  this 
may  be  developed  into  a  method  of  considerable  accuracy,  useful  at 
any  rate  as  a  check  upon  the  volnmetric  determination. 

All  uraninites,  without  exceptioui  are  decomposed  completely .  by 
hydrofluoric  acid,  even  in  the  cold,  if  time  enough  is  given,  the  uranous 
uranium  being  thrown  down  with  the  earth  metals  and  lead  as  an  insol- 
uble fluoride.  The  refractory  Glastonbury  variety  was  thus  decom- 
posed in  about  ten  days.  In  order  to  accelerate  action,  the  acid  and 
very  fine  powder  were  placed  in  a  wide  and  perfectly  flat  platinum  dish 
provided  with  aloose  fitting  cover,  which  was  set  in  a  dentist's  vulcau- 
izer  containing  a  solntion  of  sodium  carbonate  1;o  absorb  acid  vapors. 
Dish  and  vulcanizer  having  been  filled  with  carbonic  acid  gas,  the  lid 
was  adjusted,  and  a  lamp  placed  beneath,  so  that  decomposition  should 
take  place  under  high  temperature  aud  pressure,  and  in  absence  of  air. 
The  main  difficulty  in  the  subsequent  manipulation,  and  probably  the 
only  element  involving  possible  serious  error,  is  the  difficulty  of  wash- 
ing the  precipitiite  on  the  filter,  owiug  to  its  stroug  ti'udency  to  run 
through  as  soon  as  wasliiug  begius.  Experience  seeiued  to  show  that 
this  is  best  obviated  by  using  water  coutainiugamuiouium  chloride  and 
hydrofluoric  acid,  but  the  exi>eriments  made  were  too  few  in  number 
to  show  whether  the  method  can  be  develoi>ed  into  an  exact  quantita- 
tive one.  An  attempt  will  perhaps  be  made  to  perfect  it.  The  following 
are  some  of  the  results  obtained : 

A  specimen  of  Glastonbury  uraninite,  giving  on  a  basis  of  57'43  per 
cent  IJO2  by  titration  26-48  per  cent  of  UO3,  gave  gravimetrically 
26-89  and  28-58  per  cent  UO3. 

Another  specimen  from  Glastonbury,  giving  by  titration  59-31  per 
cent  UO2,  gave  gravimetrically  60-05  per  cent. 

Colorado  uraninite,  giving  58-51  UO2  by  titration,  gave  58-24  per  cent 
gravimetrically. 

A  few  trials  with  TJsOe  gave  results  in  part  less  satisfactory,  namely, 
34-89,  31-26,  and  28-47  per  cent  UO2  instead  of  3207. 

Assuming  the  practical  insolubility  of  UF4  in  hydrofluoric  acid,  the 
method  should  give  a  tolerably  exact  separation  of  n02  from  FeO  and 
UO3,  aud  thus  in  connection  with  the  oxygen  used  in  titration  indicate 
the  state  of  oxidation  of  iron,  as  well  as  uranium,  iu  substances  con- 
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taining  both  where  one  does  not  pre<lominate  so  euoriuoasly  over  the 
other  as  in  urauinite.  Even  from  Fe^Og  the  separation  should  be  exact, 
anless  in  the  moment  of  breaking  up  of  the  niole^ile  the  ferric  iron 
should  exert  an  oxidizing  effect  on  the  uranons  uranium  before  the 
latter  is  withdrawn  from  its  influence  by  combination  with  fluorine. 
Hydrogen  sulphide  being  without  reducing  effect  on  UO3,  the  presence 
of  sulphides  would  be  immaterial  so  far  as  the  separation  of  UO2  from 
UOa  and  the  oxides  of  iron  is  concerned,  but  of  course  the  correct  esti- 
mation of  total  oxygen  by  titration  would  be  impossible  if  iron  were 
present  in  its  peroxidized  state,  or  if  even  in  its  absence  the  hydrogen 
sulphide  formed  could  not  be  expelled  before  titration. 

It  may  be  worth  while  before  leaving  the  subject  of  estimation  of 
uranium  to  add  that,  in  accordance  with  Zimmerman's  observations,  I 
have  met  with  no  evidence  of  the  existence  of  an  oxide  IJ205  as  a  result 
of  strong  heating  in  air,  and  the  oxide  U3O8,  as  he  has  so  conclusively 
shown,  is  also  by  my  own  experience  only  to  be  obtained  with  its 
theoretical  percentage  of  oxygen  by  igniting  and  cooling  in  oxygen. 

DET£0TION  AND  EXAMINATION  OP  NITROGEN. 

At  an  early  stage  in  the  work  it  was  noticed  in  a  few  instances 
where  the  sealed  tubes  in  which  UO2  was  to  be  estimated  were  left  in 
an  upright  position  for  a  short  time,  that  an  extremely  slow  disengage- 
ment of  gas  took  place,  which  was  especially  noticeable  if  the  tubes 
were  gently  tapped  on  the  table  occasionally,  whereby  the  bubbles 
enmeshed  by  the  powder  were  set  free  and  rose  through  the  liquid  in 
the  tube.  This  was  supposed  to  be  due  to  the  presence  of  tra<;;es  of 
carbonates  in  the  mineral,  and  no  particular  attention  was  paid  to  it, 
although  it  seemed  strange  that  they  should  not  be  entirely  decom- 
posed in  a  very  few  moments  after  contact  with  the  acid.  Later,  when 
making  the  first  estimation  of  UO2  in  Glastonbury  uraninite  above 
mentioned  with  hydrofluoric  acid,  solution  in  this  case  being  made  in 
the  cold  and  with  free  access  of  air,  it  was  observed  that  this  slow 
e.scape  of  gas  was  continuous  throughout  the  whole  ten  days  reciuired 
for  decomposing  the  mineral.  This  seemed  to  exclude  the  possibility 
of  its  being  carbonic  acid,  and  it  was  determined  to  collect  and  ex- 
amine it  if  possible.  This  was  done  in  a  manner  to  be  hereafter 
described. 

It  may  be  here  mentioned  that  UhOq  and  UO2  prepared  from  the  resi- 
dues obtained  during  this  work,  when  examined  under  conditions  pre- 
cisely similar  to  those  obtaining  with  uraninite,  failed  to  give  ofl*  the 
least  trace  of  gas. 

The  gas  was  colorless,  odorless,  a  nonsupporter  of  combustion,  un- 
changed by  mixture  with  air,  neutral  to  moistened  litmus  papers,  not 
absorbed  by  caustic  alkalies,  and  insoluble  in  water,  at  least  its  coefli- 
cient  of  absorption  was  so  small  as  to  be  inappreciable  without  elab- 
orate experimentation. 
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In  a  Buuseo's  absorption  tube,  containing  gas  from  the  ori^nal  brSg- 
gerite,  a  potash  ball  caused  no  diminution  in  volume,  neither  did  potas- 
simn  pyrogallatoi  thus  showing  the  absence  of  carbonic  add  and  of 
oxygeu.  Transferred  from  the  absorption  tube  to  a  eudiometer  the 
gas  was  then  subjected  to  the  tests  prescribed  by  Bunsen.^ 

Rednoed  initial  rolame 1 14-01 

After  exploding  with  oxyhydrogen 13*91 

After  a  second  limilur  treatment '.. 13*S0 

After  addition  of  hydrogan  (3S-79> ^....: 46-90 

After  ezploalonwith ozyhydrogen 45'93 

After  addition  of  air  in  azoew 181-82 

After  exploding ^ 132-81 

Contraction 49-01 

two- thirds  of  which,  or  32-67,  is  almost  exactly  the  volume  of  the  hy- 
drogen introduced.  Were  it  not  fbr  the  relatively  large  contraction 
after  the  first  explosion,  0«80  units,  representing  5-71  per  cent  of  the  in- 
itial volume,  the  above  tests  would  indicate  almost  incontestably  that 
the  gas  could  be  nothing  but  nitrogen.  Considering  the  small  volume 
operated  upon,  and  the  great  disadvantages  under  which  the  eudiomet- 
ric  experiments  were  made,  the  above  is  not  a  surprising  error,  and 
since,  in  other  experiments  it  did  not  recur,  I  have  no  hesitation  in 
regarding  it  as  without  significance. 

Oas  liberated  from  brSggeriteby  hydrochloric  acid  had,  ^after  treat- 
ment in  the  absorption  tube,  in  the  eudiometer — 

Units. 

A  rednoed  initial  Tolnme  of 27-73 

After  addition  of  hydrogen  (25-77) 53r>0 

After  exploding  with  oxyhydrogen 53-17 

After  addition  of  air 178-08 

After  exploding 138-20 

Contraction 39.88 

two-thirds  of  which,  or  26-58,  is  sufficiently  close  to  the  volume  of  hy- 
drogen added  to  show  the  purity  of  the  gas. 

Gas  evolved  from  Branchville  urauiuite  by  sulphuric  acid  gave  in 
the  eudiometer  ,    ., 

Unitii. 

An  initial  volume  of 17-98 

After  exploding  with  oxyhydrogen 18-11 

After  addition  of  hydrogen  (20-37) 38*48 

After  exploding  with  oxyhydrogen  37-.'U5 

After  addition  of  air 10632 

After  exploding 77-74 

Contraction 28*58 

two-thirds  of  which,  or  19*05,  is  nearly  that  of  the  hydrogen  intro- 
duced. The  admission  of  a  trace  of  air  into  the  eudiometer  with  the 
gas  or  later  with  the  hydrogen  would  account  for  the  slight  contraction 

>GMometrische  Methoden,  2d  ed.,  pp.  73,  74. 
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after  the  second  explosion  and  for  the  deficiency  in  the  observed  over 
the  calcnlated  final  contraction.  Bat  such  an  assumption  is  hardly 
necessary,  for  the  final  readings  oil  the  eudiometer  tube  w^e  very  un- 
certain. 

The  evidence  as  to  the  natnre  of  the  gas  while  Mrly  conclusive  was 
thus  far  purely  negative.  Proof  of  a  more  positive  character  was  needed, 
and  this  was  sought  in  various  ways. 

Long  continued  passage  of  the  electric  spark  between  the  platinum 
wires  of  the  eudiometer,  in  which  was  a  mixture  of  the  gas  with'  pure 
oxygen,  produced  a  marked  contraction,  and  a  few  drops  of  water  pur- 
posely introduced  above  the  mercury  before  turning  on  the  current  gave, 
when  taken  out  and  tested  with  diphenylamine,  and  brucine,  intense 
blue  and  red  colors,  respectively.  Blue  litmus  paper  was  turned  red 
by  it.  When  the  terminals  of  a  EuhmKorff  coil  were  connected  with 
a  simple  modification  of  Siemens's  induction  tube,  devised  for  the 
employment  of  small  quantities  of  gas,  containing  a  mixture  of  the  gas 
with  3  volumes  of  electrolytic  hydrogen,  a  slow  but  constant  contrac- 
tion resulted,  provided  thatthe  product  of  combination  as  fast  as  formed 
Gonld  be  removed  by  water  or  an  acid.  A  strip  of  moistened  red  litmus 
paper  suspended  in  the  apparatus  turned  deep  blue,  and  water  used  as 
an  absorbent  gave  a  strong  alkaline  reaction  with  litmus,  besides  afford- 
ing with  ]N'essler's  reagent  the  characteristic  ammonia  reaction  in  a 
marked  manner.  With  dilute  hydrochloric  acid  as  an  absorbent  there 
was  obtained  0-0190  gramme  of  ammouium-platinic  chloride,  which  when 
heated  with  sodium  hydrate  gave  off  a  strong  ammoniacal  odor,  and 
a  strip  of  red  litmus  paper  held  above  the  mixture  was  instantly  turned 
deep  blue.  The  nitrogen  calculated  from  the  above  weight  of  (NH4)a 
PtCLc  is  0»00121  gramme,  or  nearly  1  cubic  centimetre  at  O^C.  and  760 
millimetres.  The  roughly  measured  contraction  of  the  mixed  hydrogen 
and  nitrogen  gases  was  in  accordance  with  this  determination.  It  should 
be  hardly  necessary  to  say  that  all  these  chemical  tests  were  duplicated 
simultaneously  in  blank. 

In  a  Oeissler  tube  under  a  pressure  of  10  millimetres  and  less  the  gas 
afforded  the  fluted  spectrum  of  pure  nitrogen  as  brilliantly  and  as 
completely  as  was  done  by  a  purchased  nitrogen  tube.  In  order  that 
no  possibility  of  error  might  exist,  the  tube  was  then  reopened  and 
repeatedly  filled  with  hydrogen  and  evacuated  until  only  the  hydrogen 
lines  were  visible.  When  now  filled  with  the  gas  and  again  evacuated 
the  nitrogen  spectrum  appeared  as  brilliantly  as  before  with  the  three 
bright  hydrogen  lipes  added. 

The  success  of  these  electrical  experiments  with  Geissler  and  Siemens 
tubes  is  very  largely  due  to  Dr.  William  Hallock  of  the  physical  labora- 
tory of  the  Geological  Survey,  for  whose  ever  ready  assistance  and 
ingenuity  in  meeting  difficulties  I  can  not  too  strongly  express  my  appre- 
ciation. 


WASOINQTOir  UBOKATQET. 
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The  origliial  appMatu  tat  aoUeoting  tbe  ((m  is  dapioted  la  Qie 
accompanying  fignra. 


7ia.  1. — Appantu  hi  ooUeeUng  iilCnicaii. 

The  decomposing  vessel  A  is  simply  a  fractional  distillation  flask  of 
not  more  than  100  cm'  bnlb  capacity,  drawn  oat  at  the  top  to  allow 
of  connection  by  means  of  rubber  tnbing  with  the  receiver  B,  which 
sbonld  approach  the  cylindrical  in  form,  be  provided  with  two  closely 
fitting,  wide  bore  stopcocks,  and  have  a  capacity  of  25  to  30  cm'.  Tliu 
ver^-  fine  powder  baring  been  introduced  into  A  and  boiled  with  a 
fewcabic  centimetres  of  water  to  expel  air,  connection  is  made  with 
B  by  tubing  firmly  wired,  the  receiver  is  snitably  supported  by  a  clamp 
so  that  A  shall  have  the  position  given  in  the  as  yet  empty  water  bath, 
and  the  flasks  O,  D,  B  are  placed  in  position,  fitted  with  corks  and  tubes 
as  represented,  but  not  yet  closed  by  the  corks.  A  rubber  tube  being 
now  attached  to  B  at  the  top,  a  thoroughly  boiled  sulpliuric  acid  hav- 
ing the  strength  of  that  used  for  TJOi  estimations  (IHiSO^:  fiUjOby  vol- 
ume)  is  poured  into  C,  and  continuously  sucked  into  A  and  then  into 
B  Qotil  the  latter  is  full  above  the  upper  stopcock,  when  this  is 
instantly  closed.  0  is  then  filled  up  with  the  same  acid,  and  the  water 
bath  with  water  to  relieve  nomewbat  the  strain  on  the  rubber  councc- 
M«n  hetweeu  A  and  B.    B  and  D  are  now  filled  with  freshly  boiled  dis- 
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tilled  water,  and  the  cork  of  E  is  i)res86d  down.  Then  by  blowing  in 
at/ the  air  in  g  is  expelled  and  D  can  be  corked  without  retaining  the 
least  bubble  of  air.  By  continuing  the  blowing  h  m^y  be  freed  from 
air  and  C  tightly  corked.  A  may  now  be  clamped  in  position  for 
greater  security,  and  a  tin  cover  provided  with  a  slit  for  the  neck  of 
A  placed  over  the  water  bath.  This  is  primarily  to  prevent  the 
action  of  steam  on  the  rubber  connection  between  A  and  B,  by  which 
after  several  days  it  is  softened  and  injured,  and  secondarily  to 
economize  heat  On  top  of  B  is  attached  a  small  short-stemmed  funnel, 
which  is  kept  filled  with  distilled  water,  in  order  to  insure  a  water  seal 
about  the  stopcock  and  certain  exclusion  of  all  air.  Heat  is  now  ap- 
plied to  the  water  bath,  which  is  provided  with  a  constant  level  ar- 
rangement and  flow  of  water,  so  that  it  may  be  heated  night  and  day 
without  interruption.  Soon  an  evolution  of  gas  begins,  the  bubbles 
rise  through  A  and  the  lower  stopcock  into  B,  and  continue  until  the 
mineral  is  entirely  decomposed.  The  fine  powder  which  is  carried  up 
into  B  by  the  bubbles  may  be  in  great  measure  returned  to  A  by  tap- 
ping B,  and  if  not,  it  is  decomposed  by  the  moderately  warm  acid  in  B, 
especially  in  case  a  readily  soluble  uraniuite  is  being  treated.  The  tube  i 
should  be  very  nearly  horizontal,  in  order  to  prevent  any  of  the  powder 
reaching  O  as  it  falls  from  B.  What  little  may  collect  along  %  itself 
will  decompose  in  time  and  the  gas  from  it  reach  B.  The  outlet  tube 
of  E  not  being  closed,  free  movement  and  escape  is  afforded  for  water 
in  E  as  acid  in  B  is  displaced  by  gas.  0,  D,  and  E  likewise  act  as 
checks  to  the  diffusion  of  air  into  B.  Que,  or  at  most  two,  flasks 
would  suffice  where  readily  soluble  uraninites  are  treated,  and  the 
duration  of  the  experiment  is  at  most  twelve  hours,  but  for  refractory 
varieties  a  third  is  indispensable.  The  greatest  difference  exists  be- 
tween North  American  and  Norwegian  uraninites  as  to  their  solubility 
in  sulphuric,  hydrochloric,  hydrofluoric,  and  even  nitric,  acids. 
Whereas  the  Colorado  and  both  Connecticut  uraninites  are  not  en- 
tirely decomposed  by  nine  days'  continuous  treatment  at  lOOoC.  with 
dilute  sulphuric  acid  in  the  above-described  apparatus,  and  even  the 
much-altered  North  Carolina  mineral  requires  five  days  for  solution, 
all  the  Norwegian  specimens  examined  are  completely  attacked  in 
much  less  than  twelve  hours,  and  one  (from  Arendal)  in  three.  Uydro- 
chloric  acid  was  used  in  one  instance  in  place  of  sulphuric  in  the  appa- 
ratus and  with  about  the  same  effect. 

When  no  gas  is  any  longer  given  off  the  mineral  is  decomposed,  as 
may  be  seen  by  removing  the  water  from  the  bath  and  examining  the 
residue  in  the  bottom  of  the  flask.  It  is  either  pure  White  sulphate 
of  lead,  or  dark  colored  if  columbite  was  mixed  with  the  uraninite. 
Owing  to  the  large  volume  of  acid  used  there  is  no  sepiiratiou  of  insolu- 
ble uranium  or  thorium  salts  as  in  the  UO2  estimations. 

When  the  operation  is  ended  B  is  disconnected  from  A  after  closing 
the  lower  stopcock,  an<l  the  gas  can  then  be  readily  transferred  to  a 
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graduated  and  rather  narrow  measaring  tube,  or  it  can  be  measnred  in 
the  receiver  itself,  if  this  is  graduated,  by  openiug  the  lower  stopcock 
under  water  and  allowing  the  latter  gradually  to  displace  the  acid 
in  order  that  the  vapor  tension  of  pure  water  may  prevail.  All  neces- 
sary tliermometric  and  barometric  readings  having  been  made,  the 
volume  in  cubic  centimetres  is  reduced  to  O^G.  and  760  millimetres 
and  multiplied  by  the  weight  of  1  cubic  centimetre'(*001256  gramme) 
of  nitrogen,  in  order  to  obtain  the  weight  whence  the  percentage  is  ob- 
tainable. 

The  error  due  to  absorption  of  a  portion  of  the  gas  by  the  acid 
liquid  or  by  the  water  with  which  it  is  displaced  in  measuring  is  a  van- 
ishing quantity,  because  of  the  high  temperature  of  the  acid  at  the 
time  of  disconnecting  and  the  low  coefficient  of  absorption  of  both 
liquids  for  the  gas.  If  transferred  from  the  receiver  to  a  measuring 
cylinder,  the  gas  comes  into  contact  with  so  much  water  that  the 
element  of  absorption  might  have  slight  effect  were  time  enough 
allowed ;  but  the  water  levels  within  and  without  the  measuring  ves- 
sel having  been  brought  into  approximate  accord,  the  temperature  of 
the  gas  is  reduced  in  a  very  few  moments  to  that  of  the  water  by  al- 
lowing a  running  stream  of  the  latter  to  impinge  on  the  top  of  the 
vessel  and  flow  down  on  all  sides,  a  thermometer  being  fastened  thereto 
by  a  rubber  band. 

If  necessary  to  use  the  solution  for  the  titration  of  n02,  disconnection 
of  the  apparatus  and  transfer  of  the  gas  can  be  so  carried  out  that  the 
result  of  titration  is  very  nearly  as  exact  as  by  the  method  already 
described. 

The  above  described  apparatus  is  well  enough  adapted  for  the  estima- 
tion of  nitrogen  in  readily  decomposable  uraninites,  and  admits  of  con- 
stant observation  of  its  rate  of  evolution;  but  if  the  heating  is  continued 
beyond  a  few  days,  the  glass  of  that  portion  of  the  decomposing  flask 
under  water  becomes  devitrified  and  more  or  less  cracked.  This  does 
not  necessarily  prevent  several  days'  further  heating,  but  the  danger 
of  breakage  is  considerable.  Moreover,  but  one  experiment  can  be  con- 
ducted at  a  time  unless  several  sets  of  apparatus  are  available.  There- 
fore recourse  was  had,  in  many  cases,  to  decomposition  in  sealed  tubes, 
exactly  as  described  for  UO2  determinations,  larger  quantities  up  to  1 
gramme  of  mineral  being  used,  however,  and  the  heating  prolonged,  if 
necessary,  for  two  or  three  days  to  secure  complete  decomposition. 
After  opening  the  tubes  under  water  the  gas  was  at  once  transferred 
by  displacement  of  water  lo  a  test  tube  not  too  large  to  be  closed  by 
the  thumb,  a  piece  of  potassium  hydrate  was  rapidly  inserted,  the 
thumb  placed  over  the  mouth  of  the  tube,  and  the  latter  agitated  under 
water  to  dissolve  the  alkali  and  secure  absorption  of  the  carbonic  acid. 
This  was  effected  in  a  few  moments,  when  pure  water  was  allowed  to 
displace  the  potash  solution,  and  the  gas  was  then  transferred  to  the 
graduated  tube  and  measured  as  before. 
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While  the  two  methods  of  obtaining  the  nitrogen  bj^  decomposing 
with  an  acid  gave  pretty  satisfactory  results,  it  was  desirable  to 
estimate  it  by  an  entirely  different  process  if  possible.  Fusion  with 
alkaline  hydrates  produced  no  perceptible  evolution  of  ammonia,  and 
a  quantitative  combustion  of  broggerite  mixed  with  sugar  by  the  sodiv 
lime  method  aod  absorption  of  any  ammonia  by  hydrochloric  acid 
famished  an  amount  of  (NH4)2PtGl6  representing  but  0*03  per  cent,  of 
nitrogen.  Fusion  with  alkaline  carbonates,  however,  liberated  nitrogen 
gas  and  furnished  a  means  of  estimation  that  compared  well  with  the 
acid  method.    The  process  was  conducted  as  follows  : 

The  substance  mixed  with  sodium-potassium  carbonate  in  a  porcelain 
boat  inclosed  in  a  cylinder  of  platinuip  foil  open  at  both  ends  was  in- 
troduced into  the  rear  end  of  a  combustion  tube  already  containing  a 
considerable  layer  of  copper  oxide  in  the  center,  followed  by  eight 
inches  of  copper  gauze  plugs  toward  the  front  end.  To  the  rear  was 
attached  a  tube  filled  with  manganese  carbonate,  and  to  the  front  a 
nitrometer  containing  potassium  hydrate  solution. 

K^peated  heating  and  cooling  of  the  copper  oxide  and  copper  in  a 
continuous  current  of  carbonic  acid. having  reduced  the  gas  unabsorb- 
able  by  the  alkali  solution  to  the  smallest  possible  limit,  heat  was  ap- 
plied under  the  boat.  The  evolution  of  gas  began  long  before  incipient 
redness,  and  had  to  be  soon  checked  by  regulation  of  the  temperature. 
Finally  the  heat  was  raised  to  fusion,  and  maintained  there  till  the 
absorption  of  gas  bubbles  by  the  alkali  was  as  complete  as  before  be- 
ginning the  experiment.  The  gas  was  then  measured  .and  reduced  to 
(PC.  and  760  mm,  with  due  regard  to  the  vapor  tension  of  the  alkali 
solution,  Krenssler's^  table  being  used  in  this  connection. 

Of  course  the  small  quantity  of  nitrogen  from  which  it  is  impossi- 
ble to  free  the  carbonic  acid,  even  in  a  blank  experiment,  and  which 
can  not  be  allowed  for  with  accuracy  because  it  may  vary  slightly  in 
each  experiment,  produced  an  uncertainty  in  the  readings  on  the  nitrom- 
eter, but  one  of  very  slight  importance,  since  an  admixture  of  even 
half  a  cubic  centimetre  of  such  nitrogen  could  affect  the  result  by 
about  0'06  per  cent,  at  the  most  when  one  gramme  of  mineral  had 
been  used.  The  platinum  cylinder  is  a  very  necessary  shield  to  pre- 
vent spattering  of  the  contents  of  the  boat  onto  the  glass  tube. 

By  this  fusion  in  carbonic  acid  the  lead  contained  in  uraninite  is 
apparently  entirely  reduced  to  the  metallic  state  and  collects  in  glob- 
ules. This  reduction  is  probably  caused  by  the  UO2  of  the  mineral, 
notwithstanding  the  fact  that  litharge  is  not  reduced  when  thoroughly 
mixed  with  TJsOg  or  UO2  and  fused  with  sodium-potassium  carbonate 
under  the  conditions  of  the  above  experiment  and  for  the  same  length 
of  time.  In  the  one  case  two  molecules  already  existing  must  be  torn 
asunder  in  order  to  admit  of  a  rearrangement  of  their  constituent 
atoms,  while  in  the  other  these  constituents  are  assumed  to  exist 

>Zeit.  f.  Anal.  Chem.,  1885,  vol.  24,  p.  445. 
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already  united  tn  a  single  moleonle,  an^  in  the  moment  of  its  breaking^ 
np  are  mosjb  foyarably  sitaated  for  reairangement. 

Nitrogen  obtained  in  this  way  firoin  Olastonbary  aranintte  was  snb- 
loitted  in  the  iendlometer  to  the  same  ordeal  aft  that  obtained  by  acid, 
with  the  following  resnlts : 

Bedaoed  Initiil  volame J....    84-60 

After  exploding  with  oxyhjdcogen 84*06 

Aftor  addlticn  of  hydrogen  (3^02) 113*97 

AffceraddlttoD  of  oxygen  (25*19) 199*09 

After  exploding * 94-40 

ContraetioQ...* 44'e9 

two-thirds  of  whioh|  or  29*70,  is  joearly  the  volame  of  hydrogen  added. 
The  gas  then  is  the  same  as  that  disengaged  by  adds. 

ANALTSBS  OF  UBAN0IITB. 

The  analyses  which  follow  were  with  two  exceptionsi  Y  and  XYIII, 
made  before  recognition  of  the  nature  or  importance  as  reganls  quan- 
tity of  the  gas  given  off  by  add,  and  as  before  said  their  object  was 
chiefly  to  ascertain  the  relative  percentages  of  ITO2,  UOs,  and  rare 
earths  with  a  reasonable  degree  of  accuracy. 

The  spedflo  gravities  of  the  Connecticut  mineral  were  so  much  higher 
than  any  published  that  considerable  care  was  exercised  in  their  verifi- 
cation and  in  all  subseqnent  determinations.  The  figures  given  repre- 
sent the  density  of  the  mineral  dried  at  100^  0.,  for  the  small  amounts 
of  hygroscopic  moisture,' varying  as  they  did  with  different  specimens, 
would  exert  a  marked  effect  on  the  reiiult  if  included. 

A  knowledge  of  the  condition  of  the  iron,  which  all  analyses  show 
accompanies  uraniuite  in  small  quantity,  is  of  prime  importance  for  tho 
correct  volumetric  estimation  of  nO-i.  Gomstock  and  Blomstraud  bare 
both  assumed  that  it  exists  in  the  ferrous  condition  and  from  the  oxy- 
gen transferred  in  titration  have  deducted  a  corresponding  amount 
before  calculating  XJO2.  While  not  in  a  position  to  deny  the  correct- 
ness of  this  assumption  for  a  portion  of  the  iron  at  least,  I  have,  with 
one  or  two  exceptions  which  will  be  noted  in  due  order,  preferred  to 
consider  all  iron  dissolved  by  dilute  nitric  acid  as  ferric  oxide,  and  for 
the  following  reason:  The  matter  insoluble  in  dilute  nitric  acid  may 
consist  of  columbite,  feldspar,  quartz,  mica,  a  very  sparingly  soluble 
phosphate,  and  the  reddish  infiltration  matter  filling  the  minute  Heains 
in  the  mineral,  substances  which  it  is  practically  impossible  to  remove 
entirely  from  any  sample  containing  them.  When  the  uraninite  is  dis- 
solved this  insoluble  matter  is  decidedly  red  (unless  columbite  predom- 
inates largely)  from  ferric  oxide,  of  which  it  is  probcO^ble  the  infiltration 
matter  is  largely  composed.  In  all  such  cases  a  large  percentage  of  tlie 
insoluble  matter  is  ferric  oxide,  and  only  in  one  case  could  any  ferrous 
oxidebefoundinitasidefrom  that  belonging  tocolumbite.  It  was  further 
noticed  that  more  iron  was  found  in  solution  and  correspondingly  less 
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in  the  inaolaUe  whea  the  heating  had  been  prolonged  beyond  the  usaal 
time  or  when  a  stronger  acid  was  employed.  It  seemed  therefore  cer- 
tain that  a  portion  of  the  iron  in  solution  had  been  derived  from  ferric 
oxide  of  the  gangue,  and  possibly  all  of  it.  It  was  impossible  to  tell 
how  mnch,  if  any,  might  have  existed  in  the  ferrous  condition,  and 
therefore  it  seemed  better  to  count  the  whole  as  ferric  oxide.  lu  any 
event  the  amount  found  is  always  so  small  as  to  affect  the  percentage 
of  UOz  but  slightly,  and  never  enough  to  cause  trouble  in  comparing 
difierent  analyses.  That  none  of  the  iron  belongs  to  urauiuite  itself 
appears  from  an  experiment  made  upon  Glastonbury  material  (No.  V). 
When  boiled  for  many  hours  with  dilute  hydrochloric  acid  till  25  per 
cent  of  the  mineral  had  dissolved,  not  a  trace  of  iron  was  left  in  the 
undissolved  portion. 

Proof  is  likewise  lacking  of  the  state  of  oxidation  of  cerium,  but 
CeOa  seems  its  more  natural  condition  in  the  presence  of  other  binox- 
ides  in  overwhelming  proportion.  As  with  iron,  however,  its  small 
amount  renders  this  for  purposes  of  calculation  a  matter  of  small  im- 
portance. 

It  must  be  borne  in  mind  that  the  combined  earths  are  probably  too 
low  in  all  cases  except  Nos.  Y  and  XVIIl,  in  which  two  precipitations 
of  nitrates  by  ether  were  made  to  separate  the  last  traces  of  earths 
from  uranium.  It  is  assumed  that  sepai-ation  is  then  perfect,  for  by  no 
known  means  could  a  further  trace  be  extracted.  That  an  apprecia- 
ble amount  of  earths  escaped  separation  in  other  analyses  and  went  to 
increase  the  apparent  percentage  of  UOa  was  at  one  time  shown  in 
working  up  some  of  the  residues,  amounting  to  ten  or  twelve  grammes, 
for  pure  U3O8,  when  a  considerable  weight  of  earths  was  obtained, 
amounting  to  at  least  one- third  of  1  per  cent  of  the  residues. 
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*  Estimated  by  weight;  probably  oontaminated  by  earths  or  by  alamina.  Anotlior  I'raguieut  gavo 
•43  Fe,0,. 

t  Containing  '55  SiO,,  -86  FoiOs,  '33  AltOgeto. 

:  Mean  of  5007, 60-15,  and  59-71.    Separation  by  HFl  gave  60*05. 

%  Too  high,  since  it  was  estimated  by  weiglit  and  found  to  contain  some  rare  earths. 

11  Gravinietrioally  after  separation  by  HFl  there  was  found  28'58  and  26'eo. 

^  Mean  of  57*46  and  57*39.  Probably  too  low,  and  UOs  consequently  too  high,  since  they  were  among 
the  earlier  determinations  made  and  no  material  was  left  for  verification  after  the  method  was  per- 
fected. 

**  Mean  of  59-88, 6007.  and  59-83. 

11  Mean  of  2*30  and  2*46  by  decomposition  with  H9SO4  in  sealed  tubes,  and  2-33  and  2*46  by  fusion  with 
NaKCOt  in  a  current  of  COs.  The  first  determinations  were  made  in  the  apparatus  depict-ed  on  page 
«66,  and  gave  2-14  and  2-21  per  cent,  but  decomposition  was  incomplete  and  the  x>erceiilage  waH  calcu- 
lated on  the  assumption  that  the  undissolved  residue  had  the  same  composition  as  the  portion  dis- 
solved, a  view  hardly  tenable  in  the  light  of  subsequent  experiments  (p.  74).  They  are,  therefore,  not 
noed  in  deriving  the  mean  given  in  the  aDalyaia. 
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I.  From  a  large  crystal  nearly  an  inch  across  which  was  collected 
by  Prof.  F.  W.  Clarke,  the  analysis  of  which  led  to  all  subsequent  work. 
It  was  much  contaminated  with  reddish  feldspar,  quartz,  yellow  mus- 
covite,  and,  as  examination  of  the  insoluble  showed,  with  columbite, 
besides  a  reddish  infiltration  product  lining  cracks  and  becoming  ap- 
parent on  broken  surfaces.  Most  of  these  were  removed,  but  enough 
remained  to  render  the  analysis  in  some  respects  unsatisfactory.  The 
amount  of  soluble  silica  indicated  thorite  as  a  possible  source  of  the 
thoria,  which  the  other  analyses  show  can  not  be  the  case.  The  presence 
of  such  an  amount  of  columbic  acid  in  a  readily  soluble  form,  for  it  was 
obtained  by  boiling  the  nitric  acid  solution  of  the  mineral  after  filtra- 
tion from  the  insoluble  matter,  points  to  some  columbate  other  than 
columbite.  Microscopical  examination  of  a  thin  section  of  the  crystal 
showed  a  few  cracks  filled  with  a  reddish  brown  and  yellow  material, 
I>art  of  which  was  a  readily  decomposable  silicate  of  some  kind,  as  evi- 
denced by  the  fuchsine  test  after  treatment  with  hydrochloric  acid 
and  washing  with  water,  but  the  total  visible  impurity  was  very 
little.  A  portion  of  the  water  undoubtedly  belonged  to  the  foreign 
matter. 

IL  Obtained  from  Prof.  W.  N.  Rice,  of  Middletown,  Connecticut. 

IIL  Collected  by  myself  as  small  crystals  and  fragments.  Only  a 
very  small  amount  was  available. 

IV.  Obtained  from  Mr.  E.  F.  Sheldon,  of  Middletown,  Connecticut. 

V.  From  the  same  source  as  No.  IV,  but  at  a  later  date.  A  very 
large  irregular  crystal  of  this  lot  was  crushed  and  purified  as  far  as 
possible,  and  with  this  material  a  very  careful  analysis,  duplicated  in 
part,  was  made  for  the  purpose  of  obtaining  an  accurate  summation. 
This  analysis  post-dates  all  others  published  in  this  paper  except  No* 
XVIII.  In  addition  several  estimations  of  nitrogen  were  made  by  the 
difierent  ways  mentioned  already,  and  numerous  experiments  which  it 
was  hoped  might  throw  light  upon  the  ultimate  composition  of  the 
mineral. 

All  the  above  material  came  from  Hales's  quarry,  in  the  town  of 
Glastonbury,  a  few  miles  northeast  of  Middletown,  Conn. 
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*No  material  wMtoftftr  A  TerlfloatloB  of  .this  tlfan  altar  perfeellim  of  tho  method  of  UQi  aotimatioii. 
bat  the  low  deoaltj  ooapond  wltk  tliaik  of  tlio  othosi  wImii  eomoted  tot  Inaolalile  mattor  of  8*7  ip. 
j(r.,  and  the  fact  thai  m  VO^  datanriaiiliOB  hy  CiBiMnDaD'a  BoCbod  (p.  81)  In  wMoh,  howerw,  deoom- 
position  was  not  qmlto  eoaqpMo,  gKvo  8818  p«r  oent,  point  to  its  ooireotMM. 

t  Mean  of  71.U  and  70.87. 

t  Assumed  aa  in  VL 

§Only  enough  material  for  a  ainf^  aatlmaHon  waa  loft,  and  being  one  of  the  earlieat  made  it  was 
carried  out  in  the  apparatus  depicted  on  p.  66,  wherein  only  89*7  per  cent  of  the  powder  had  dis- 
solved after  about  210  hours,  when  the  experiment  was  discontinued,  because  of  danger  of  breakage 
to  the  Aask.  The  figure  here  giren  is  calculated  on  the  basis  of  like  composition  for  the  dissolved  and 
undissolved  portiona-^an  improbable  assumption  in  the  light  of  later  experiments  (p.  74)— aod  is 
probably  too  low. 

II  The  gangue  waa  mainly  reddiah  feldspar,  and  oontained  *81  (or  22  per  cent)  TOfOs  besidbs,  but  only 
an  indeterminable  trace  of  FeO  aa  ascertained  on  a  separate  portion.  The  increase  in  the  percentages 
of  CaO,  alkalies,  and  SiOs,  with  progressiTe  increaae  of  insoluble  matter,  indicates  dearly  a  partial 
8<datlon  of  the  feldspar. 

YI,  YII,  Yin.  This  material  was  all  received  from  Profs.  Brash 
and  Dana,  of  New  Haven,  and  was  the  residae  of  the  material  from 
which  Comstock  had  taken  his  for  analysis.  No.  YI  was  by  far  the 
purest  of  any  material  obtained  from  any  locality,  the  crystals  and  frag- 
ments being  brilliant  and  well  defined  and  almost  absolately  free  from 
impurity.  It  is  earnestly  to  be  hoped  that  more  of  this  excellent  ma- 
terial may  be  found  at  Branch ville  for  closer  investigation,  since  it  rep- 
resents the  extreme  of  perfection  as  regards  crystallization  and  free- 
dom from  attached  and  infiltrated  foreign  matter,  besides  possessing 
the  greatest  density  and  the  highest  percentage  in  UOa  and  nitrogen 
of  any  known  variety. 


■njJuwAHD.]      OCCURRENCE   OP   NITROGEN   IN   URANINITB. 


65 


Table  III. —  Uraninitefrom  Colorado  and  N^orth  Carolina, 


UO, 

UO, 

TiO, 

ZrO, 

ThO, 

CeO, 

(LaDi),  Os 
(YBr),0,. 

PbO 

ZnO 

FeO 

MnO 

C»0 

MkO 

Alk 

H,0 

N 

SiOj 

PfO, 

A«,0, 

CuFeSj  ... 

FeSj 

Innol 


ToUl  .... 
All  U  as  UO, 

Sp.  RT 

Temp., '^C  ... 


IX. 

Colorado. 


25-2C 

58-47 

trace. 

7-32 


•22 


•43 
•32 
•16 
•84 

trace? 

trace? 
1-96 
•15 
2-7« 
•22 
•43 
•12 
•24 


b. 


58-56 

trace. 

7-86 


•22 


•71 
•44 


•85 


2-82 


Mean. 


25-26 

58-51 

trace. 

7-59 


*.«j 


22 


•70 

•44 

t-32 

■16 

•84 

trace? 

trace  ? 

1-96 

:i5 

2-79 
•22 
•43 
•12 
•24 


99-95 


82-36 


8^068 


20 


X. 

XI. 

North 

North 

Caro- 

Caro- 

lina. 

Uoa. 

50-83 

4411 

39-31 

46-56 

2-78 

-26 

[304 

•50 

-20 

4-20 

4-53 

trace. 

-85 

-23 

[     -30 

•25 

1-21 

undet. 

.§•37 

undet. 

•08 

-13 

I 

•10 

-06 

100  99 

98-91 

87-31 

88^21 
9-49-2 

8  086 

15-8 

20 

*LanthaDuni  not  testeil  for. 

tCalculatetl  from  t'Otai  iron  after  deihicting  that  required  by  pyrito  and  ciialcopyrite. 
I  By  foaion  with  NaKCOj.  U,S04  failed  to  decompose  entirely  in  nine  days  at  lUU^C. 
§  Mean  of  -38  by  fasten  with  NaKCOa  and  -35  by  U,S04. 

IX.  From  a  specimen  in  the  IS'ational  Museum  from  near  Black  Hawk, 
Colorado,  where  the  mineral  was  originally  identified  by  Mr.  Kichard 
Pearce  about  1872.  A  very  few  tons  represented  the  total  product  of 
the  mine  in  uraninite,  whicli  was  shipped  to  Great  Britain  for  treat- 
ment. 

This  variety,  differing  in  some  respects  so  markedly  in  composition 
from  all  other  known  nraninites,  is  also  distinguished  from  the  other 
North  American  occurrences  by  its  utter  want  of  crystalline  form.  The 
8i>ecimen  examined  was  largely  contaminated  with  pyrite  and  ciialco- 
pyrite ;  in  places  it  consisted  of  these  alone,  in  others  of  pretty  pure 
araninite.  But  the  purest  of  the  latter  was  seamed  with  minute  cracks 
tilled  with  sulphides.  A  section  as  thin  as  possible  showed  under  the 
microscope  absolutely  no  other  impurity.  The  material  used  for  analy- 
PaU.  78—5 


66  WABHINOTbN  LAtoOAATOBT.  fBDu.m 

sis  was  obtained  after  aiftiDg  to  grades  of  flneneae  by  first  panning 
aud  then  exposing  the  partly  cleaned  grains  in  a  speoiaUy  devised  appa* 
ratas  to  an  upward  carrent  of  water,  through  which  the  heavy  nranin- 
ite  fell  while  the  sulfdiides  were  held  up.  It  was  then  fhrther  purified 
by  most  laborious  hand  picking  under  the  lens.  Even  so  it  was  impos- 
sible to  free  it  altogether  from  sulphides,  as  the  analysis  shows,  and  this 
is  especially  nnfi>ruinate  because  of  the  uncertainty  which  is  thereby 
thrown  upon  tbe  UQt  estimaUons.  These,  as  above  given,  indmde  the 
effect  of  any  hydrogen  sulphide  and  fenous  iron  formed  by  the  solvent 
action  of  sulphuric  add  and  of  ferrous  oxide  possibly  already  existing. 
That  they  are  not  far  ftom  correct,  however,  is  evidenced  by  a  gravi- 
uiotrio  estimation  of  UQi  after  separation  by  hydrofluoric  acid,  where 
sulphides  aud  Ifarrous  iron  would  be  without  effect,  which  gave  58-24 
per  cent  UO».  Another  element  of  uncertainty  iu  the  volumetric  deter- 
iniuatiou  is  caused  by  want  of  knowledge  of  the  condition  in  which 
arsenic  is  present.  It  has  been  assumed  as  AsiOs,  mainly  for  the 
reason  that  when  even  dilute  nitric  acid  was  used  for  dissolving,  hydro- 
gen salphide  precipitated  the  anenic  only  after  a  considerable  time. 
The  condition  of  the  sine  i^  likewise  unknown.  Its  most  natural  form 
would  be. as  sulphide,  but  as  the  sulphur  was  insufficient  for  the  zinc 
alone,  the  negative  dement  has  all  been  credited  to  pyrite  and  chal- 
copyrite. 

The  analysis  presented  considerable  difficulty.  It  was  found  that 
on  solution  in  nitric  add  a  dirty  white  reddne  was  left  which  contained 
silica,  zircouia,  and  phosphoric  acid,  and  that  on  boiling  a  further  pre- 
cipitate of  ziroonia  containing  phosphoric  acid  came  out  None  of 
the  silica  was  present  as  quartz,  for  the  residue  in  nitric  acid  was  en- 
tirely free  from  grit;  nor  can  it  have  been  combineil  with  zircouia  as 
zircon  for  the  same  reason  and  liecanse  the  latter  is  insoluble.  But  for 
the  phosphoric  acid  it  is  probable  that  the  residue  would  have  held  no 
zircouia,  since  a  very  little  of  the  former  seems  able  to  carry  down  much 
of  the  latter,  even  in  a  very  acid  solution.  The  silica  given  in  the 
analysis  represents  both  that  in  the  residue  and  that  subsequently  ob- 
tained by  evaiwration  after  boiling  and  filtering.  The  rest  of  the  zir- 
couia and  the  other  earths  were  separateil  from  uranium  by  i>ot«issium 
sulphate. 

X,  XI.  From  the  Flat  Rock  mine,  Mitchell  County.  Xorth  Carolina, 
throngh  Mr.  W.  £.  Hidden.  Entirely  unaltered  uraninite  seems  ne^-er 
to  have  been  found  in  North  Carolina,  aud  no  analysis  of  it  appears  to 
have  been  made,  though  its  alteration  products  have  received  atten- 
tion. The  crystal  form  of  the  original  mineral  is  often  pri'serveil  in  the 
Iiseudomorphs,  and  it  is  decidedly  more  cubical  than  that  of  the  Con- 
necticut crj-stals,  which  are  usually  oetahtHlral  in  habit.  Even  the 
least-altered  material,  though  it  may  present  a  |>orfei*tly  fresh  ii.<:iKH.'t. 
is  seamed  in  all  directions  by  microscopic  cracks  tilled  with  yellow  :vlter- 
ation  products.  Such  was  the  character  of  the  piece  nseil  for  analysis 
^^j  which  was  undertaken  for  the  purpose  of  ascertaining  whether  or 
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not  the  Nortb  Carolina  mineral  contained  rare  earths.  lu  order  to  ob-' 
8er\-e  the  effect  of  a  weak  solvent  auotber  lumti  was  immersed  for  sev- 
eral days  in  very  dilate  cold  bydroobloric  acid,  wbcreby  it  gradually 
fell  into  a  line  powder,  which  waa  washed,  dried,  aud  analyzed  with 
the  results  given  under  XI. 

Table  IVa.— (7ranlnl(<j>o»  JVoneay. 


XII. 

S..L 

XIV. 

XV. 

XTl. 

XVII 

XVUL 

..^, 

..™.a. 

xiv»ud. 

»„„, 

'ilflC- 

d2'" 

'*^- 

- 

t. 

a. 

*. 

' 

ft. 

.- 

b. 

^ 

., 

uo 

ilO'H 
■M 

,i 

4S-0T 

1115 

MM 

•M 
■31 

:i-jB 

lO'M 

Ta 
lis 

■00 
-38 

C 

5i'» 

'43 'OS 

h 

■»7 

■13 
-?* 

I-M 
■» 

azDS 

31-93 

M-w 

43-SH 

3i-S7 

11-Tl 

M-ia 

e-M 

■n 
■« 

-« 

-TT 

rat 
■» 

a '42 

I-M 

■» 
•a 

!■« 

CM 

■13 
I'M 

g-lB 
(0.41 

■SI 

1- 

»7a 

I'M 
■OS 

CM, 

<»!W,0. 

lyenfi. 

CaO 

B-es 

U<l 

■03 
UK 

■3a 

■4t 

■28 
Ir. 

IIJS-SO 

■30 

-13 

lU 

"l-S* 



-15 

J  -51 

t  ■« 

■» 

lujwl 

•J  3 

no 

1-18 

7S^ 

«a-ai 

coliimblle  rould  be  prrtty  w«l]  i 
he  uruilnlte  m  Dilrlc  Rciil.  Dnd  tl 

'liila  tba  ccliimblle 


IThufliMrcnulCby  lu< 

Inluiun  or  wr  Into  tli*  receiver, 

;Mulrt!ubriroif[hl,  an. 

illjraiiloii  villi  MuKCO,.    TbstJiit 

nA1mo»enttnd;ouliiniblte. 

t;  Perhkp*  not  (ally  frwcl  from  ThOp 

"Malnlj  a  pboHphAte. 

DA  brief  bot  brisk  etTerreacence  wa 
cent..  Hu  JjDppo*wd  lo  be  (lalinrnclorlLy 
bp  credited  to  nitruern. 

;;Tbe  Ipniled  oxidea  differed  lu  Appearance  ttoiu 
analf  eee,  ImIujk  Dearly  colorleaa- 


cunlalned  a  total  of  ■01  FtO  by  trial  uu  a  aeparate  porcli 

round  tbalof  Ibe  lotal  FeO  30  I.cloUEod  Ci  tbvi'olumbiles 
>  latter  was  dlniwlvml  by  tke  acid  Id  UO,  dutcrminatlol 
reetlua  liaa  bi'eli  liinde  Tor  -31  FeO  n^proKeuUni;  '30  UO,. 


resuk  wai  oblalnHl  by  U,SOi. 

prodnced  by  acldn.    Tbe  daflolencj  In  the  niialyhln,  5*90  per 
wconuted  tor  a*  CO,.  ■  portion  of  it,  huwr^ver,  Ih  prubnbly  to 

H  of  La,0(  and  UIiO,  obtained  in  nil  uthor 
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Table  IVb.— Means  of  analifsfa  in  Table  IVa, 


UOa 

UO, , 

ZK),T  ..... 

ThOj 

(;oO, 

(I)iLa),Os, 
(YEr),0,  . 

I'bO 

CftO 

M«0 

Alk 

HjO 

N 

Fe.,0, 

MnO 

SiOa 

PvOs 

lusol 


XII. 


Total. 

«l>.fir 

Temp.,  oC. 


\ 


•3 


30*03 

46-13 

•00 

600 

•18 

•27 

l^U 

904 

•37 

tr. 

•74 

117 

•25 


XII  r. 


i 
s 


•22 

•02 

4-42 


100-61 


8-803 


25-30 

50-74 

'08 

8-48 

•21 

•26 

110 

10  06 

•77 

tr. 

•73 
1-28 
•21 
•06 
•3» 
•04 
•45 


XIV. 


100-21 


"3 

J) 

o 
u 

M 


22  04 
43-03 


>   8'43 


8-58 
•37 

•74 

1^08 

•30 


XV. 


o 

3 

CO 


32-00 
43-88 


•29 

tr. 

15-45 


8-98 
•17 
•36 
•97 

9  46 
•36 

tr 

•77 

1-03 

•09 


XVI. 


9  o 


35-54 
43-38 


XVII. 


a 

s 


•53 

(?) 
1-54 


100-44 


9-145        8320 


100-14 


6-63 

•20 

•23 

1-03 

9-44 

•41 

-13 

•79 

108 

•32 


•49 
tr. 
•42 


10009 


8*966  I     8-930 


41-71 
2418 

3-66 

9-76 

10-54 

106 

(        10 

I      -23 

1-23 

uudet. 

•03 


xvnr. 


a 
2 


26-80 
4418 


•90 
1-10 


4-15 

none. 

.67 

9-05 

10-95 

•61 

04 

•15 

andet. 

1-24 

•24 


50 

tr. 

1-19 


94  50 


7 -501) 


21-6 


17 


29-7 


20 


28-2 


2G-8 


99-77 


XII.  The  original  bnig^eritc,  from  Gustavs|?riil)eii,  Annenxl,  near 
IMoss,  received  from  Prof.  W.  C.  Brogger,  who  writes  *•'  es  ist  ilas  orig- 
iiiale  Vorkoinmeii  des  Enigjirerit  Blomstrands." 

XIII.  Likewise  from  Prof.  Brogger,  labeled  Uraniiiit,  Elvestad  b. 
Moss.  In  addition  Prof.  Brogger  writes,  '^so  viel  icb  weiss,  von  der- 
selben  Stelle  wie  das  Origiualmaterial  Lorenzens." 

XIV-XVIIl.  From  Prof.  A.  E.  Xordenskiuld,  tbrongh  Prof.  F.  W. 
Clarke,  of  the  U.  S.  Geological  Sa^^vey.  These  specimens  all  bore,  with 
one  exception  erroneously  as  the  analyses  show,  the  name  cleveite,  on 
labels  of  the  Royal  Museum  of  Stockholm;  XIV  was  from  Elvestad, 
XV  from  Skraatorp,  XVI  from  Huggenaskilen,  all  being  localities  near 
Moss,  and  X  Vll  and  XVIII  were  from  Arendfil.  The  Arendal  material 
was  not  in  separate  crystals  and  fragments  like  the  others,  but  was 
inclosed  in  the  original  matrix  of  feldspathic  rock.  Of  this  there  were 
three  or  four  small  pieces,  from  one  of  which  some  very  inferior-looking 
material  was  extracted.  It  had  every  appearance  of  being  mucli  altered, 
which  the  evolution  of  carbonic  acid  by  acids  and  the  abnormally  low 
percentage  of  U()2  seemed  so  fully  to  demonstrate  that  no  particular 
pains  were  taken  beyond  separating  the  earths  from  uranium  and  <livid- 
ing  them  roughly  into  two  groups.  The  material  was  in  any  case  in- 
sullicient  for  a  carbonic  acid  estimation.     Later  it  became  of  interest 
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to  learn  if  this  apparently  greatly  altered  material  contained  nitrogen, 
and  to  this  end  further  material  was  extracted  from  another  of  the 
pieces  of  rock.  Its  analysis  unexpectedly  gave  the  results  under 
XVIII,  the  water  alone  being  andetermined  for  want  of  material. 

In  the  following  table  all  the  foregoing  analyses  of  Norwegian  mate- 
rial have  been  recalculated  to  the  percentages  found,  excluding  the 
insoluble  matter,  in  order  that  their  true  relations  may  appeal  at  a 
glance,  whereby  the  sum  of  the  rare  earths  combined  is  given  instead 
of  each  earth  or  group  of  earths  by  itself.  Only  those  constituents 
are  tabulated  which  may  be  considered  unquestionably  in  whole  or  in 
part  as  belonging  to  the  uranium  mineral.  Silica,  ferric  or  ferrous 
oxide  as  it  may  be,  the  small  amounts  of  magnesia,  alkalies,  etc.,  may 
be  thrown  out  as  derived  from  admixed  impurities.  Lime  from  its 
close  relationship  to  the  other  earths  has  been  retained,  though  it  is 
undoubtedly,  in  part  at  least,  derived  from  foreign  silicates. 

Table  V. — Analysen  of  Nonregian  uraninite  recalculated. 


xn. 

vo% 

32-04 

48-25 

797 

9-45 

-39 

-77 

1-23 

uo» 

Earths 

PbO 

CftO 

H,0 

N 

xni. 

XIV. 

XV. 

XVI. 

25-48 

26-04 

32-50 

36-69 

60 -97 

50-83 

44*57 

43-56 

10-18 

9-96 

10-64 

812 

1011 

10-14 

9-61 

948 

-77 

-45 

-36 

-41 

-73 

♦•87 

•78 

•70 

1-28 

1-28 

1-05 

108 

:vii. 

XVIII. 

4211 

2712 

24f.l 

44-71 

13-57 

1403 

10-66 

1108 

107 

•62 

1-23 

? 

1 

1-20 

*  A  portion  of  this  water  waa  perhaps  derived  from  the  larj;o  amount  of  foreifi^  matter  contaminat- 
ion the  oraninito. 

An  examination  of  analyses  XII  to  XVI  as  recalculated  above  hardly 
allows  of  any  other  conclusion  than  that  the  specimens  from  the  above 
four  different  quarries  about  Moss  belong  to  one  and  the  same  mineral 
species.  While  analysis  XII  differs  in  some  respects  from  Blomstrand's 
analysis  of  brciggerite,  which  is  here  reproduced  in  its  original  form 
and  as  modified  by  substitution  of  Fe203  for  FeO,  it  simply  serves  to 
show,  assuming  correct  analyses,  that  the  mineral  may  vary  in  com- 
position in  the  same  quarry,  for  as  before  mentioned  this  is  the  original 
material  from  which  Blomstrand  made  the  species. 

BlomatraiUPs  hroggerite. 


uo, 

38-82 

4125 

504 

2^42 

•38 

-30 

8-41 

1-2C 

-83 

-81 

36-31 

43-62 

5-64 

2-42 

-38 

-30 

8-41 

Fe^Oa  1-40 

•83 

-81 

uo, 

ThO, 

Y,0, 

Ce,Oa 

CaO 

PbO 

FeO 

HX) 

SiO, 

100  12 

10012 

t 


■    I 


70 


WAflHINGTOir  LABORATOBT. 


[wuiinL 


Tlie  estimation  of  IJO2,  in  the  analyses  of  table  IT,  is  thorongbly  to 
be  depended  od,  aside  from  the  dight  dednetion  to  be  made  for  possible 
ferroas  oxide,  while  in  view  of  the  want  of  eyidence  as  to  the  manner 
of  filling  his  tabes  with  oarbonio  add  there,  is  no  gnarantee  that  Blom- 
Rtrand's  figure  may  not  be  too  low.  Leavihg  ont  of  eonsideratton  for 
the  moment  the  nitrog^i,  it  is  dear  in  any  ease  that  the  formula  evolved 
by  him  from  his  analysis  can  not  be  derived  from  No.  XIL 

In  regard  to  analyses  XTTI  and  XIY,  there  can  exist  no  donbt  what- 
ever as  to  the  identity  of  the  material  derived  fh>m  ProflB.  BrSgger  and 
Nordenskiold  independently.  A  comparison  of  them  with  Lorenzen's 
analysis,  coupled  with  the  foot  that  not  one  of  the  sp^mens  fh»m  the 
neighborhood  of  Moss  above  analyzed  contains  less  than  8  per  cent,  of 
earths,  gives  rise  to  the  strongest  possible  snspidon  that  that  analyst 
lias  overlooked  thoria  altogether,  notwithstMiding  the  fact  that  the 
present  material  is  from  Blvestad  and  Lofenzen's  ^  was  from  Hnggenas- 
kilen. 


UQ, .... 
tJO, ...- 

PbO.... 
CaO.... 
SKH.... 


18  •» 

w-w 

SO -a 

80-89 

f-W 

9-7S 

•» 

r^« 

•n 

•n 

•10 

10 

-n 

•n 

90^ 

99«64 

Prof.  Brogger,  as  above  qaoted  (p.  68),  says,  however,  that  the  mate- 
rial sent  by  him  is  to  the  best  of  his  knowledge  from  the  same  place  as 
that  analyzed  by  Lorenzen,  and  this  appears  probable  from  the  fact 
that  the  specimens  from  Huggeniiskilen  sent  by  Prof.  NordenskiiiUl 
show  a  totally  different  ratio  between  TJO2  and  UO3  (anal.  XVI).  If  it 
should  prove  that  Lorenzen  erred  in  overlooking  thoria,  another  of 
Blomstrand's  supports  in  favor  of  the  orthouranate  formula  for  all 
uraninites,  including  broggerite  and  cleveite,  is  knocked  away,  the  first 
being  the  earlier  and,  as  shown,  incorrect  analysis  of  Branchville  urau- 
inite.  . 

The  oxygen  ratios  calculated  for  analyses  XII  to  XYI,  counting  all 
earths  as  thoria,  whereby  the  comparison  is  very  little  affected  since 
the  percentages  of  the  other  earths  are  almost  alike  in  all  analyses,  are 
as  given  below,  as  also  the  ratios  for  Blomstrand's  broggerite  calculated 
from  the  second  column  on  page  69  instead  of  the  first  in  order  to 
compare  properly  with  the  others. 


■Nyt  Mag.  f.  Katurv.,  vol.  28.  p.  249. 
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wt. 


UO,  .. 
UO,  .. 
Earths 
PbO.. 


287 
271 
206 
223 


XII. 


5-36         1 

•96  \  1-37 
•68  J 


XIII  and 
XIV. 


1-85 


XV. 


5^44 
5-26 1 
1-28^ 
•69  j 


XVT. 


1-33 


5-97 
5- 141 


-98  Y  1-14 
•68j 


BloiuHtrand'H 
brtij^f^erite. 


6-07 
5-15 
1*02  M-11 
•60 


It  is  seen  that  none  of  the  analyses  conform  even  approximately  to 
the  ratio  for  Blorastraud's,  except  that  of  the  mineral  from  Huggenas- 
kilen.  A  recalonlation  of  all  on  the  basis  of  EeO  for  FejOa  and  conse- 
quent changes  in  UO2  and  TJO^,  and  separation  of  the  earths,  woald 
give  the  normal  ratio  1:1  for  Blomstrand's  analysis,  bat  the  others 
would  differ  from  it  more  widely  than  in  the  above  exhibit. 

The  correctness  of  the  orthouranate  formula  for  broggerite  itself 
having  been  invalidated  by  the  difference  between  his  own  analysis  and 
anal.  XII  above,  it  is  hardly  worth  while  to  discuss  its  applicability 
to  the  Bohemian  and  Saxon  uraninites,  of  which  no  complete  and  reli- 
able analyses  seem  to  have  been  made,  except  perhaps  the  single  one 
by  Ebelmen  in  1843  on  Joachimsthal  material,  which  on  recalculation 
by  Blomstrand  was  found  to  conform  to  his  view.  'So  more  singular 
example  can  be  furnished  of  incorrect  conclusions  founded  on  seem- 
ingly the  best  of  evidence.  No  blame  can  attach  to  Blomstrand,  but  it 
can  hardly  be  doubted  that  had  he  been  ^ble  to  analyze  material  from 
more  than  one  quarry  about  Moss  he  would  have  seen  the  impossibility 
of  reconciling  the  discrepancies  in  composition  so  as  to  admit  of  the 
ap{)lication  of  one  general  formula. 

It  is  apparent,  notwithstanding  the  deficiency  of  earths  and  one  or 
two  other  discrepancies,  that  analysis  XYII  was  really  made  upon 
cleveite,  as  the  label  indicated.  The  density,  too,  corresponds  almost 
exactly  with  that  found  by  Nordenskiold^  and  Lindstrom.  In  the  lat- 
ter's  analysis,  which  is  quoted  below  "  water  and  a  trace  of  CO2 "  are 
given  as  loss  on  Ignition,  a  result  which  under  the  circumstances  must 
be  considered  unreliable. 

The  same  objection  applies  to  Ilidden  and  Mackintosh's  analysis  of 
nivenite,^  where  it  is  started  plainly  that  the  water  represents  loss  on 
ignition.  The  analyses  of  cleveite  and  nivenite  are  here  given  together 
with  XVII  from  table  IV  for  convenient  comparison.  It  may  be  men- 
tioned that  the  23'07  per  cent  of  XJO2  in  cleveite  is  the  mean  of  two 
results  differing  by  nearly  li  per  cent.  Taking  the  higher  as  more 
nearly  correct  than  the  mean,  almost  exact  agreement  with  the  figures 
of  analysis  XVII  for  UO2  and  UO3  is  obtained. 


»(;©ol.  Fiir.  Forb.,  187H.  vol.  4.  p.  28.;  Zeit.  f.  Kryet.  vol.  3,  p.  201. 
»Ain.  Jour.  Sci.,  13)  1889,  vol.  38,  p.  481. 
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Nivenitc. 

Cleveite. 

XVII. 

to, 

46-75 

1989 

7-57 

40*60 

S307 

4-00 

2.25 

999 

10  92 

102 

•86 

•14 

41-71 
24-18 

>         3-66 

9-76 

10-54 

-03 

1-06 

*-33 

•90 

H,0  1-23 

1-10 

5-50 

uo« 

ThO, 

Ce.Oieto 

Y,0,etc 

PbO 

11-22 

1016 

-58 

Fe,0, 

CaO 

MiK) 

SiO, 

Icn 

2-54 
1-22 

4-96 
2-34 

Insol 

CO*andNf.... 

99.93 

100-75 

100  00 

*Andalk. 

The  appearance  of  cleveite  is  at  once  suggestive  of  alteration,  and, 
in  view  of  the  uncertainty  attaching  to  the  water  determinations  for 
both  niveuite  and  cleveite,  it  is  probable  that  they  represent  nearly  the 
same  stage  of  alteration  of  the  same  species.  What  this  species  is  is 
l)retty  clearly  indicated  by  analysis  XY III  of  table  IV,  where  the  earths 
are  in  about  the  same  proportions  and  total  amounts  as  in  XVII,  but 
tlie  UO3  and  UOjj  stand  in  a  very  different  ratio.  The  material  for  this, 
as  before  said,  came  from  Areudal,  and  presumably  from  the  precise 
lo(5Jility  of  the  cleveite  of  analysis  XVII,  since  the  pieces  of  feldspathic 
rock  contJiining  them  were  in  one  package  without  distinguishing 
labels,  but  it  w^as  unquestionably  fresher.  The  extreme  sohibility  of 
this  material  compared  with  the  other  Norwegian  uraninites  is  shared  b^- 
that  of  analysis  XVII,  by  cleveite,  and  by  nivenite,  and  is  to  bo  ex. 
plained  probably  not  so  much  by  advanced  decomposition  as  by  the 
I)repondorance  here  of  a  more  soluble  yttrium-uranium  compound. 
Wiiether  or  not* this  last  Arendal  material  is  the  source  whencecleveite 
and  its  American  representative  have  been  derived  by  alteration,  as 
seems  most  probable,  it  is  in  any  event  a  true  uraiiinite  of  more  basic 
character  thfin  any  of  the  Norwegian  thorium-uraninites,  and  conse- 
quently  conforms  still  less  than  those  to  the  orthouraiiate  formula. 

BOIIKMIA.N  AND   SAXON  URANINITE. 


Nitrogen  was  carefully  sought  for  in  uraiiinite  from  Przibram,  Joach- 
iinsthal,  and  Johanngeorgenstadt,  using  the  apparatus  figured  on  page 
50.  The  extremely  small  bulk  of  gas  finally  obtained  from  all  of  tliem, 
after  cleansing  with  potassium  hydrate,  measured  about  .2cm^  for  Przi- 
bram and  Joachimsthal,  and  much  less  for  Johanngeorgenstadt,  one 
gramme  of  mineral  having  been  used.  The  above  volume  represents 
about  -02  per  cent  in  weight  of  what  can  hardly  be  anything  else  than 
nitrogen. 
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Kone  of  the  specimens  coDtained  zircoiiia,  thoria,  or  other  rare  earths. 
Owing  to  the  nncertainty  of  being  able  to  determine  with  any  close 
approach  to  troth  the  proportions  of  OO2  and  UO3  in  the  presence  of 
snlphides,  and  compounds  of  arsenic  and  vanadium  of  unknown  de- 
gree of  oxidation,  no  quantitative  analyses  have  been  carried  out,  but 
the  attempt  will  yet  be  made  to  solve  their  composition. 

•  DISCUSSION  OP  ANALYSES.     . 

Hitherto  the  analyses  have  been  considered  in  groups  and  without 
special  reference  to  the  nitrogep.  It  has  been  sought  to  show  on 
grounds  which  would  be  valid  even  without  its  presence  that  the 
orthouranate  formula  is  capable  of  no  general  application  to  uraninite, 
and  that  in  the  one  or  two  cases  where  it  does  seem  to  apply  this  agree- 
ment is  probably  accidental.  Taking  into  consideration  the  low  atomic 
weight  of  nitrogen  as  compared  with  uranium,  thorium,  and  lead,  it  is 
plain  that  it  must  play  an  important  part  in  the  constitution  of  the 
molecule,  and  that  therefore  its  discovery  alone,  without  other  evidence 
famished  by  the  analyses,  is  sufficient  to  invalidate  entirely  the  prac- 
tically identical  formulsB  of  Comstock  and  Blomstrand. 

Throughout  the  whole  list  of  analyses  in  whidi  nitrogen  has  been 
estimated,  the  most  striking  feature  is  the  apparent  relation  between 
the  UO2  and  the  nitrogen.  This  is  especially  marked  in  the  second 
table  of  Norwegian  uraninites  (Table  Y),  from  which  the  rule  might 
almost  be  formulated  that,  given  either  nitrogen  or  UO2,  the  other  can 
be  found  by  simple  calculation.  The  same  ratio  is  not  found  in  the 
Connecticut  varieties,  but  if  the  imperfect  determinaticm  of  nitrogen  in 
the  Branchville  mineral  is  to  be  depended  on  the  rule  still  holds  that 
the  higher  the  TJO2  the  higher  likewise  is  the  nitrogen.  The  Colorado 
and  North  Carolina  minerals  are  exceptions,  but  it  should  be  remem- 
bered that  the  former  is  amorphous,  like  the  Bohemian,  and  possesses 
the  further  similarity  of  containing  no  thoria,  though  zirconia  may  take 
its  place,  and  the  North  Carolina  material  is  so  much  altered  that  its 
original  condition  is  quite  unknown. 

In  the  absence  of  all  positive  knowledge  whatever  as  to  the  role 
which  nitrogen  plays  in  the  mineral,  it  would  be  idle  to  speculate  at 
present  ux)on  the  proper  position  of  the  latter  in  mineral  classification. 
Much  remains  to  be  done  before  this  question  can  be  elucidated,  but 
the  general  direction  which  the  work  must  take  can  be  fairly  indicated. 

But  two  explanations  seem  possible  to  account  for  the  wide  differences 
in  the  oxygen  ratios  for  UO3  and  total  bases,  varying  as  they  do  from 
1 : 4-37  for  the  Branchville  material  of  analysis  VI  to  1 : 1  for  Blomstrand's 
broggerite,  and  even  to  a  ratio  indicating  acidity  for  nivenite.  Either 
all  the  others  are  alteration  products  of  a  mineral  having  the  composi- 
tion of  the  Branchville  occurrence,  or  even  of  some  unknown  body 
entirely  free  from  UO3 ;  or  they  are  mixtures  of  two  or  more  substances 
which  need  not  necessarily  be  isomorphous,  for  Baumhauer's  investi- 
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gations  liave  shown  that  even  well  developed  crystals  of  smaltit^  and 
chloanthite  are  often  mechanical  mixtures.  Fractional  solution  might 
throw  light  on  this  point,  and  the  following  are  the  results*  of  exper- 
imentation : 

I.  In  one  of  the  nitrogen  estimations  in  Glastonbury  uraninite  by  the 
original  method  the  operation  had  to  be  discontinued  before  solution 
was  complete.  The  undissolved  residnCi  amounting  after  extraction  of 
lead  sulphate  to  0*1234  gramme,  was  found  to  contain  fl'9^  per  cent 
nOa,  the  original  percentage  having  been  59*93. 

II.  1*095  grammes  were  boiled  for  12  hours  with  dilute  hydrochloric 
acid  in  a  flask  connected  with  a  reversed  condenser.  The  residue  was 
0*9193  gramme,  showing  that  but  16  per  cent  had  been  dissolved,  and 
it  contained  64-66  per  cent  UO2.    The  nitrogen  was  lost 

III.  2*012  grammes  when  boiled  with  the  same  hydrochloric  aoid  for 
42  hours  afforded  a  residue  of  1*4975,  showing  solution  of  25*5  per 
cent.    Its  composition  was — 

UOi 66-82$ 

Earths 10-81 

PbO 3-02 

N 2-67 

H.0 (?) 

Insol -37 

100-32 

Here  it  is  seen  that  the  TJO3  has  increased,  and  likewise  the  nitrogen, 
both  in  about  the  same  proportion,  but  it  is  not  clear  why  the  earths 
and  lead  oxide  should  not  show  a  greater  change. 

These  experiments  require  repetition  and  extension  to  other  than  the 
Glastonbury  mineral,  but  so  far  as  they  go  they  indicate  that  uraninite 
as  we  know  it  is  not  a  single -chemical  substance,  and  that,  as  was  to  be 
expected  in  such  case,  the  portion  containing  most  UO2  is  the  least  solu- 
ble. They  are  not  decisive  as  between  the  hypothesis  of  original  mix- 
ture and  that  of  mixtures  resulting  from  alteration.  In  this  respect  the 
following  observations  are  of  interest  In  dilute  hydrochloric  acid  a 
large  piece  of  North  Carolina  uraninite  falls  wholly  to  finest  powder  in 
course  of  time,  which  would  hardly  happen  were  it  one  original  sub- 
stance in  process  of  alteration,  unless  the  change  affected  every  smallest 
particle  of  the  mineral  simultaneously  and  to  the  same  extent.  Hydro- 
fluoric acid  speedily  covers  the  faces  of  a  bright  crystal  of  Branch- 
ville  uraninite  with  a  network  of  fine  cracks  visible  only  under  the 
glass,  and  soon  powder  can  be  rubbed  off  with  the  fingers. 

Whatever  may  be  the  eventual  conclusion,  it  will  be  found  that  the 
small  amount  of  water  afforded  by  all  analyses  must  be  carefully  con- 
sidered. Small  as  this  amount  is,  in  consequence  of  its  low  molecular 
weight  as  opposed  to  uranium,  thorium,  and  lead,  it  must  play  an  im- 
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portant  part  in  the  mineral  as  a  homog^eueous  whole  or  in  one  of  its 
parts  if  a  mixture.  In  the  latter  case  it  will  unquestionably  be  found 
to  belong  to  the  more  soluble  component. 

It  is  significant  that  the  two  uraninites  highest  in  UO2  give  the  low- 
est water,  and  while  it  is  true  that  the  Branchville  mineral  appears  to 
contain  more  than  that  from  Glastonbury,  this  may  be  only  apparent, 
for  the  former  was  simply  ignited  in  a  current  of  air,  while  the  latter 
was  fused  with  sodium  carbonate,  and  it  is  known  that  the  vapors  f^om 
both  possess  an  acid  reaction,  and  in  the  latter  case  give  an  increased 
weight  to  the  calcium  chloride  tube  when  no  alkaline  carbonate  is  used. 
It  is  imx)ortant  that  in  all  future  analyses  stress  shall  be  laid  upon  the 
utmost  accuracy  in  the  water  determinations,  and  if  insoluble  matter 
is  present,  it  must  be  ascertained  if  possible  how  much,  if  any,  of  the 
water  is  to  be  ascribed  to  this  source. 

Before  leaving  this  portion  of  the  subject  it  is  necessary  to  call  atten- 
tion to  one  difficulty  presented  by  the  analyses  for  which  no  satisfac- 
tory explanation  yet  presents  itself.  In  the  majority  of  cases  in  which 
all  constituents  have  been  estimated,  the  summation  is  considerably  in 
excess  of  100,  and  in  some  cases,  where  only  one  or  two  are  wanting, 
it  is  evident  that  they  would,  if  determined,  produce  a  like  result. 
Although  it  did  not  seem  possible  that  this  almost  constant  excess 
could  be  due  to  impurities  from  reagents,  or  to  want  of  sufficient  care 
in  washing  or  igniting  precipitates,  it  was  determined  to  make  an 
analysis  on  Glastonbury  material  with  the  utmost  possible  care,  using 
specially  prepared  reagents  and  only  platinum  vessels  and  reducing 
the  number  of  weighings  to  be  used  as  the  basis  for  the  summation  to 
a  minimum.  This  analysis,  executed  partially  in  duplicate,  is  Xo.  V, 
of  Table  I,  and  the  excess  still  appears.  It  seems  as  if  some  one  of  the 
weighings  must  have  been  uniformly  too  high,  but  how  this  can  be  is  a 
mystery.  Efi'orts  will  still  be  made  to  find  a  solution.  It  can  not  be 
sought  in  a  replacement  of  oxygen  by  nitrogen  in  combination  with 
uranium,  like  the  replacement  of  oxygen  bj*^  fluorine  in  many  minerals, 
for  since  the  nitrogen  is  freed  as  a  gas  by  sulphuric  acid,  it  is  immate- 
rial, so  far  as  the  summation  is  concerned,  whether  the  proportions  of 
UO2  and  UO3  as  found  by  titration  are  correct  or  not.  A  certain 
amount  of  oxygen  has  been  used,  and,  assuming  its  correct  determina- 
tion, it  does  not  alter  the  result  whether  this  has  been  employed  to  oxi- 
dize a  suboxide  of  uranium  to  UO3,  supposing  nitrogen  to  have  replaced 
a  part  of  the  oxygen  in  UO2,  or  only  in  oxidizing  UO2  to  UO3.  In  the 
former  case  the  actual  percentage  of  UO3  in  the  mineral  would  be  in- 
creased, but  the  oxygen  consumed  would  be  the  same. 

In  a  former  notice  *  it  was  mentioned  that  a  relation  ap])eared  to 
subsist  between  the  nitrogen  and  the  UO.2,  but  this  statement  was 
based  on  two  experiments  which  subsequent  work  showed  to  be  illu- 
sory.   There  is  certainly  a  relation,  but  not  exactly  such  a  one  as  was 
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then  surmised.  It  was  found,  namely,  on  examiuinp:  tbe  portions  used 
for  water  determinations  (by  ignition  in  dry  air  without  sodium  car- 
bonate) for  UO2  and  nitrogen,  that  the  residual  amounts  of  these  were 
exactly  in  proportion  to  their  original  percentages,  showing  that  the 
loss  of  nitrogen  kept  step  with  the  oxidation  of  UO2  to  UO,.  It  was 
later  found  that  these  results  were  accidental,  for  by  sufilciently  long 
heating  the  nitrogen  was  entirely  eliminated,  so  far  as  the  usual  tests 
showed. 

SPECIAL  EXPERniENTS  RELATING  TO  THE  NITROGEN  IN  URANINITE. 

The  last  observation  led  naturally  to  a  series  of  experiments  as  to 
the  behavior  of  the  nitrogen  on  heating  in  air,  in  carbonic  acid,  and  in 
hydrogen,  in  the  hope  that  thereby  some  clew  might  be  obtained  as  to 
its  probable  condition  in  the  mifieral.  They  were  all  made  on  the  mate- 
rial which  had  served  for  the  final  and  most  careful  analysis  of  Glaston- 
bury uraninite  (No.  V),  not  only  because  of  the  greater  quantity  at  dis- 
posal, but  also  because  of  its  high  percentages  in  U02and  il.  The  results 
were  in  some  respects  perplexing  to  the  last  degree,  and  as  yet  no 
satisfact-ory  explanation  hsis  been  found.  The  mineral  contained  :  UOj 
59-93,  IJO3  23-03,  N  2-41,  H^O  0-43,  FcjOa  0-29,  total  U  as  UO2  81-67. 

KPFECT  OP  HKATING  IN  AIR. 

After  ascertaining  that  no  nitrogen  could  be  obtained  either  by  sul- 
phuric acid  or  sodium-potiissium  carbonate  when  the  mineral  had  pre- 
viously been  heated  for  a  sufficient  length  of  time  in  air,  the  following 
experiment  was  made  to  show  if  the  final  change  in  weight  represented 
the  diiference  betw^eeu  loss  of  water  plus  all  nitrogen  and  gain  of  oxy- 
gen from  oxidation  of  UO2.  The  weight  of  ignited  material,  after  det<»r- 
mining  water,  in  nearly  all  uraninites,  had  indicated  that  thiscouhl  not 
be  the  case. 

1-0028  gramme  dried  at  10()o  C. : 

When  boated  below  rediiCHH  gained •(»(>♦;:> 

Wben  bealed  at  full  redness  for  6  hours  gained 'OCJO 

WbtMi  heated  at  full  redness  for  (J  hours  gained MIOOT 

When  heated  at  full  redness  for  G  hours  gained '0000 

•OlHH) 

Of  the  ignited  product  1-OOCO  gramme  equivalent  to  -0970  gramme 
of  unignited  mineral,  was  decomposed  in  a  sealed  tube  with  dilute 
sul})liuric  acid.  No  nitrogen  whatever  was  given  olf,  and  an  amount  of 
TIO2  was  found  representing  27-82  per  cent  of  the  unignit<Ml  mineral. 
The  UO,  which  had  been  oxidized  to  UO3,  therefore,  was  59-93-27-8L*, 
or  32*11  per  cent,  which  requires  1*90  ])er  cent  oxygen.  The  theoreti- 
cal change  in  weight,  assuming  no  nitrogen  to  have  been  expelled, 
would  be  the  algebraic  sum  of  the  oxygen  taken  u]),  of  tbe  water  driven 
off,  and  the  small  and  uncertain  additional  loss  which  is  shown  by  the 
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gain  of  acalciam  cblorido  tube  when  no  8(xlium  carbonate  is  used  in 
the  water  determination,  and  which  amounts  to  about  *0012  — '0015g. 
This  would  be  1-90 — (.43+. 13),  or  1.34.  Assuming  all  nitrogen  to 
have  been  expelled  there  should  appear  a  loss  of  1*07,  ami  such  a 
result  was  to  be  expected  in  view  of  the  failure  to  ilnd  nitrogen  in  the 
ignited  matter.  The  actual  result  would  indicate  that  only  0*44  per 
cent  of  nitrogen  had  been  expelled  by  prolonged  heating.  If  this  is  so 
no  other  explanation  seems  x)ossible  than  that  the  nitrogen  has  entered 
into  some  other  state  of  combination  in  which  it  is  not  set  free  by  sul- 
phuric acid  or  by  fusion  with  an  alkaline  carbonate. 

It  is  of  the  highest  importance  to  ascertain  definitely  if  the  nitrogen 
is  given  off  in  whole  or  in  part  by  heating  in  an  oxidizing  atmosphere, 
but  there  are  difticnlties  connected  with  the  carrying  out  of  such  an 
experiment  which  have  hitherto  prevented  its  being  made.  It  is  in- 
tended, however,  to  try  the  experiment  of  heating  in  oxygen  and  ab- 
sorbing the  latter  by  chromous  chloride,  after  the  manner  recommended 
by  Jannasch  and  Meyer  ^  for  nitrogen  determinations  in  organic  bodies. 

EFFECT  OF   IIRATINO   IN   CARBONIC  ACID  GAS. 

I.  1.0722  gramme  (dr^')  heated  in  carbonic  acid  generated  from  man- 
ganese carbonate  lost  0.49  per  cent  in  weight  and  afforded  but  a  doubt- 
ful trace  of  nitrogen. 

II.  1.0111  gramme  (dry)  when  treated  in  a  similar  manner  for  a  longer 
time,  lost  0.G9  per  cent  in  weight,  and  gave,  approximately,  1.4cm^ 
of  gas  or  0.17  per  cent  by  weight  of  nitrogen.  After  several  hours 
further  heating  the  boat  had  lost  no  more  in  weight,  and  no  addi- 
tional gas  seemed  to  be  given  oft*.  Because  of  the  imi>o8sibility  of 
freeing  the  carbonic  acid  from  all  tra<)es  of  atmospheric  nitrogen — a 
copper  roll  having  been  used  to  retain  its  oxygen — it  is  impossible  to 
say  with  any  certainty  whether  small  fractions  of  a  cubic  centimetre 
of  gas  were  derived  from  the  mineral  or  not. 

EFFECT  OF   HEATING  IN   JIYDROGEN. 

The  effect  of  heating  in  dry  hydrogen  was  a  reduction  of  practically 
all  UO3  to  UO2  and  a  slow  expulsion  of  nitrogen ;  at  least  the  usual 
methods  showed  less  and  less  according  to  the  duration  of  the  heating. 
The  following  are  the  data  obtained : 

I.  1*1287  gramme  (dry),  after  being  heated  for  3  hours  in  a  combustion 
tube  in  a  current  of  hydrogen  purified  by  potassium  hydrate  and  sul- 
phuric acid,  had  suffered  a  loss  of  O'OiOS  gramme.  Of  the  ignited  mineral 
0-8022  gramme  gave  1*62  per  cent  of  nitrogen  calculated  to  the  original 
weight  before  reduction,  and  0*3000  gramme  required  potassium  per- 
manganate equivalent  to  81*18  per  cent  of  UO2  on  the  same  basis.  In 
view  of  the  long  heating  required  to  reduce  the  percentage  of  nitrogen 
appreciably,  it  was  not  deemed  practicable  to  collect  any  of  it,  because 
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of  the  difficulty  of  getting  rid  of  such  a  large  quantity  of  hydrogen  and 
the  impossibility  of  freeing  the  latter  entirely  from  atmospheric  nitro- 
gen. When  transferred  to  a  eudiometer  and  exploded  with  air  and 
electrolytic  oxyhydrogen  the  gas  was  found  to  be  absolutely  free  from 
hydrogen,  which  it  was  thought  might  have  resulted  from  the  action  of 
reduced  iron  on  the  acid.  An  evolution  of  hydrogen  was  observed  at 
first,  and  the  tube  was  not  filled  with  carbonic  acid  till  this  had  entirely 
ceased.  The  fact  that  not  quite  the  theoretical  amount  of  UO2  was 
found  indicates  that  reduction  was  not  complete.  Mpre  than  the  theo- 
retical amount  should  have  been  found,  owing  to  the  ferrous  iron  formed 
on  solution  in  acid. 

It  was  proved  by  passing  the  gases  from  the  combustion  tube  through 
dilute  hydrochloric  acid  and  evaporating  the  latter  with  platinic  chlo- 
ride that  no  ammonia  whatever  was  formed. 

The  loss  in  weight  above  given  should  represent  the  water  in  the 
mineral  (0»0049),  the  oxygen  of  the  UO3  reduced  to  UO^  (00148),  all  the 
oxygen  of  the  iron  existing  as  ferric  oxide,  possibly  the  oxygen  of  lead 
oxide,  and  lastly  an  amount  of  nitrogen  represented  by  the  difference 
between  the  original  percentage  (2*41)  and  1-62,  the  residual  percen^ 
age.  The  water  and  the  oxygen  of  the  UO3,  however,  alone  amount  to 
0*0197,  or  just  the  total  loss. 

II.  1*5700  gramme  (dry)  gave  a  loss  of  0*0316  gramme  after  six  hours 
heating  in  hydrogen.  1*1179  gramme  of  the  reduced  mineral  gave  1*05 
[)er  cent  of  nitrogen,  and  0*4177  gramme  gave  81*46  per  cent  of  UO2, 
both  calculated  to  unreduced  mineral.  The  loss  in  weight  should  repre- 
sent 0*0067  water,  0-0206  oxygen  from  UO3,  an  uncertain  amount  from 
Fe/Oj  and  possibly  from  PbO,  and  the  difference  between  2*41  and  1*05 
per  cent  nitrogen.  But  it  does  not  exceed  the  sum  of  water  and  oxy- 
gen alone,  and  as  in  the  first  experiment  no  nitrogen  seems  to  have 
been  removed,  although  quantitative  tests  show  that  much  has  disap- 
peared. Further  tests  at  a  higher  temperature  in  a  crucible,  whereby 
some  lead  was  reduced  and  partly  volatilized,  showed  that  all  the  ni- 
trogen could  be  caused  to  disappear. 

These  results  are  as  perplexing  as  those  obtained  by  heating  in  air, 
and  the  explanation  when  found  will  doubtless  lead  to  one  for  the 
other  case.  The  apparent  failure  to  expel  nitrogen  by  hydrogen  might 
be  taken  as  additional  evidence  of  its  combination  with  uranous  ura- 
nium, but  it  is  as  difficult  to  conceive  why  it  should  not  still  bo  set  free 
by  sulphuric  acid  after  reduction  of  the  UO3,  as  after  oxidation  of  a 
portion  of  the  UO2  to  UO3. 

CONCLUSIONS* 

Briefly  summarized  the  conclusions  are  as  follows : 

First.  Nitrogen  exists  in  uraniuite  in  quantities  up  to  over  2.5  per 
cent,  and  seems  generally  to  bear  a  reLition  to  the  amount  of  UO2  pres- 
ent.   This  is  the  first  discovery  of  nitrogen  in  the  primitive  crust  of  the 
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earthy  for  the  nitride  of  iron  foaud  by  Silvestri  ^  in  lavas  from  Etna  is 
of  itH^ent  and  secondary  origin.  It  is  rather  strange  that  no  works  on 
mineralogy,  so  far  as  I  am  aware,  make  mention  of  his  species. 

Second.  The  condition  in  which  the  nitrogen  exists  is  ankuown,  bat 
it  is  entirely  different  from  any  hitherto  observed  in  the  mineral  king- 
dom, being  liberated  as  nitrogen  gas  by  nonbxidizing  acids  and  by 
fnsion  with  an  alkaline  carbonate.  Fusion  with  caustic  alkalies  does 
not  give  rise  to  the  formation  of  ammonia,  bat  probably  liberates  ni- 
trogen. 

Third.  Analysis  of  uraninite  from  various  localities  has  shown  that, 
with  in  general  the  same  constituents,  the  mineral  varies  widely  in  com- 
position, and  that  its  physical  characteristics  and  its  behavior  toward 
certain  solvents  are  often  as  distinct  as  the  chemical  differences. 

Fourth.  The  formulae  of  Gomstock  and  Blomstrand  are  inapplicable 
to  the  ziroonla,  thoria,  and  y  ttria  uraninites  of  ^orth  America  and  Nor* 
way,  among  which  are  to  be  reckoned  broggerite,  cleveite,  and  nive- 
nite,  and  probably  to  the  varieties  free  from  earths. 

Fifth.  Extended  and  most  careful  examination  of  uraninite  specimens 
from  all  possible  localities  is  necessary  before  any  conclusion  worthy  of 
acceptance  can  be  reached  as  to  the  character  of  the  chemical  combina- 
tion, or  combinations,  represented  by  them.  The  work  in  this  direction 
should  likewise  cover  a  study  of  the  nitrides  and  oxynitrides  of  uranium 
and  thorium,  with  synthetical  experiments  aiming  at  the  artificial  pro- 
duction of  uraninite. 

This  latter  work  will  probably  be  undertaken  in  this  laboratory  as 
opportunity  may  offer,  together  with  some  further  experiments  upon 
some  of  the  material  already  examined.  It  is  earnestly  to  be  hoped 
that  those  possessing  or  in  a  position  to  procure  uraninite  specimens 
will  take  the  trouble  to  examine  them  on  the  lines  suggested  in  the 
foregoing  pages,  or  if  unable  to  do  so,  will  kindly  contribute  material 
for  examination  here. 

The  interest  in  the  matter  is  not  confined  merely  to  a  solution  of  the 
composition  of  this  one  mineral ;  it  is  broader  than  that,  and  the  ques- 
tion arises,  may  not  nitrogen  be  a  constituent  of  other  species  in  a  form 
hitherto  unsuspected  and  unrecognizable  by  our  ordinary  chemical 
manipulations  f  And,  if  so,  other  problems  are  suggested  which  it  is 
not  now  if  I  order  to  dincasR. 


'Uuz.  chilli.  lUl.,  1875,  vol.  5,  p.  300. 
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BT  Wv  H.  Mbltxua 


An  ezeelloDt  gpeoiiiMD  <tf  metadDDabMito  wu  recently  rotuxl  id  the 
quickailver  miae  ftt  Kev  AlauideD,  Suite  Olan  Oeimty,  Oaliforois;  and 
a  portion  of  it  VM  i^TOi  me  M  etomlnatlon.  HetecdaoKbaElte  ww 
never  before  knowa  to  oooar  la  tboM  depoatts,  although  in  neighboriag 
cinnabar  localitiM  the  amorphous  minwal  hw  been  met  with.  This 
specimeu  carries  finely  developed  andbriltiaut  oryBtals  vhloh  are  admir 
ably  adapted  finr  meaaorement  oa  the  goniometer. 

Id  tlieoreeeam  where  cinnabar  has  been  deposited,  there  ^^eaxs  an 
argillaceons  mass  whiohhas  resolted  flcom  sediments  derived  from  the 
decomposition  of  the  oDontry  roc^  *by  soUhtario  aotaon.  This  mass  ii 
not  liomoKeneoos  bat  oonsiBts  of  gray  and  green  particles,  the  former 
evidently  a  iaiztnre  of  clay  and  partly  deoompoeed  rock  oonstitoents 
with  a  small  amoout  of  carbonates,  the  latter  a  silicate  the  composition 
of  whicli  in  shown  in  the  following  analysis: 

Analgtu  oj  ikt  gretn  lUicate, 

SiO, 67-83 

CrjOo .■ 5*31 

NiO 4-57 

CaO 0-73 

MgO 7-84 

AlkolieB very  Utile 


In  justice  to  these  figures  it  should  be  said  that  only  0-1225  gramme 
of  substance  could  be  obtained  in  sofficieut  purity  for  study,  and  the 
little  impurity  which  this  sample  contained  could  not  be  removed  by 
Thoulet's  solution;  also  alkalies  could  not  be  determined. 

Throughout  this  sheet  of  soft  argillaceous  matter,  or  selvage,  large 
quantities  of  metallic  qnickailver  easily  seen  by  the  naked  eye  are  dis- 
tributed, and  bright  red  cinnabar  often  deeply  coloring  small  areas 
of  quartz  has  crystallised.    Oinnabar  is  found  mainly  deposited  on  this 
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selvage — ou  the  8x>eciinen  at  hand  about  an  inch  thick — intimately 
mixed  with  quartz,  thus  forming  a  hard  compact  mass  upon  which  have 
grown  cinnabar  crystals,  and  these  in  turn  are  coated  with  minute 
quartz  crystals.  To  this  quartz  the  acute  apex  of  the  metacinnabarite 
crystal  is  attached  and  consequently  is  always  broken.  The  genesis  of 
this  metacinnabarite  was  certainly  subsequent  to  the  deposition  of  the 
cinnabar,  and  groups  of  Hat  rhombohedrons  of  white  semitransparent 
calcite  appear  to  have  formed  at  the  same  time.  Crystallized  dolomite 
is  common  among  the  ores  of  Kew  Almaden  and  to  this  a  fibrous  sili- 
cate, undoubtedly  chrysotile,  firmly  adheres.  Fine  bluisli  opal  and  oc- 
casional spangles  of  pyrite  complete  the  list  of  associated  minerals. 

One  other  brittle  substance  was  discovered  while  picking  out  meta- 
cinnabarite for  analysis.  It  forms  almost  perfect  spheres  of  a  brilliant 
black  color,  which  volatilize  at  a  high  temperature  in  yellowish  vapor 
with  a  strong  bituminous  odor.  The  substance  is  organic  matter,  and 
curiously  mercury  does  not  enter  into  its  composition.  These  inheres 
can  be  detected  under  the  microscope  embedded  in  the  faces  of  the 
crystals  of  metacinnabarite  (Fig.  2),  and  some  were  obtained  by  sharply 
rapping  the  specimen. 

The  rather  low  specific  gravity  of  metacinnabarite  is  thus  accounted 
for  in  part.  Again,  the  presence  of  minute  particles  of  quartz  was 
unavoidable,  and  therefore  the  given  value  was  also  influenced  to  a 
slight  extent  by  this  cause.  The  crystals  used  for  the  determination  of 
the  specific  gravity  contained  far  less  impurity  than  is  recorded  in  the 
analysis  which  follows.  The  specific  gravity  was  in  two  cases  7'01)5  and 
7*142,  or  mean=7'118,  almost  identical  with  that  of  guadalcazarite,  7'15. 

Analysis  of  metacinnaharite. 

At  ratio. 

S 13-68  0-855 

Hr 78-01  S  corro8ponding=i2  48%  0*7801 

Fe 0-61  0-34  00218) 

^■o trace  Uo540 

Zn 0-90  0-44  0  0277  |  "  "'***' 

Mn 0-15  000  00054J 

CftCOa O"'!  

Ke-iidiie,  quarts 457  13*35 

Volatile  organic  matter 003       S  found 13-68 

90-26 

For  analysis  0*G237  gramme  of  substance  was  available,  and  both  the 
qualitative  and  quantitative  study  proceeded  contemporaneously.  The 
small  errors  of  analysis  are  distributed  between  the  sulphur  and  organic 
matter,  where  the  sulphur  is  as  usual  a  trifle  too  high.  An  uncertainty 
naturally  exists  in  the  determination  of  the  organic  matter.  Selenium 
was  looked  for,  but  its  presence  was  not  established. 

The  crystals  belong  to  the  rhombobedral  system  (Miller)  and  consist 
of  two  poles  diiferently  modified.    The  following  forms  were  observed  ; 

Bull.  78 6 
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Analogue  prf«. 

UfUar.         BniTals-Hlller. 

(t  H  «) 

BuilpUae 

.{llOll 
dO&Ml 

■(UM) 

K^Miro  iboniboliDdroD 

:«(iBi) 

AnlUoauepaU. 

..(3».H.lt,l 

.(50,(0.0.11 

.((3l.lf.iS| 

.{*s,*txh 

((3S,lS,i3  ) 

.(41,38.3.1) 

ADKlo  of  ■!«  (Milkr)  =  US'  IV  W 

Aii>l  ntlo  <. :  a  =  0-2an  :  1  (Saumii 

n). 

MMwred. 

Cakulnt«l. 

=       1»>  ly 

lOOA 

010 

za  zs 

100  A 

2ii 

UIA 

s»,iT.n 

W    10 

W  10'  38" 

SI,  17.  is 

W     31 

04     33 

»,tj.ii 

a  IT 

a  It  IT  A 

iT.3J.l7 

us    28 

110    M 

n,H.i7  A 

S1.1T.U 

»,lT.i)  A 

SMS.  IK 

3    » 

Tb«  potos  of  the  acaleaohmlroDa  in  tbe  negative  beiuispliero  almost 
belong  in  tbe  zone  (lirolea  passing  tliroagb  any  two  polet)  of  the  nega- 
tive rhombohedion;  therefore,  as  shown  in  theflgnres,  the  planes  of  tbe 
former  do  not  exactly  bevel  the  terminal 
edges  of  the  latter.  Tbr>  faces  of  tbo 
former  *(36,  IB,  I2)  are  toctonic  autl  con- 
tain serieB  of  reijnteriog  angles  (Fig.  2) 
which  indicat4J  tbe  building  up  of  that  por- 
tion of  tbe  crystal  rather  than  twiuuiug, 
Othorwiiie  striationti  are  absent,  and 
owing  to  the  brilliancy  of  tbe  plane  sur- 
faces sharp  reflections  of  tbe  signals  ou 
the  gouiomet«r  were  obtained.  Fig,  if 
was  drawn  with  the  aid  of  cross-hair  and 
graduated  stage  of  tbe  microscope  and  tu 
such  position  that  the  face  (33, 17,  T')  is 
Fio.  2— MeiacinnBiarit"  iTjBi*!!.  parallel  to  the  plaiic  of  projection.  The 
following  plane  angles  were  read:  asSC^  '20",  ,J=82o  45',  ^=39,  J= 
85°  30',  j;=24°.  The  relations  of  these  angles  with  the  elements  of 
the  crystal  have  not  been  made  out.  With  the  exception  of  t{:i:i2) 
all  the  observed  forms  are  represented  in  Fig.  1,  and  actually 
occur  on  one  crystal  with  equal  regularity.  Fig.  2  is  the  com- 
bination of  ;t(lll)  with  the  planes  of  the  antilogue  iK)Ie  tabuhitod 
above.  The  dtstauces  of  the  poles  of  all  tbe  rliombobedral  faces 
from  the  pole  of  (111)  were  measured  on  the  same  crystals,  and  no  doubt 
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can  possibly  exist  as  to  the  system  of  crystallizatioD.  Viewed  as  they 
are  implauted  on  the  rock,  the  crystals  present  much  similaritjr  to 
tetrahedrons,  but  examination  shows  that  the  faoe  of  the  negative 
rhombohedron  in  combination  with  the  basal  plane  forms  an  isosceles 
and  not  an  equilateral  triangle.  Besides  the  measured  angle  ^=82^ 
io'  the  plane  acute  angle  of  (33,  17,  l7)=14o  29^  40''  was  calculated 
from  the  fundamental  angles.  The  crystals  vary  in  length  from  l*24mm 
to2*3mm  and  in  width  from  0*59mm  to  0*97mm ;  possess  a  high  metallic 
luster,  black  color,  black  streak  with  slight  reddish  tinge ;  are  brittle 
with  hardness  about  2 ;  and  give  the  reactions  for  zinc  and  sulphide  of 
mercury. 

This  mineral  I  consider  metacinnabarite,  since  the  atomic  ratios  give 
a  very  improbable  formula.  Its  specific  gravity  is  much  below  that 
given  to  the  species  by  Mr.  G.  B.  Moore^  7*70  —  7*76  for  the  reasons 
stated  above.  On  the  other  hand  its  somewhat  close  resemblance  to 
guadalcazarite'  in  chemical  and  physical  properties — for  Castillo  Aen- 
tious  rhombohedral  crystals  of  this  mineral — might  point  to  its  identity 
with  this  species.  But  i(  must  be  acknowledged  to  be  metacinnabarite 
in  composition  with  a  small  percentage  of  impurity  of  other  suli)hides 
such  as  would  be  naturally  expected  on  precipitation  and  crystalliza 
tion  from  solution.  Again,  the  crystals  of  metacinnabarite,  many  of 
which  I  have  examined  from  localities  in  California  as  far  back  as  1882, 
are  very  indefinite,  and  although  they  appear  to  be  rough  cubo-octahe- 
(Irons,  might  really  consist  of  the  combination  of  basal  plane  and  rhom- 
bohedron. Mr.  S.  L.  Peufield*  lias  described  metacinnabarite  crj'stals 
from  California,  and  determines  them  to  be  hemihedral  isometric  forms. 
One  measurement  is  there  given,  viz :  322^323=SC'=>  54^'  (mean  of  three) 
which  approximates  the  angle  (111)^(33,  17,  17) =85*^  50',  the  supple- 
ment of  which  appears  in  the  table  above.  It  is  possible  that  these 
two  planes  may  form  the  combination  I  have  indicated.  No  angle 
occurs  on  crystals  in  my  i>ossessiou  near  that  of  211^112=33'^  15'  to 
36<^  54'  which  Mr.  Penfield  found.  It  is  barely  probable  that  metacin- 
nabarite is  dimorphous.  If  it  should  happen  that  brilliant  crystids  of 
metacinnabarite  from  the  Knoxville  quicksilver  district  should  be 
found,  I  firmly  believe  that  their  habit  could  be  reconciled  with  the 
symmetry  of  the  crystals  from  New  Alniaden,  the  southern  district. 

It  is  through  the  kindness  of  Mr.  Waldemar  Lindgren,  of  the  U.  S. 
Geological  Survey,  and  Mr.  F.  Von  Leicht,  the  superintendent  of  the 
New  Alniaden  quicksilver  mines,  that  the  material  was  available  for 
this  study. 


»  Daua's  M.im5ralo;;y,  App.  i,  p.  10.       *  Ibid,  App.  ii,  p.  25.       »  Am.  Jour.  Sci.,  June,  1885,  p.  452. 


Bt  Thohab  H.  Ohatakd. 


In  all  cases  whwe  the  water  in  minonls  and  roeks  is  easily  expelled 
tbu  uppAruttu  described  by  me  in  tJie  American  Joonial  of  Scienoe,  voL 
xxwii,  Jaoe,  1889,  p.  408,  has  been  foand  very  satia&otoiy.  Many 
rocks  and  minerals,  however,  do  not  lose  all  of  their  water  ontal  exposed,  , 
lor  a  cuusiderable  time,  to  a  temperatate  at^whioh  glass  softens.  A 
more  refractory  tabe  is  therefore  aeoessary,  and  a  platinum  tabe,  sauh 
aH  is  used  for  the  determinatiou  of  oarboa  in  iron  and  steel,  has  been 
u8cd  to  great  advantage.  The  arrangement  of  the  apparatus  is  shown 
in  the  cat. 


Fin.  3.— App>r>tas  tot  determliiatloD  ol 

TbotaboA  has  an  outside  diameter  of  10mm.,  the  small  tube  B,5mm. 
A  need  not  be  longer  than  350 — 300mm.,  B,  80mm.  0  is  a  piece  of  lead 
gloss  tubing  Aised  onto  the  end  of  B  and  bcutaud  drawn  out  as  shown. 


ciiATABD.l     APPARATUS   FOR   DETERMINATION   OP   WATER.  85 

D  IS  a  collar  of  phosphor  bronze  bored  out  with  a  slight  taper  and  is 
fitted  over  the  end  of  the  piatiuuin  tube,  the  edge  of  which  is  flanged 
HDioothlj  over  the  face  of  the  collar.  The  phosphor-bronze  plug  E  has 
a  taper  corresponding  to  that  of  the  collar,  which  it  fits  very  tightly  and 
smoothly.  The  shoulders  of  both  plug  and  collar  are  made  hexagonal 
toinsare  a  firm  grasp  when  putting  together  or  taking  apart  and  shonld 
be  stont  enough  to  prevent  any  accidental  deformation.  The  small 
tube  F  is  closed  at  the  inner  end,  a  ring  of  small  holes  being  bored 
through  the  side  close  to  the  face  of  the  plug.  By  this  arrangement  all 
back  circulation  is  prevented  and  the  moisture  which  condenses  in  the 
cold  part  of  the  tube  is  easily  and  completely  removed. 

The  platinum  boat  containing  the  substance  to  be  examined  is  placed 
in  a  cylinder,  H,  made  of  platinum  foil,  which  is  closed  at  one  end  by  a 
cap,  I,  in  the  center  of  which  is  a  small  hole  to  allow  the  passage  of  a 
current  of  air  over  the  substance,  while  a  small  ring  soldered  to  the  cap 
enables  one  to  put  in  or  remove  the  cylinder  with  ease.  The  use  of 
this  cylinder  prevents  the  loss  of  any  of  the  substance  by  spattering, 
as  when  sodium  carbonate  is  mixed  with  it,  and  also  the  frequently 
resulting  adhesion  of  the  boat  to  the  tube. 

The  permeability  of  highly  heated  platinum  to  the  gases  of  combus- 
tion, resulting  in  errors  in  the  determination,  is  well  known.  To  over- 
come this,  and  also  to  protect  the  valuable  tube  from  injury,  the  part 
where  the  cylinder  is  placed,  and  which  is  ultimately  exposed  to 
the  highest  heat  of  a  blast  lamp,  is  wrapped  with  several  layers  of 
abestus  paper  soaked  with  a  saturated  solution  of  borax.  The  wrapping 
is  secured  with  thread  and  thoroughly  dried,  more  of  the  borax  solution 
being  put  on  if  deemed  necessary.  When  quite  drj',  the  asbestua  is  cov- 
ered with  a  sheet  of  platinum  foil,  KK,  secured  by  wire.  The  whole  is 
then  highly'  heated  and  allowed  to  cool  slowly.  If  properly  made  and 
put  on,  such  a  wrapping  should  last  for  months  of  steady  use,  can  be 
easily  replaced  when  necessary,  and  all  risk  of  injury  to  tiie  tube  is 
avoided. 

The  air  bath  L,  especially  constructed  for  this  tube,  is  a  copper  box 
open  in  front  with  a  slit  at  each  end,  as  shown  in  L',  suited  to  the  size 
of  the  two  portions  of  the  tube.  The  front  is  closed  by  a  plate  of  cop- 
per, on  the  inner  si<le  of  which  several  layers  of  asbestus  board  are 
fastened.  The  edges  of  these  Jire  slightly  beveled  to  insure  a  tight  fit, 
and  a  hook  at  the  top  of  the  bath  holds  the  plate  in  place.  The  bath 
is  covered  with  asbestus  board,  and  when  in  use  the  o])en  portions  of 
the  slits  are  closed  by  asbestus  plugs.  The  bath  is  furnished  with 
thermostat,  thermometer,  and  lamp,  and  the  whole  mounted  on  a  stand, 
the  base  of  which,  M,  is  fitted  with  four  small  wheels  so  that  it  can  be 
pushed  into  position  or  removed  without  disturbing  the  rest  of  the 
apparatus. 

When  using  the  apparatus  the  tube  is  fastened  by  a  clamp  near  the 
end,  the  roll  of  platinum  gauze  G  is   shoved  into    place,  the   plug 
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inserted,  a  slow  stnwn  of  diy  air  passed  throagh,  and  then  heated 
tlirougliont  its  length  and  allowed  to  oool.  The  boat  omtaining  the 
Kubstance  is  now  pat  into  the  cylinder^  whieh  is  at  onee  poshed  into 
the  tube  far  enough  to  tondi  the  roll  of  ganse.  The  roll  G^fidlows,  and 
the  plug  is  rehiserted,  the  enrrent  of  air  being  kept  ap.  ISie  air  bath, 
previonslj  broogfat  to  its  standard  temperatore,  10EK>,  is  now  opened, 
ran  into  position,  the  tnbe  sliding  smoothly  into  the  dits,  and  then 
closed,  regaining  its  tempnatnre  in  a  fisw  minutes.  When  it  is  oon- 
Ridered  that  the  tobe  and  eontents  are  perfeetly  dry,  the  U  tnbe  K, 
described  in  the  paper  already  qooteid,  is  attached,  and  the  air  bath 
removed  by  opening  it  and  ndling  it  badk.  The  tightness  of  the  appa* 
ratns  is  now  tested,  and,  if  satisfaetoi^,  the  air  enrrent  is  r^^nlated  and 
the  tnbe  gradnaily  heated,  beginning  at  the  roll  G'  and  using  an 
ordinary  burner.  If  mneh  water  condenses  in  the  bent  f^ass  tube  the 
heat  must  be  Tory  gradnally  inereased,  and  this  is  best  eflEbeted  by 
keeping  the  part  GK  quite  hot,  thus  heating  the  air  current  and  pre- 
venting as  fiur  as  possible  the  always  annc^ng  back  circulatiiNi. 
Finally  the  portion  of  the  tube  covered  by  the  borax  asbestos  is 
exposed  to  the  itall  heat  of  a  blast  lamp,  to  which  a  flat  burner  has 
been  adapted. 

When  no  moisture  remains  in  the  glass  tube  the  blast  lamp  is 
removed  and  the  iq^paratus  allowed  to  cooL  When  cold  the  U  tnbe  is 
disconnected  and  weighed  and  the  cylinder  with  its  contents  with- 
drawn. If  the  amount  of  material  at  disposal  is  small,  this  portion  can 
be  used  for  the  determination  of  the  silica  and  the  bases,  since  any  loss 
has  l)een  prevented  by  the  cylinder,  which  can  be  wsishod  clean  with 
dilnte  hydrochloric  acid  and  any  lusolnble  matter  filtered  off  and 
adde<l  to' the  rest  of  the  snbstance  in  the  boat,  which  can  l>e  fased  with 
sodium  carbonate  in  the  usual  manner. 

The  use  of  the  cylinder  and  the  abestus  wrapping  obviates  the  only 
serious  objection  to  this  method,  namely,  the  high  cost  of  the  platinum 
tube,  as  in  this  way  the  tube  is  absolutely  protected  from  all  damage. 
By  having  duplicate  boats,  cylinders,  and  U  tubes  the  determinations 
can  1)6  ma^le  quite  rapidly,  and  a  large  numl>er  of  determinations  made 
in  t4ii8  way  by  myself  and  others  have  given  very  satisfactory  results. 


THE    SEPARATION  OF  TITANIUM.  CHROMIUM,  ALUMINUM,  IRON, 
BARIUM.    AND  PHOSPHORIC  ACID  IN  ROCK  ANALYSIS. 


By  Thomas»M.  Chataed. 


Having  to  examine  Rome  magneRian  silicate  rocks  containing,  in 
addition  to  iron  and  alnminam,  small  quantities  of  titanium,  chromium, 
barium,  and  phosphoric  acid,  the  methods  for.  the  decomposition  of 
such  rocks  and  the  separation  of  their  constituents  were  studied  and 
compared  so  as  to  determine  the  most  advisable  manner  of  procedure. 
After  repeated  trials  the  following  course,  combining  a  number  of  well 
knowi^  methods,  has  been  found  to  be  the  most  satisfactory. 

The  silica  and  bases  are  determined  by  the  ordinary  sodium  carbon- 
ate fusion  method,  in  which  the  hydrates  of  titanium,  iron,  aluminum, 
and  chromium,  together  with  the  phosphoric  acid,  are  precipitated 
together  and  after  weighing  fused  with  sodium  bisulphate,  dissolved, 
the  small  amount  of  silica  separated,  and  the  solution,  after  reduction 
of  the  ferric  oxide,  titrated  for  total  iron. 

To8ei)arate  these  oxides  and  at  the  same  time  to  determine  the  bar- 
ium, two  grammes  of  the  finely  pulverized  mineral  are  put  into  a  plat- 
inum crucible  or  dish,  moistened  with  water,  dilute  sulphuric  acid  (1:1), 
and  pure  strong  hydrofluoric  acid  added  in  considerable  excess,  the 
vessel  put  on  a  radiator  to  evaporate,  and  stirred  from  time  to  time. 
When  the  solution  is  so  far  evaporated  that  fumes  of  sulphuric  acid 
begin  to  come  off  there  should  still  be  so  much  acid  present  as  to  form  a 
solution  or  emulsion  and  not  a  paste,  since  the  paste  is  liable  to  bake 
on  the  bottom  of  the  vessel  and  form  the  difficultly  soluble  anhydrous 
sulphates  produced  by  overheating,  especially  when  magnesia  is  i)res- 
entin  quantity.  At  this  point  it  is  well  to  add  a  few  drops  of  nitric 
acid  to  oxidize  the  ferrous  oxide  and  a  little  more  hydrofluoric  acid  to 
insure  the  complete  exjmlsion  of  the  silica.  The  evaporation  is  then 
continued  till  the  sulphuric  acid  fumes  strongly  and  no  o<lor  of  hydro- 
fluoric acid  can  be  detected  when  the  solution  is  cooled  below  the 
point  at  which  the  sulphuric  acid  fumes. 

Twenty-five  cubic  centimetres  of  dilute  hydrochloric  acid  (1:5)  is 
now  added,  stirring  continually,  and  the  material  is  then  eva])orated 
on  the  water  bath  till  most  of  the   IICl    has  been  driven  oft'.    The 
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material  is  tben  washed  into  a  beaker  and  any  residne  adhering  to  the 
vessel  can  be  removed  by  a  few  drops  of  hot  strong  IICl,  rubbing  with 
a  bit  of  paper  if  necessary.  If  the  solution  is  very  turbid  it  can  be 
digested  on  the  water  bath  for  some  time,  bat  ultimately  it  is  diluted 
witli  hot  water  to  250>-300  cubic  centimetres,  allowed  to  stand  for  sev- 
eral hours,  and  then  filtered. 

The  residue  contains  the  barium  as  sulphate  and  sometimes  small 
amounts  of  chromite  or  other  minerals  of  the  same  class.  It  is  washed, 
ignited,  and  thoroughly  fused  with  sodium  carbonate  in  a  small  cruci- 
ble, the  fused  mass  being  then  digested  with  hot  water  and  leached. 
Tlie  well  washed  residue  is  dissolved  on  the  filter  with  dilute  HCl,  and 
this  solution  filtered  through  the  same  filter,  which  after  washing  is 
burned,  the  ash  fused  with  a  little  sodium  carbonate,  the  msiss dissolved 
in  <lihite  IIGI,  and  added  to  the  leachings,  which  are  now  acidified, 
and  added  to  the  main  solution  after  reduction  of  the  chromic  acid. 
The  HCl  solution  containing  the  barium  is  evaporated  to  a  few  drops 
to  get  rid  of  the  excess  of  IICl,  taken  up  with  water,  and  precipitated 
with  dilute  1X2804.  The  filtrate  from  the  barium  sulphate  is  added  to 
the  main  solution. 

This  main  solution,  which  should  be  perfectly  clear  and  contain  the 
iron  and  chromium  as  sesquioxides,  is  now  made  alkaline  by  KH4HO 
and  the  precipitate  redissolved  by  dilute  HOI.  A  few  drops  of  acetic 
acid  are  added,  the  liquid  brought  to  a  boil,  NH4HO  added  in  very 
slight  excess,  the  boiling  continued  for  a  few  minutes,  and  the  precipi- 
tate filtered  and  washed.  As  the  sole  reason  for  this  precipitation  is 
to  get  rid  of  the  magnesia  and  the  accumulation  of  other  salts,  the 
washing  need  not  be  thorough  but  the  filtrate  must  be  tested  and  pre- 
cipitation proved  complete. 

The  precipitate  is  dissolved  in  hot  dilute  HCl.  The  filter,  after 
washing,  is  l)urne<l  in  a  large  platinum  crucible  into  which  the  solution, 
con(;eutrate<l  to  a  small  bulk,  is  put  and  evaporated  on  the  water  bath 
till  it  becomes  pasty.  Just  enough  water  is  now  added  to  dissolve  the 
salts  and  then  dry  sodium  carbonate  is  added  in  small  portions,  with 
continual  stirring  till  a  comparatively  dry  mass  results.  This  must  be 
very  carefully  done,  for  if  too  much  soda  is  added  at  a  time  and  each 
addition  is  not  thoroughly  stirred  into  the  mass  the  after  fusion  is  apt  to 
be  'Mumpy"  and  unsatisfactory. 

When  a  good  excess  of  carbonate  has  been  thus  added  the  mass  is 
dried  and  gradually  brought  to  clear  fusion,  which  should  be  continued 
for  about  half  an  hour.  If  lumps  form,  which  is,  however,  rarely  the 
case  if  lime  and  magnesia  are  absent  and  the  foregoing  directions  are 
followed,  they  can  be  broken  up  by  shaking  the  crucible  with  a  circular 
motion  to  detach  them  from  its  walls.  When  the  fusion  is  complete  the 
mass  is  spread  around  the  walls  of  the  crucible  and  slightly  cooled.  A 
small  <|uantity  of  sodium  nitrate  is  now  added,  the  whole  ra])idly  fused 
and  carefully  boiled  for  not  more  than  tivii  miuutes,  again  spread  over 
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the  crucible  and  rapidly  cooled  with  a  blast  of  air.  The  mass  is  boiled 
with  water  till  completely  disintegrated  and  then  leached.  Eepeated 
tests  have  shown  that  the  residue  which  contains  the  titanium  is,  when 
well  washed,  free  from  chroaium  and  phosphoric  acid. 

The  washed  residue  is  dissolved  in  hot  dilute  HOI,  the  filter  burned, 
the  ash  fused  with  NaHS04,  dissolved  in  water  and  added  to  the  so- 
latiou.  The  titanium  in  this  solution  is  separated  by  the  excellent 
method  of  Dr.  (Jooch,  following  all  the  details  as  laid  down  by  him  in 
the  Proc.  Am.  Acad.,  vol.  12,  p.  435,  et  seq.'  I  have,  however,  found 
it  convenient,  after  the  destruction  of  the  tartaric  acid  by  potassium 
permanganate  and  the  clearing  of  the  solution  by  sulphurous  acid,  to 
add  ammonia  in  slight  excess,  then  at  once  acetic  acid  in  excess,  and 
boil  with  addition  of  sulphurous  acid.  The  precipitate  of  titanium  hy- 
drate, mixed  with  some  alumina,  is  filtered  and  washed  with  water  con- 
taining sulphurous  acid  and  a  little  acetic  acid.  It  is  thus  freed  from 
manganese  and  brought  into  a  small  compass,  rendering  the  after  work 
easier.  Before  the  final  precipitation  of  the  titanium,  the  platinum, 
generally  in  the  solution,  should  be  removed  by  n2S. 

The  filtrate  containing  the  chromic  and  phosphoric  acids  is  heated 
and  ammonium  nitrate  cautiously  added  till  no  further  precipitation  of 
alumina  occurs.  The  precipitation  of  the  aluminum  phosphate  seems 
to  be  complete,  but  some  alumina  always  remains  in  solution.  The 
precipitate  is  allowed  to  settle,  the  supernatant  liquid  decanted,  and 
the  precipitate  washed  with  solution  of  ammonium  nitrate  till  the  yel- 
low tinge  disappears;  it  is  then  dissolved  in  dilute  HNOa.and  the 
phosphoric  acid  precipitated  with  molybdate  solution. 

The  filtrate  containing  the  chromic  acid  is  acidified,  boiled,  neutral- 
ized with  NH^HO,  and  the  chromic  hydrate  precipitated  by  freshly 
prepared  ammonium  sulphide.  The  precipitate,  after  some  washing, 
is  dissolved  in  hot  dilute  HNO3,  and  after  concentration,  KClOa  is 
added  and  the  solution  boiled,  being  finally  evaporated  nearly  to  dry- 
ness to  expel  the  excess  of  acid.  It  is  then  diluted  with  cold  water, 
and  saturated  solution  of  NaHCOa  added  in  small  excess  separating 
the  last  traces  of  alumina.  After  standing  about  three  hours  the 
alumina  is  filtered  ofl:'  and  washed  with  moderately  dilute  solution  of 
NaHCOs.  The  filtrate  is  acidified,  and  the  chromic  acid  reduced,  pre- 
cipitated by  ammonium  sulphide,  filtered,  washed,  redissolved  to  get 
rid  of  traces  of  alkali,  reprecipitated,  and  finally  weighed  as  Cr203. 

This  method,  due  to  Baubigny,  for  the  separation  of  chromium  from 
aluminum  is  very  good  and  convenient  if  the  solution  is  free  from  iron 
and  contains  but  little  alumina.  Careful  tests  have  shown  that  if  iron 
is  present  some  of  it  always  remains  in  solution,  while  if  there  is  much 
alumina,  it  is  almost  impossible  to  wash  out  the  chromate  from  the 
bulky  precipitate  with  the  cold  solution  of  NaHGOa,  which  must  be 
used.    It  must  also  be  noted  in  this  connection  that  a  solution  of  iron 

1  Bull.  27,  U.  S.  Geol.  Surv..  p.  16,  et  seq. 
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and  chrominm,  prepared  by  ibe  Banbifcny  method,  waif  made  aminonla- 
cal,  and  it  was  proved  that  while  all  of  the  iron  was  preeipitatedf  thin 
precipitate,  eyen  after  the  most  oarefiil  washing  with  hot  water,  eon- 
taiDedchromiom. 

Although  the  nomber  of  details  in  this  process  may  seem  very  great, 
experience  has  shown  that  none  of  them  can  be  safely  neglected  fbr 
the  purpose  of  shortening  the  work ;  if  the  whole  process  is  eareftilly 
followed  out,  the  results  are  very  satisfaotoiy,  as  shown  by  the  follow- 
ing tests  on  a  typical  magnesian  roek: 


OfA. 

TlQi. 

B«0. 

PA 

ir©.i 

O.I70 
«.SB6 
0.817 
A.S80 

0.40 
OlSO 
81 40 

0LO4O 
0.000 
0.08B 

IVreml. 
0.878 
0.806 

H*.t 

No.1 

2T0.4.... 

AT«nflB 

0.188 

0.U 

0.010 

0.880 

The  use  of  niter  for  the  fhsions  is  not  absolutely  necessary,  though 
one  is  more  sure  of  complete  oxidation.  In  the  analysis  of  chrome  ores, 
the  best  results  have  been  obtuned  by  fusing  the  finely  pulverised  ore 
with  sodium  carbonate  alone,  but  keeping  it  in  dear  fhsion  for  an  hour. 
The  fused  mass  is  treated  like  an  ordinary  silicate  ftision,  the  silica,  after 
weighing,  being  volatilised  by  HFI,  and  the  residue,  usually  small, 
again  fused  with  KssOOa.  This  second  ftision  gives  a  clear  solution 
inHCL 
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STONY  METEORITE  FROM  TEXAS. 

The  meteorite  which  formR  the  subject  of  this  article  was  fonnd  in 
Travis  County,  Texas,  and  brou^jht  to  notice  by  Prof.  E.  T.  Hill,  of  th© 
University  of  Texas,  who  presented  the  piece  first  obtained  by  him  to 
the  National  Museum.  This  piece,  of  an  irregular  shape  and  weighing 
about  2^  kilograms,  is  supposed  to  be  but  a  fragment  of  a  much  larger 
mass  which  Prof.  Hill  expects  to  obtain. 

It  has  a  superficial  coating  of  a  yellowish  brown  color  where  it  has 
been  subject  to  weathering,  but  on  a  fractured,  unaltered  surface  it  is 
dull  black  with  a  slight  grayish  tinge.  It  is  hard,  compact,  and  very 
tough ;  to  the  unaided  eye  the  stony  mass  is  very  uniform  in  structure, 
and  none  of  the  composing  silicates  can  be  distinguished,  but  troilite 
can  be  plainly  seen  scattered  throughout  it,  and  on  a  ground  and  pol- 
ished surface  the  metallic  particles  are  also  visible.  Under  the  micro- 
scoi>e,  (for  which  information  I  am  indebted  to  Mr.  Whitman  Cross,) 
the  stony  portion  seems  to  cohsist  chiefly  of  olivine  and  enstatite,  with 
a  small  quantity  of  a  colorless  mineral  which  is  probably  a  feldspar; 
as  will  be  seen  later,  the  analytical  results  also  indicate  the  presence 
of  a  feldspar,  while  chromite  also  was  found  unmistakably. 

The  mass  has  a  specific  gravity  of  3*543  at  30^,  and  its  analysis  as  a 
whole  is  as  follows : 

8i02 44-75 

Al.Oi 2-72 

Cr,0:, -52 

Cu tr. 

FcO 1C)04 

Fo 1-83 

NiO -52 

Ni -22 

Co 01 

MiiO tr. 

CaO 2-23 

Dl 
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MgO , 27-93 

KjO -13 

Na^O J 1-13 

P«05 : .41 

S 1-83 

H,0 i ., '84 

lOMl 
Less  O  for  S •« 


100*19 


From  some  of  the  finely  powdered  material  the  metallic  portion  was 
extracted  by  the  aid  of  an  electromagnet,  and  as  slight  amounts  of  tro- 
ilite  and  the  silicates  remained  attached,  this  was  then  treated  with  a 
neutral  solution  of  copper  solphate  and  the  solution  analyzed.  This 
gave  the  metallic  part  as  constituting  2-23  per  cent  of  the  mass,  with 
the  following  composition,  calculated  to  100  per  cent: 

Fe 88-74 

Ni lo-es 

Co -58 


100-00 


The  residue  from  which  the  metallic  portion  had  been  removed  was 
then  digested  with  dilute  hydrochloric  acid;  this  dissolved  the  troilite 
and  olivine,  and  this  soluble  and  insoluble  portions  were  then  separated 
and  analyzed  in  the  usual  manner.  The  sulphur  prdsent  was  calcniated 
as  troilite,  with  the  formula  FeS,  and  has  been  deducted  in  stating  the 
analysis  of  the  soluble  portion : 


Soluble  in  HCL    (Troilite  deductod.) 


SIO,  . 

A1»0, 

Cr^Oa 

FeO- 

NIC. 

CftO  .. 

M-O.. 

K,0  .. 

Xa»0 


Analysis. 


16-67 
106 


8-12 

•49 

•42 

15-34 

nndet. 

Tindet. 


41-10 


CalculaUnl 

to  100 

per  coot. 


3813 
2-58 


19-76 
1-19 
1-02 

37-32 


100*00 


Molona* 
lor  ratios. 


•630 
•025 


•274 
•016 
•018 
•933 


Insoltiblo  in  1IC1. 


Aual^'sis. 


30-36 

202 

•54 

4-95 


1-94 

13"22 

•10 

•95 


64-08 


Cn]rnlHt«d 

tolOU 
per  cent. 

5614 
3-73 
100 
9-15 


3-50 

24-44 

•19 

1-70 


lOO^OO 


IMoleon- 
lar  rutiort. 


•936 
•036 
•007 
-127 


•064 
•611 
-002 
-02>< 


In  the  solnble  portion  the  ratio  of  the  RO  group  to  the  Si02  is  as 
close  to  that  of  olivine  as  could  be  expected  in  work  of  this  kind.  The 
insoluble  portion,  after  removing  the  OrjOa  and  a  proportional  amount 
of  FeO  to  form  chromite,  gives  these  ratios: 


EG 
•825 


AI2O3 
•036 


SiO, 
•936, 
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which  seem  to  bear  no  definite  relations  to  each  other.  It  is  noticeable, 
however,  that  the  AI2O3  and  alkalies  present  are  nearly  in  the  propor- 
tion required  for  a  feldspar^  and  if  one  of  the  oligoclase  type  were  pres- 
ent in  proportion  to  this  A^Os,  it  wonld  have  these  molecular  values : 

EO  :  AI2O3  :  4j  SiO, 
•036  :    -036    :     -162; 

assuming  this  to  be  the  case,  and  deducting  this  amount  of  feldspar,  it 
would  leave 

RO  :  SiO, 
•789  :  -774, 

which  corresponds  closely  to  enstatite. 

By  calculating  the  soluble  and  insoluble  parts  as  having  been  deter- 
mined on  the  original  material  minus  the  metallic  portion  and  water, 
and  taking  all  the  sulphur  as  representing  troilite  (FeS),  the  general 
composition  of  the  meteorite  is  shown  to  be 

MetaUic JJ-23 

Troilite...   503 

Solnblo  ill  acids 39*84 

Insoluble  in  acids 52*42 

99-52 
METEORIC  IRON  FROM  NORTH  CAROLINA.* 

The  iron  here  described  was  found  in  the  latter  part  of  1880  on  a  farm 
near  Ellenboro',  Eutherford  County,  North  Carolina,  and  its  nature  re- 
mained unknown  until  February,  1890, when  it  was  brought  for  examina- 
tion to  Mr.  Stuart  W.  Cramer,  of  the  United  States  assay  office  at  Char- 
lotte.  North  Carolina,  who  ascertained  that  it  was  a  meteorite  and 
obtiiined  half  of  the  mass.  This  portion  was  sent  by  Mr.  Cramer  to 
the  U.  S.  National  Museum  for  description,  and  the  iron  was  cut  and 
divided  between  the  Museuui  collection  and  that  of  the  assay  office. 

The  weight  of  the  original  mass,  as  near  as  can  be  determined,  was 
about  2,200  grammes ;  in  shape  it  was  roughly  two  globular  ends  with 
a  connecting  bar  the  total  length  being  about  150mm.,  with  end  of 
diameters  of  75mm.,  and  50  mm.  in  the  middle. 

The  iron  is  very  tough  and  highly  crystalline ;  the  Widmanstatten 
figures  show  distinctly  on  a  polished,  unetched  face,  and  after  etching 
they  are  unusually  strong.  Small,  irregularly  distributed  patches  of 
troilite  are  visible,  and  schreibersite  also  seems  to  be  present.  On 
account  of  the  small  amount  of  material  that  could  be  obtained  for 
analysis  no  attempt  was  made  to  determine  carbon,  and  the  sulphur 
found  shows  that  very  little  troilite  happened  to  be  included  in  the 
material  analyzed,  which,  of  course,  in  such  highly  crystalline  material 
could  not  represent  the  actual  average  composition  without  cutting 
up  a  large  part  of  the  mass. 

1  Am  Joar.  Sci.,  May,  1800,  vol.  39. 
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The  analysis  is  as  follows : 

Fe 1 : 88*05 

Ni 1 10«37 

Co J *..! -68 

Cu -04 

P -81 

S -08 

Si ; •08 


99*45 


?ALLASITB  FBOH  KANSAfi. 

This  is  one  of  a  gnmp  of  meteorites  found  in  Brenham  township, 
Kiowa  Ooanty,  Kansas,  and  folly  described  by  Mr.  G.  F.  Knnz  in 
Science,  vol.  15,  "So.  3M,  and  American  Jonmal  of  Science,  vol.  40,  Octo- 
ber, 1890. 

First  plowed  np  by  the  ihrmers  some  years  ago,  it  was  not  nntil 
March,  1890,  that  their  meteoric  natnre  was  discovered;  there  are  now 
known  to  be  abont  twenty  in  all,  with  an  aggregate  weight  of  2,000 
poauds,  and  ranging  individoally  from  466  ponnds  to  1  ounce. 

There  are  two  distinct  groups ;  one  jot  the  more  common  nickeliferons 
irons  of  highly  crystalline  structure,  the  other  of  the  form  known  as 
pallasite,  a  meteoric  iron  containing  olivine.  It  is  one  of  the  latter 
group  that  forms  the  subject  of  this  article.  In  it  the  olivine  scattered 
throughout  the  iron  is  roughly  in  two  zones,  an  inner  one  of  clear,  bril- 
liant material ;  and  an  outer  one  which  is  very  dark,  almost  black  in 
places,  cousisting,  as  was  shown  by  the  analysis  and  microscopical  ex- 
amination, of  an  intimate  mixture  of  olivine  and  troilite. 

In  procuring  material  for  the  analysis  of  the  olivine,  transparent 
clear  yellow  crystals  or  fragments  were  carefully  picked  out,  and  for 
the  dark  zone  care  was  taken  to  get  as  uniform  material  as  possible. 
In  addition  to  being  in  the  dark  olivine  zoue,  troilite  is  scattered 
throughout  the  metallic  iron,  the  iron  on  etching  showing  the  Widman- 
stlitten  figures.  The  specific  gi-avity  of  the  iron  free  from  olivine  is 
7-93  at  23-40  C,  and  of  the  pure  olivine  3376  at  L>3-2o  O.  The  analyses 
are  as  follows 


Dark  outer  zooo. 


40-70  :  Siih  . 

FoO. 

18  I  NiO.. 

10-79  I  CoO  . 

MdO. 

MgO. 


LoasOforS. 


34  14 

23-20 

tr. 

•03 

•09 

4019 

;V42 
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METEOBIO  IRON  FBOM  TEXAS. 

This  iron  was  received  from  Mr.  E.  E.  Howell,  who  has  published 
a  descriptioa  of  it  and  the  one  following  (from  Paqaios,  Ohili)  in  the 
American  Jonrnal  of  Science,  vol.  40,  September,  1890.  It  was  found 
in  Hamilton  County,  Texas,  although  first  credited  to  Erath  County, 
of  that  State. 

Its  original  weight  was  about  81^  kilos,  and  its  greatest  dimensions 
44  by  33  centimetres.  A  polished  face  of  this  iron  plainly  shows  the 
crystalline  structure,  and  on  etching  the  Widmanstatten  figures  are  of 
unusual  beauty. 

It  has  a  specific  gravity  of  7*95  at  27^  C.  and  furnished  the  follow- 
ing analysis: 

Fe 86-54 

Ni 12-77 

Co -63 

Ca •O'^ 

P 16 

S -03 

C 11 

100-26 
HETEOBIO  IRON  FBOM  OHILI. 

This  meteorite  was  found  near  Puquios,  probably  about  1885,  and 
kept  in  Chili  until  1889,  when  it  came  into  the  possession  of  Prof. 
H.  A.  Ward.  Its  weight  was  about  6^  kilos,  and  its  greatest  dimen- 
sions 25.}  by  14  centimetres.  The  most  noticeable  feature  of  this  iron 
is  the  faulting  phenomenon,  which  is  shown  on  the  etched  sections, 
and  is  fully  described  by  Mr.  Howell  in  the  article  referred  to.  Spe- 
cific gravity,  7-93  at  25-2o  C.    Analysis : 

Fe 88-67 

Ni l)'83 

Co •     -71 

Cu 04 

P A 17 

S 09 

Si tr.  (?) 

C 04 

99-55 
CnONDRODITE  FBOM  IOWA. 

An  account  of  this  meteorite  is  given  in  detail  in  the  American  Journal 
of  Science,  vol.  40,  October,  1890,  in  an  article  by  Mr.  G.  F.  Kunz,  who 
furnished  the  material  on  which  this  analysis  was  made.  It  fell  on  May 
2,  1890,  in  Winnebago  County,  Iowa,  the  various  fragments  being  scat- 
tered over  a  considerable  area,  while  a  part  of  the  mass  is  believed  to 
have  passed  over  into  Minnesota.    The  stone  is  somewhat  porous,  and 


.  I 
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on  a  fractared  BurfiMie  ia  spotted  ghiy  in  coIoTi  showiDg  yisiUe  partides 
of  iron  and  of  troilito. 

The  speciflc  gravity  of  the  mass  is  3.804  at  26JP  O.,  ind  im  aoalyris 
it  yielded  these  results : 


ApprozlnittU  oompotltioB  of  the  maw. 

▲aatjAii  of  fhe  BtolnlUbiMis  liM. 

NickellflBiiNU  Iran M-M 

Vb ,,,  iMi 

Trolltta - frit 

HI m 

SilfoAtM  ■olable  la  HCS S6-0C 

8ili<MUMillMlulll«iBH01 ^->7 

Go -m 

P ,,.,      tr. 

MLtt 

AntU^tU  o/A»  Momu9p9rUtm,  with  all  magu$Ue  exttmoMU 


Sol  aide  in  BGL 


SiO,. 
FoO. 
NiO. 
MnO 
C»0. 

ligO 
Alk. 
S.... 
P.... 


OforS 


a) 


n-tt 

•17 


•SI 

Ifrtt 

tnce. 
trace. 


O) 


i7*a 

8-80 
•17 


18-18 


trace. 


53-52 
1*34 


5218 


44*84 


Oalcolaled 
lolW  per 


(t) 


8^74 
18-48 


4i-77 


100*00 


Xneoloble  la  HGl 


810b . 
AliOb 

IM>.. 
VX).. 
OaO.. 
llj?0. 

K%0 


(4> 


88-48 
8*88 

•U 
.  4*48 


1-48 

11-50 

-07 

1-01 


47*72 


10188  per 
It. 
<8) 


88-81 

•88 


84-08 

-18 
2*12 


100-00 


*  Taking  oat  6.01  F«0  eqairelent  to  4.87  Fe  required  by  S  to  form  FeS. 
t  TekiDfi  oat  S  to  form  FeS. 

Tlie  analyses  numbered  from  1  to  5  were  made  on  the  residue  left 
after  extracting  all  the  magnetic  material.  No.  1 48  the  iK>rtion  soluble 
in  HOI ;.  No.  2,  that  insoluble  in  HGl,  the  two  added  together  giving 
the  analysis  of  the  non-magnetic  portion  as  a  whole.  No.  2  is  the 
same  as  No.  1  after  deducting  the  S  and  a  corresponding  amount  of 
FeO  equivalent  to  the  Fe  necessary  to  form  troilite  with  the  S.  No.  3 
is  No.  2  calculated  to  100  per  cent.  No.  5  is  No.  4  calculated  to  100 
per  cent.  The  Gr^Os  probably  represents  chromite,  and  the  alkalies 
and  alumina  with  a  little  lime  may  come  from  a  soda  lime  feldspar. 

The  method  employed  to  determine  as  closely  as  possible  the  com- 
IK)sition  of  the  mass  of  this  and  similar  meteorites  is  to  extract  every- 
thing  possible  with  an  electro-magnet ;  this  removes  all  the  nickelifer- 
ons  iron  and  a  little  troilite,  leaving  the  siliceous  part  and  most  of  the 
troilite.    The  S  present  in  the  magnetic  portion  and  that  in  the  sUiceooB 
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portion  is  calculated  as  FeS,  and  in  stating  the  analysis  of  the  nickelif- 
erous  iron  the  slight  amount  of  attached  troilite  and  silicates  is  first 
de<lucted.  The  silicates  are  split  np  by  HCl  as  above,  and  from  the 
different  weights  fonnd  the  approximate  composition  is  calculated. 

LLANO  DBL  INGA  METEORITE. 

• 

Fragments  of  this  meteorite  amonnting  to  27  pounds  were  obtained 
by  Prof.  Ward  in  1889,  they  having  been  found  the  previous  year  35 
leagues  southeast  of  Taltal,  Atacama,  Chili,  on  the  Llano  del  Inca. 
Mr.  E.  E.  Uowell  had  described  this  meteorite  in  the  proceedings  of  the 
Bochester  Academy  of  Science,  vol.  1.  It  consists  of  a  mixture  of  iron 
and  stone,  superficially  of  a  dark  brown  color,  the  fresh  polished  surface 
showing  the  iron  scattered  all  through  the  stony  mass. 

Analjfses, 


Approximate  composition  of  the  mae*. 

• 

Analysis  of  the  niokeliferona  iron. 

NiokeliferoQS  iron 25*8 

Fe »-77 

Troilite 10-6 

Silicates  aohible  in  HCl 30-9 

Silicates  inaoliible  in  UCl 32*6 

Ni 9-17 

Co '61 

90-55 

Analyaia  of  the  ttiliceous  portion f  with  all  magnetic  extracted. 


Soluble  in  HCL 


Al^Oa. 
FoO  . . 
NiO., 
&lfiO  . 
CaO . . 
MkO. 

p,o.. 

S 


—  OforS. 


(1) 


11-53 

5-23 

*  28-89 

119 

•08 

3-83 

•81 

93 

t5.08 


57-57 
294 


55^03 


(2) 


Caloalat«d 

to  100  per 

cent. 

(3) 


(4) 

Calcnlsted 

to  100  per 

cent. 

(5) 

2315 

5311 

1-01 

2-32 

•39 

-90 

8-20 

18-82 

•76 

1-75 

1007 

2310 

trace. 

43-58 


10000 


I 


*  Taking  ont  11.43  FeO  equivalent  to  8.89  Fe  required  by  S  to  form  FoS. 
f  Taking  ont  S  to  form  FeS. 
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ON  A  PETROLEUM  FROM  CUBA. 


By  H.  K  Stokes. 


At  Santa  Clara,  Gaba,  there  \s  a  spring  known  as  tlie  Sandalwood 
Spring,  from  which  issues  with  the  water  a  certain  amount  of  petroleum, 
which,  from  its  peculiar  odor,  is  called  ^^saudalina,"  or  sandalwood  oil, 
although  it  more  closely  resembles  the  odor  of  cedar.  The  oil  is  col- 
lected from  the  surface  of  the  water,  and  used  as  illuminating  oil  and 
for  other  purposes  without  being  refined.  About  two  litres  of  this  oil 
were  sent  to  the  laboratory  of  the  U.  S.  Geological  Survey  by  Mr.  C.  W. 
Cuimingham,  and  its  examination  gave  the  results  described  below. 

The  oil,  which  is  about  as  viscous  as  strong  sulphuric  acid,  is  some- 
what turbid  from  suspended  water,  but  when  dried  over  calcium  chlo- 
ride it  is  perfectly  transparent,  amber  colored,  and  shows  the  merest 
trace  of  bluish-green  fluorescence.  Its  odor,  as  above  mentioned,  is 
agreeable,  and  in  no  way  suggestive  of  even  refined  American  petro- 
leums, but  rather  of  cedar  wood.    The  si>ecific  gravity  at  {;  J'^  is  0.901. 

A  single  distillation,  with  simple  distilling  bulb,  gave  the  following 
fractious  in  parts  per  hundred  by  weight: 

rii(ler2r>0    C 3.3 

2:)()-eG()^ ao 

20<V270- 11.2 

270-280^ 12. 1 

2^(»-2l>0- ir..6 

200-300    IH.O 

:;o(>-:uo   8.  i  ) 

3U>-330    13.1   ■>  Over  300  .32.8. 

Ki\sidue 11.3  ) 

The  most  noticeable  feature  of  this  table  is  the  small  amount  boilinjr 
under  L*.")0-  and  over  30(P.  Engler  and  Levin*  give  a  similar  table  for 
nine  petroleums  from  different  sources,  none  of  which  shows  a  similar 
composition.  The  first  frac'tion  passed  over  entirely  between  230^  and 
250^,  only  a  slight  escape  of  gas  being  noticed  below  this  point.  The 
absence  of  volatile  constituents  is  perhaps  due  in  part  to  evaporation 
before  collecting,  but  this  does  not  e.\phiin  the  small  amount  of  high 
boiling  portions.     The  fractions  under  200^  were  colorless,  and  those 

'Dlnul.  Polyt.  Jour.,  1886,  vol.  261,  p.  32.    Post,  Chcm.-techn.  Anal..  2te  Aufl..  vol.  I,  p.  2«7. 
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frotD  250^  to  27(P  possessed  a  pecnliar  campbor-like  taste,  but  the  cbar- 
acteristic  odor  whs  eulirely  lacking  in  the  distillates.  The  reHidne 
boiling  above  330^  was  dark,  oily,  and  opaqae«and  when  hot  had  a  very 
irritating  odor.  The  specific  gravity  of  the  fraction  under  25(P  at 
|}o  was  0.855,  and  that  of  the  residue  boiling  above  33(P  was  O.^I. 

The  absence  of  sulphur  componnds  was  to  be  inferred  from  the  ab- 
fience  of  disiigroeable  odor,  which  was  confirmed  by  boiling  a  long  time 
with  metallic  sodium  and  treating  the  product  with  sodium  nitroprus- 
side,^  whereby  not  the  slightest  trace  of  a  sulphur  reaction  could  be 
obtained. 

The  carefully  dried  oil  contains  little  but  hydrocarbons;  as  shown  by 
the  elementary  analysis : 


I. 

II. 

c 

86.90 
12.75 

86.64 
12.48 

H 

This  leaves  a  margin  of  only  0.6  per  cent  for  oxygen,  nitrogen,  and 
other  substances*  Shaking  ont  with  alkali,  iicidifying  the  latter,  and 
extracting  with  ether  gave  the  merest  traces  of  residue^  from  which 
the  absence  of  phenols  and  acids  follows. 

The  fraction  boiling  under  250^  gave — 

C  86.76. 

H  13.05. 

The  classes  of  hydrocarbons  thus  far  recognized  in  petroleum  arc, 
as  is  well  known : 

1.  Paraffins  J  GuU2n  +  2^ 

2.  Olefins^  C„Il2„,  and  still  more  nnsaturatcd  fatty  hydrocarbons. 

3.  Aromatic  hydrocarbons, 

4.  NaphthencHj  C^Ujin  which,  so  far  as  their  structure  is  under- 
stooil,  are  perhydrides  of  aromatic  hydrocarbons,  or  hexamethyhiie 
derivatives,  with  hydrocarbons  containing  more  carbon,*  but  showing 
the  same  general  proi)erties,  and  probably  related  to  the  naphthenes 
CuH2n,  as  naphthalene,  diphenyl,  etc.,  to  benzole;  that  is,  containing 
several  single  or  double  hexamethylene  rings. 

With  the  small  amount  of  oil  at  my  disposal  it  was  impossible  to 
attempt  to  isolate  any  hydrocarbon  in  a  pure  state  by  fractioning,  and  I 
had  to  satisfy  myself  with  pfeneral  reactions  indicating  the  presence  or 
absence  of  the  different  groups.  In  fact,  a  high  boiling  petroleum  like 
sandalina  would  contain  so  many  closely  allied  bodies  of  nearly  identi- 
cal lK)iling  points,  that  their  separation  would  be  at  best  an  extremely 
tedious  and  difiicult  operation,  especially  as  so  little  is  known  of  the 
nature  of  petroleum  hydrocarbons  boiling  over  250^. 

»  Vohl,  Dinal.  Polyt.  Joarn  ,  vol.  210,  p.  47. 
'ICarkownikofl,  Liobig'a  Annalen,  vol.  234,  p.  116. 
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PARAFFINS. 

The  hi^tier  paraffins,  constituting  par^iffin  wax,  are  apparently  en- 
tirely absiMit  from  sandalina,  as  not  the  slightest  deposit  was  obtained 
by  cooling  iii  a  freezing  mixture,  with  or  without  a<ldition  of  ether, 
either  from  the  oil  itself  or  from  the  residue  boiling  above  330^.  In 
either  case  the  only  result  was  a  slight  increase  of  viscosity.  No 
grounds  could  be  found  for  assuming  the  presence  of  liquid  paraffins; 
lor,  as  shown  below,  the  the  oil  seems  to  be  entirely  destroyed  by  con- 
tinued action  of  fuming  sulphuric  acid,  no  residue  being  obtained 
which  shows  greater  resistance  towards  this  reagent  than  the  oil  itself. 

UNSATURATED  FATTY  HYDROCARBONS. 

These  bodies,  which  are  found  in  greater  or  less  quantity  in  most 
petroleums,  are  almost  entirely  absent  from  saudalina,  as  shown  by  its 
inertness  toward  bromine,  which  is  so  re<idi1y  absorbed  by  bodies  of 
the  ethylene,  acetylene,  and  similar  series.  Careful  bromine  absorp- 
tions' were  made  with  the  following  results.  The  figures  indicate  the 
weight  of  bromine  absorbed  by  100  grammes  of  oil: 

Fraction  under  250^- 0.ti6 

)i^(P-'Z70'=> '. 0  25 

270--2y0^ 0.87 

2U0^-310<^ 0.72 

3ia^-3:W<^ 1.34 

Residno  above  330O 1.72 

Sandalina,  undistilled 0.80 

AUsorbtion  of  sandalina  calculatiMl    from  absorption   of  the 

fractions 0.  t«3 

For  comparison,  a  sample  of  rollui^d  burning  petroleum  gave  2.Ct), 
an<l  line  wiiite  i)jUcillin  0.53.  lionieiiilKMin«;  that  under  tlie  conditions 
of  the  experiment  bromine  exercises  a  sli;^lit  substitutini,^  action  even 
on  saturatiHl  hydrocarbons,  and  that  the  absorption  found  for  sandalina 
(Corresponds  to  only  1.75  per  cent  of  a  hydrocarbon  C^,,!!.,.,,  and  pro- 
portionally less  of  lower  or  niore  unsaturated  bodies,  it  is  safe  to  say 
that  the  unsaturated  hydrocarbons  do  not  exceed  1  per  cent. 

AROMATIC   IIYDIIOOARBONS. 

A  mixture  of  concentrated  nitric  and  sulphuric  acids  attacks  sandal 
ina  quite  readily,  forming  notable  quantities  of  nitrocompounds,  for 
the  most  part  soluble  in  alkali.  This  Is  not  an  indication  of  the  pres- 
ence of  aromatic  bodies,  as  naphthenes  are  oxidized  by  nitric  acid,  with 
formation  of  small  quantities  of  aromatic  nitro  (!om])ounds.^  Aromatic 
hydrocarbons  are  now  usually  sought  for  by  tirst  separating  the  constit- 
uents as  perfectly  as  possible  by  fractional  distillation,  and  then  treat- 

'  Alien.  Connncrcial  Organ,  Anal.,  2d  vA  .  vol.  L*,  ]».  X\\. 

^Mnrkownikoff.  Liebig'^  Auualeu,  vul.  2'.H.  p.  Ul.     MaikuwuikolT  and  Spa^ly,  Jier.  dcutacli.  chom. 
Gtaill.,  Jalirg.  XX,  p.  1850. 
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in^  each  fraction  separately  with  famiii(;|)alphario  acid,  which  converts  *^ 

the  aromatic  hydrocarbons  into  8nl[>h9ni<^  acUls,  which  are  separated  by 
nieaus  of  their  salts,  only  those  bein^  soni^Iit. whoso  hydrociarbons  boll 
within  the  limits  of  the  fraction.'    Whether  a  .sj9>plionic  acid  thus  ob-  ^ 

tiiined  is  positive  proof  of  the  presence  of  the  aron^atic  hydrocarbon  i, 

rather  than  of  the  corresponding  naphthene  may  bv/<]n^)«tioned,'  but  V 

the  absence  of  the  acid  may  be  repirded  as  proof  of  the  ^ibsei^e  of  the 
aromatic  body.    This  at  least  is  true  of  the  porticms  lH)iliMg  below*  250^ ;  < 

whether  it  applies  to  oils  of  such  high  boiling  range  ns  saudaliuamigii 
be  doubted. 

In  this  case  it  was  not  possible  to  carry  out  a  systematic  fractinning, 
so  I  attempted  to  obtain  only  bodies  having  the  general  characteristics 
of  aromatic  sulphonic  acids,  or  rather,  of  their  salts.  In  two  series  of 
ex]>eriments,  in  which  sandalina  itself  and  the  residue  boiling  above 
3<)(P  were  used,  the  oil  was  first  shaken  out  with  concentrated  sulphuric 
acid,  and  then  repeatedly  with  fresh  portions  of  a  mixture  of  equal  parts  | 

concentrated  sulphuric  acid  and  crystallized  pyrosulphnric  acid,  10 
per  cent  of  the  volume  of  the  oil  being  usetl  ^ach  time.    The  latter  pro-  : 

duced  considerable  rise  of  temperature,  with  evolution  of  sul[)hur  di-  j 

oxide.  As  soon  as  no  further  action  was  observed,  the  black  tarry  acid 
was  drawn  ofl:*  and  the  process  repeated.  The  action  of  the  acid  did 
not  decrease  in  violence  even  after  many  such  operations,  and  in  one 
experiment  nearly  the  whole  of  the  oil  went  into  solution  without  leaving 
a  residue  which  acted  differently  from  tfie  sandalina  itself.  Crystalline 
pyrosulphnric  acid  acted  with  still  greater  violence,  causing  a  rise  of 
temiMTatnre  of  2(P.  The  acids  were  unite<l,  and  after  dilution,  which 
gjive  dark  amoridioua  masses  slowly  dissolving  in  water,  were  neutral- 
ized with  causii<!  potash  or  barium  carbonate,  and  the  sulpho-salts 
sought  for  by  appropriate  means.  Only  in  the  case  of  the  residue  boil- 
ifig  above  IMH)'^  were  obtained  5  grammes  of  a  barium  salt  of  resinous 
appearance,  dissolving  to  a  sirup  in  water  and  totally  destroyed  by  nitric 
acid  with  production  of  barium  anljihate.  It  showed  no  resemblance  to 
the  aromatic  su1])honates,  and  hence,  so  far  as  the  methoil  holds  good 
in  this  e^se,  aromatic  hydrocarbons  are  absent.  What  substances  jiro 
actuall}'  formal  by  the  action  of  the  luiid  was  not  determined,  as  thi*ir 
exceedingly  disagreeable  properties  made  such  an  examination  unde- 
sirable. 

NAPHTHENES. 

Aromatic  bodies  were  further  sought  for  by  oxidizing  sandalina  with 
chromic  acid,  hoping  thus  to  obtain  aromatic  aeids,  whi(*>li  would  nt 
least  indicate  the  presence  of  aromatic  hydrocarbons.  The  result  was 
in  this  case  also  negative,  no  such  acids  being  obtained,  even  after  total 
oxidation  of  the  oil.  Products  of  a  totally  dittVrent  nature  were,  how- 
ever, found,  which  threw  some  light  on  the  nature  of  the  bodies  present. 

>  Mnrkownikotr  Li^l•l•l•^  Aiin.'xirii.  vt»l.  234.  j).  92. 

'  M^rkowuikuli  uud  Spaily,  Ker.  (It-iitHch.  choiu.  GomcU.,  Jiihr;;.  xx,  p.  1853. 
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Chromic  and  glacial  acetie'^kl-attack  sandalina  violently,  forming 
products  of  pecaliar  odojj^  ^}iich  were  not  furtlier  stadled. 

Saudalina  is  attaekd^Vnly  by  strong  chromic  acid  mixtore;  150 
grainiiieH  oil,  bgijod'.willi  300  grammes  potassium  bichromate,  and  450 
li;:rammes  sqlpjGroV^*  acid,  diluted  with  2  volumes  water,  was  scaroely 
affected;^  150 .grammes  sandalina,  400  grammes  bichromate,  and  GOO 
grammes  >trong  sulphuric  acid,  diluted  with  1(  volumes  of  water,  were 
biul^'d*  In  a  flask  admitting  of  the  observation  of  the  escaping  gas, 
:*«.tlie  collection  of  the  distillate,  and  the  replacement  of  the  escaping 
:\  -  water.  From  time  to  time  the  operation  was  interrupted,  the  oil  shaken 
out  with  dilute  alkali,  and  returned  to  the  ilask  with  fresh  oxidizing 
mixture.  After  four  oxidations  the  oil  was  practically  all  destroyed. 
Tiie  characteristic  odor  of  sandalina  was  observable  during  the  whole 
operation.  Tlie  distillate,  which  was  acid,  smelled  strongly  of  acetone, 
which  after  neutralizing  was  distilled  off  and  recognized  by  the  copious 
yield  of  iodoform  with  alkaline  iodine  solution.  The  distillate  yielded 
35  grammes  of  a  potassium  salt,  which  by  appropriate  fractioning  was 
found  to  consist  essentially  of  acetate,  with  traces  of  higher  homo- 
logues.  By  far  the  greater  portion  of  the  acetic  acid  remained  in  the 
oxidizing  mixture.  By  extracting  the  latter  with  ether,  a  small  quan- 
tity of  a  sirupy  acid  was  obtained,  which  deposited  some  cr^'stals. 
Silver  salts  were  prepared  by  fractional  precipitation,  but  analysis  of 
these  gave  no  definite  formula/ and  the  quantity  was  too  small  to  at- 
tempt to  purify  further. 

The  alkaline  solutions  obtained  by  extracting  the  oil  during  oxidation 
were  united  and  acidified,  whereby  a  mixture  of  oily  acidw  separated  J 
It  wii8  puriiied  by  neutralizing,  precipitating  the  lead  salts,  (lisnolving 
these  in  ether,  and  regenerating  the  acids.  Thus  treated,  it  formed  a 
colorless  oil  of  peculiar  odor,  which  a<lhered  very  persistently  to  the- 
person.  It  was  obviously  a  mixture,  and  the  comparatively  small 
quiuitity  did  not  admit  of  separation,  but  its  properties  indicjiited  sulH- 
ciently  to  what  class  of  acids  its  constituents  belonged.  It  dissolved  in 
alkali,  bat  the  solution  was  precipitated  by  excess  of  strong  alkali,  and 
also  by  dilution,  in  case  no  free  alkali  was  present,  whereby  a  solid 
acid  salt  and  free  alkali  were  formed.  The  potassium  salt  I'ornied  a 
mass  of  the  consistency  of  soft  soap,  and  foaming  strongly  with  water. 

The  barium  salt  was  a  sirup,  insoluble  in  water,  difticultly  in  alcohol, 
but  readily  in  ether. 

The  silver  salt  was  white,  amorphous,  and  always  contained  free  acid, 
which  could  be  removed  by  ether,  with  partial  solution  of  the  salt  itself. 

The  lead  salt  was  a  pasty,  amorphous  mass,  completely  fusing  under 
warm  water,  and  very  soluble  in  ether. 

The  ethyl  ester ^  prepared  from  the  silver  salt,  was  an  oily  liquid  of  very 
pleasant  fruity  odor. 

>  Sztraction  with  alkali  proved  the  entire  absence  of  bodioa  uf  acid  nataro  in  the  unoxidizcd  oil. 
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The  acid  (or  rather  mixtare  of  acids)  is  not  acted  on  in  the  slightest  de- 
gree by  bromine,  a  fact  which  distinguishes  it  sharply  from  the  higher 
unsaturated  fatty  acids,  such  as  oleic  acid,  which  it  resembles  in  the 
solubility  of  its  easily  fusible  lead  salts  in  ether.  It  is  easily  oxidized 
by  chromic  acid,  forming  apparently  more  volatile  acids  of  the  same 
nature,  and  acetic  acid. 

The  above  properties  identify  the  acids  in  question  with  the  petroleum 
or  naphthene  acids  found  by  Hell  and  Mediuger^  in  the  alkaline  waste 
from  refining  Wallachian  petroleum.  The  following  acids  of  this  scries 
have  been  isolated : 

CIHuOa^C8^uO2^C»H,6O2^OllH^0,O2^C„H„O2^C,3^24O,^O,5H28OA 

All  these  acids  show  the  same  general  properties  as  those  obtained 
from  sandalina.  Similar  acids  were  obtained  by  Schaal%  who,  for  tech- 
nical purposes,  oxidized  petroleum  with  air  in  presence  of  alkali,  the 
only  statement  regarding  them  being  that  they  resemble  the  oleic  acids. 

The  inertaess  toward  bromine  of  the  acids  of  the  series  CuH2a--203, 
isomeric  with  the  oleic  series,  is  only  explaiuable  on  the  supposition  that 
here,  instead  of  the  '^  double  linkage"  of  carbon  atoms,  we  have  satu- 
rated or  methylene  rings.  From  this  has  been  concluded  that,  as  the 
naphthenes  are  hexami'thylene  derivatives,  so  also  are  the  naphthene 
acids  associated  with  them.  This  conclusion  is  not  entirely  justifiable. 
It  has  been  definitely  proved  of  but  very  few  of  the  naphthenes  that 
they  are  heiamethylene  <lerivative8 ;  it  has  been  proved  of  none  of  the 
naphthene  acids,  and  in  no  case  has  a  proved  hexfimethylene  hydro- 
carbon beea  oxidized  to  a  definite  acid  or  mixture  of  acids  of  the  naph- 
thene series.  It  is  quite  possible  that  some  naphthenes  as  well  as  some 
naphtheue  acids  may  be  tri-,  tetra-,  or  penta-methylene  derivatives.  The 
carbon  skeletons : 

O— C— C— C— 0— 0  0— 0— C— C— O 
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all  give  hydrocarbons  O7  H14  and  acids  C7  H12  O2  which  would  bo  inert 
toward  bronine.  We  know  a  number  of  such  bodies,  and  we  know 
nothing  to  preclude  theirexistence  in  petroleum.  We  may,  however,  in- 
clude them  ill  in  the  same  general  class,  naphthenes^  and  with  this  doti- 
nition  we  aw  justified  in  inferring  the  presence  of  naphthenes  in  sand- 

'  Ber.  (louUcl.  chem.  OeHoU..  Jubr};.  vii,  p.  1210;  Jahrg.  x,  p.  451. 

*  Aschan.  Bo*,  deiitsrh.  chcm.  Gesell.,  IKOO.  Jahrj;.  xxiii,  p.867. 
»  Ibid,  p.  875 

*  MarkowDiloir  and  Ogloblin,  J.  d.  rutts.  phys.  chein.  Oosell.,  1883,  (1)  237,  307;  Ber.  deutsch.  cheuu 
Genell,  Jahrff.  X'l,  pp.  1873,  1878. 

^KriimeraDi  Biittcber.  Brr.  deutncli.  chcm.  Crcsell  .  18H7,  Jahrf;.  xx,  p.  598. 
•1>.  R.  Pat.  :!,706;  Bcr.  deuUch.  cbem.  Gosell.,  1885,  ref.  18,  p.  CSO. 
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nliitnffom  the  pi'etienceofiiaplillietieHciils  among  [tRoxiilntion  ]iro<Iii<rtB. 
Tliotimnlli|u»iitity(>M4iiiifdi8nnCRiirpriHii)i;,  reiiieiubpriiig  tbat  tbearidfi 
are  attacked  by  uliromic  nuid  evBii  niur«  easily  tliaiitlie  h,vdruuarboiiM, 
being  burned  up  to  sun>ti('.  ami  carbuntc  iKidit  aud  walur.  Tlit*  auiouul: 
obtained,  about  5  per  cn^it,  wan  only  that  wUi«h  liai  momeutarily 
escaped  oxidation  by  Hohition  in  the  oil,  at  the  fonr  times  when  the 
operation  was  intiermpted.  By  more  frequent  extractions  with  alkiili, 
and  perhaps  other  inodiliciitioiiii,  it  nii^ht  be  p08«ible  to  gtt  a  much 
larger  yield,  and  snndalina  would  probably  be  tbund  to  cousint  mainly 
of  napbthenes.  Perhiips  similar  osidation  exiierimentH,  made  with 
pure  hydrocarbons  isolated  from  petroleum,  and  with  undoubted  hesa- 
me.tliyl'i'ie  derivatives,  whose  constitution  has  l>een  proved  by  syn- 
thesis or  otherwise,  would  help  to  coaflrm  the  optniou,  nov  rtsaling  on 
a  very  slender  basis,  that  all  naphthenes  and  uaplithene  asldn  ooutain 
saturated  six-attiui  carbon  rings. 

The  couiiMsitiOD  of  saodaliua,  expressed  in  a  fonnnta,0„H,.,4„,  in 
dicates  a  larger  amount  of  carbon  than  is  required  by  C„1J,„.  Tbix 
may  well  be  catisetl  by  Maturated  ring  hydrocarbons  bearing  tlie  same 
relation  to  the  naphthenea  CnlJ,n  as  diplicuyl,  naphthalene,  etc..  have 
to  benzene. 

The  results  obtained  may  be  thus  summed  up.  Sandal  na  is  char- 
acterized by  its  peculiar  odor,  suggesting  ct^dnrwood;  by  the  almost 
tot'al  absence  of  bodies  otlier  thiin  hydrocnrlmns  and  by  tie  coiiijmni- 
tive  absence  of  such  of  these  as  boil  l>elow  :i3(P  and  aboTe  S^IP  C, 
these  beiDg  3-3  and  ll-S  per  oaat,  respectively. 

Paraffln  wax  is  absent,  and  other  paraffins,  if  present,  jtrobably 
ODly  in  subordinate  qnaotity. 

Unsatnrated  fatt^  hydrocarbons  do  not  amonnt  to  more  t'jan  1  per 
cent. 

NaphtheDes  are  present  in  large  quantity,  and  probably  male  np  the 
balk  of  the  oil.     In  this  respect  it  is  allied  to  the  Russian  petroleums. 

Naphtbeoe  or  petroleam  acids  are  formed  and  may  be  su;tHrated  in 
notable  quantity  eren  in  a  rapidly  conducted  oxidation  witii  chromic 
aoid.  The  flual  products  of  oxidattoo  are  carbonic  acid,  auetic  acid, 
with  traces  of  higher  bomologues,  and  water.  Small  qiantities  of 
acetone  were  also  obtained. 

July,  1890. 


ON  A  SUPPOSED  MINERAL  RESIN  FROM  LIVINGSTON.  MONTANA.^ 


By  H.  K  Stokes. 


In  the  vicinity  of  Livingston,  Montana,  there  is  fonnd,  coining  from 
the  cracks  of  the  limestone,  iu  masses  ap  to  12  or  15  pounds,  an  amber- 
colored  sabstance  of  resiuoas  appearance.  It  consists  of  irregular  frag- 
ments, very  brittle,  and  easily  powdered.  The  surface,  where  not 
broken,  appears  as  if  fused.  Many  of  the  pieces  have  a  stalactitic  form, 
sometimes  opaque,  with  concentric  rings  of  lighter  and  darker  sub- 
stance, sometimes  quite  transparent,  in  which  case  a  decided  green 
fluorescence  is  observable.  When  cool  it  is  odorless,  but  on  heating  it 
fuses  and  emits  an  odor  suggesting  fresh  cherry-tree  gum.  On  further 
heating,  the  odor  suggests  that  of  burning  Indian  hemp.  The  volumi- 
nons  carbonaceous  residue  burns  away  easily,  leaving  a  nearly  colorless 
ash,  consisting  almost  wholly  of  carbonates.  An  ash  determination 
gave  10'3  per  cent.,  consisting  cbietiy  of  calcium  and  magnesium  car- 
bonates, .with  some  silica,  jthosphoric  acid,  ferric  oxidCj  and  potassium 
and  sodium  carbonates.  It  is  insoluble  in  alcohol,  ether,  and  other 
solvents,  except  water,  which  dissolves  it  easily  and  almost  completely; 
and  on  adding  an  acid  a  resinous  precipitate  is  formed,  but  much  or- 
ganic matter  remains  in  solution.  It  obviously  consists  of  salts  of  the 
above  bases,  with  organic  substances  of  acid  nature,  and  in  part,  at 
least,  of  vegetable  origin. 

The  organic  substance  obtained  by  decomposing  it  with  an  acid  was 
partly  soluble,  partly  insoluble  in  water,  but  almost  entirely  in  alcohol 
and  ether,  and  was  not  acted  on  by  Fehling's  solution  or  phenylhydraz- 
ine  before  or  after  heating.  From  this  may  be  inferred  the  absence  of 
gum  and  of  true  carbohydrates. 

Eighty  grammes  of  the  substance  were  dissolved  in  hot  water,  the 
solution  filtered,  and  barium  acetate  solution  added  until  no  further 
precipitate  formed.  This  was  washed,  heated  with  dilute  hydrochloric 
acid,  and  the  insoluble  residue,  after  washing  with  water,  alcohol,  and 
ether,  dissolved  in  dilute  caustic  potash,  and  the  highly  diluted  solution 
acidified  with  sulphuric  attid.  After  some  time  crystalline  plates  sepa- 
rated, which  were  purified  by  redissolving  in  alkali  and  acidifying. 


'  Sent  for  examination  to  the  Suiitb»onian  iDHtitution  by  J.  C.  Vilaa,  of  Livingstou. 
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Tlie  yield  was  aboat  5  per  eeut.  The  substance  tbas  prepared  formed 
colorless,  transparent,  nearly  rectanf^^ular  plates,  with  serrated  ed^res, 
or  sometimes  crossed  prisms.  On  heating,  it  decomposeil  withont  fus- 
ing, giving  off  white  vapors  and  leaving  a  poroas  coal.  With  sodiam 
and  iron  solution  it  gave  an  intense  reaction  for  nitrogen.  The  potassium 
salt  was  with  difficulty  soluble  in  concentrated  alkaline  solutions,  and 
its  solution  was  precipitated  by  carbonic  acid.  On  evaporation  with 
concentrated  nitric  acid  it  gave  a  reddish  residue,  becoming  violet 
with  ammonia;  on  adding  caustic  potash,  this  changed  to  purple.  The 
last,  the  well  known  mnrexid  reaction,  as  well  as  the  other  pro|)erties, 
indicated  that  the  substance  was  no  other  than  uric  acid.  This  was 
confirmed  by  analysis. 

The  air-dried  substance  lost,  partly  over  sulphuric  acid,  partly  at  lOQo, 
ll'Ol  per  cent  water. 

The  dried  substance  gave : 


Found. 

ReonirfHl  by 
C,^N40, 

c 

86*84 

2-M 

33*39 

35-«7 

2*38 

33*40 

H 

N 

Pure  uric  acid,  dissolved  in  alkali,  diluted  largely  and  acidified,  gave 
crystals  of  exactly  the  same  appearance  as  those  of  the  substance  in 
question. 

It  may  be  well  to  call  attention  to  the  fact  that  uric  acid  is  always 
mentioned  in  the  text  books  as  free  from  crystal  water.  This  is  true 
only  under  certain  conditions.  When  slowly  separated  from  dilute  solu- 
tion it  may  contain  it.  The  water  found  alone  corresponds  approxi- 
mately to  1  mol.  HaO  (calculated  9.G8  per  cent).  In  an  apparently 
forgotten  observation  of  Fritzsche  \  2  mol.  ILO  were  found. 

The  filtrate  from  the  barium  urate  precipitate  was  precipitated  by  an 
excess  of  lead  acetate,  and  the  filtrate  from  this  again  precipitated  by 
basic  lead  acetate.  The  two  precipitates  thus  obtained  showed  such  sim- 
ilar properties  that  the^'  may  be  considered  together.  They  were  decom- 
l>osed  under  alcohol  by  hydrogen  sulphide,  and  the  alcohol  boiled  off, 
with  gr.idual  addition  of  water,  which  caused  the  deposition  of  a  resi- 
nous substance  which  became  very  strongly  electric  when  pulverized. 
^Nitric  acid  oxidized  it  with  formation  of  yellow  nitro  products.  The 
aqueous  solution  from  which  this  had  separated  left  a  vitreous  mass 
on  evaporation,  which  was  largely  soluble  in  water.  By  repeated  ex- 
tractions with  hot  water  this  was  separated  into  a  part  easily  soluble 
and  one  almost  insoluble  in  water,  but  both  soluble  in  alcohol  and  ether, 
and  forming  amorphous  brownish  masses.  The  substance  soluble  in 
water  gave  oxalic  acid  when  oxidized  by  nitric  acid.     Analyses  I  ailed 


iLiebis's  Aiiualou.  vol.  32,  p.  315. 
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to  throw  auy  light  on  the  natnro  of  those  sabstanees.    The  easily  solu- 
ble sabstauce  contained  : 

C 56*88 

H 6-39 

N 2-88 

It  seems  that  these  bodies, which  make  ap  the  balk  of  the  snbstaDoe 
ID  qnestion,  lielong  to  the  chiss  of  hamiis  substances  of  which  so  little 
is  understood  and  the  properties  of  which  rendered  it  useless  to  attempt 
anything  further  with  these.  The  substances,  ftised  with  caustic  potash, 
gave  a  solution  which,  after  acidifying,  was  turned  green  by  ferric 
chloride  antl  red  by  subsequent  addition  of  alkali,  a  reaction  charac- 
teristic of  protocatechuic  ivcid,  a  usual  product  of  the  action  of  fusing 
potash  on  humns  bodies. 

l^he  filtrate  from  the  lead  acetate  precipitates,  after  throwing  down 
the  excess  of  lea<l  with  sulphuric  acid,  was  many  times  shaken  out 
with  ether.  The  ether  left, on  evaporation,  a  transparent  gummy  mass, 
in  which,  after  some  time,  well  defined  crystals  appeared.  On  treat- 
ment with  chloroform  the  amorphous  substance  dissolved,  and  the 
residual  crystals  were  several  times  recrystallized  from  water  with  aid 
of  animal  charcoal.  The  substance,  of  which  only  a  few  decigrammes 
were  obtained,  formed  fine  white  needles,  and  was  strongly  nitroge- 
nous. Haviug  found  uric  acid,  this  body  at  once  suggested  hippuric 
acid.    That  it  was  this  is  shown  by  comparison  of  the  two : 


Body  in  question, 

Needles,  fusing  at  187^ ;  soluble 
with  difficulty  in  cold  water ;  solu- 
ble in  alcohol ;  insoluble  in  chloro- 
form. 

Decomposed  by  strong  hydro- 
chloric acid,  giving  benzoic  acid  ; 
recognized  by  its  fusing  }>oint, 
1210,  and  other  properties,  and  an 
easily  soluble  sweet  body. 

The  remaining  substance,  less  than  0.07  gramme,  gave  the  following 
result  on  combustion : 


Hippuric  acid. 

Needles,  fusing  at  187.6o ;  solu- 
ble with  difiiculty  in  cold  water; 
soluble  in  alcohol;  insoluble  in 
chloroform. 

Decompose<l  by  strong  hy«lro- 
chloric  acid  into  benzoic  acid  and 
glycocoll. 


Found. 

R«*qiilre«1for 
t'^.NOi. 

60.33 

5.0. 

1 

c 

01.73 

5.8H 

H 

The  agreement  is  as  close  as  could  be  expected  with  the  small 
amount  available  for  analysis. 
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-  The  oi'^nrrence  of  two  biiiiIi  oLiirftct*ristii.'nIly  aniirmi  products   aw 
nrioaiitl  liippnric  aciiis,  togttbor  with  Kubstsini^L'H  of  vegetable  origin 
oombiiu'd  with  liinv  unil  niiignesia  and  Ibrmiug  Htalaotitic  exadatiuiiK     t 
Arom  limestone,  is  oaaily  exptaiiieil.     The  ndxml  prmliicta  of  animal  ami      I 
vegBtahle  life  of  aeid  iiatiiro  Roakiiic  tlirnii;;b  the  rock  have  coinbined      ' 
with  limo  and  tnagiieaia,  forming  eai^ily  soluble  nalrfi  which  have  been 
left  on  emerging  by  tlie  evaporation  of  the  water,  forming  this  clciir,      I 
amberlike  substance,  which  shows  uo  ouLwmu  evidence  of  itH  eouue<:- 
tiOD  with  ex  ere  me  11  tal  inateiialti. 
JUJ-Y,  laWL  , 
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PRELIMINARY  NOTE   ON   THE   COEFFICIENTS  OF  THERMAL  EX- 
PANSION OP  CERTAIN  ROCKS. 


By  WILI.IAM  Hallogk. 


The  object  of  the  present  paper  is  to  give  only  an  outline  of  the  aim 
and  progreHs  of  the  investigation  which  is  being  carried  on  in  the  phys- 
ical laboratory  of  the  U.  8.  Geological  Survey  for  the  purpose  of  col- 
lecting data  as  to  the  thermal  expansion  of  all  such  rocks  as  may  be 
interesting  from  a  scientitic  or  an  economic  point  of  view.  Such  an 
undertaking  may  never  be  called  finished,  and  for  this  reason  a  report 
from  time  to  time  may  be  desirable. 

It  is  hoped  that  the  present  investigation  may  be  made  more  com- 
plete than  previous  ones  by  the  addition  of  the  complete  chemical  and 
microscopic  petrographic  analyses  of  each  stone  examined,  such  analyses 
being  made  by  the  corresponding  branches  of  the  Survey. 

As  regards  the  purely  physical  portion  of  the  work  the  point  of  prime 
importance  is  the  determination  of  the  mean  coefficient  of  expansion 
lor  ordinary  ranges  of  temperature.  Of  minor,  but  sufficient,  interest 
is  the  examiuatioii  of  any  peculiarities,  such  as  expansion  differing  in 
difl'ereut  directions  coordinate  to  the  bedding  or  cleavage  planes  of  the 
rocks;  bebavior  dry,  saturated  with  water,  and  in  their  natural  state, 
and  perhaps  other  questions. 

METHODS. 

The  imagined  difUculty  of  obtaining  bars  of  stone  long  enough  and  of 
sufliciently  small  cross  section  for  convenient  examination,  combined 
with  the  existeuce  in  the  National  Museum  of  hundreds  of  cubes  of 
various  stones  which  seemed  available  for  a  determination  of  the 
coefilcient  of  cubical  expansion,  and  the  apparent  simplicity  and  com- 
pactuess  of  the  latter  method,  led  to  the  attempt  to  obtain  at  least 
preliminary  values  of  the  mean  coefficient  by  the  disx)lacemeut  or 
pycuomoter  method. 

With  a  view  to  using  the  4-inch  cubes  collected  by  the  Tenth  Census 
and  stored  in  the  National  Museum  a  cubical  cast  iron  box  was  con- 
structed of  a  similar  design  to  the  cylindrical  one  soon  to  be  described. 
Owing  to  tlie  sharp  corners  and  imperfect  fit  of  the  cover  it  was  i)racti- 
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call;  impoHsibId  to  get  thia  box  air  tiglit  and  perfectly  filled  nith  mer- 
cury.   This  fact,  combined  with  the  experience  that  the  cabes  woald 
necessarily  be  more  or  less  dei^iced  atid  rendered  nnstiitable  for  exhi- 
bition, led  to  the  abandoning  of  the  cubical  and  the  adoption  of  the  cylio-  ' 
drical  form,  preparing  oar  own  samples  from  selected  sonroeB. 


A  vertimi  wctioii  of  this  dctiit;ii  of  pycnoineter  is  civen  in  Fig,  4. 
A'  IK  ii  c.vliuilriiril  lio<£  :i-'J  inches  in  dminvt^sr  and  'i-2  inclies  liigli  iimiile 
ineaisiii-eiii4:iit.  The  w.iiU  iire  0.5  inch  thick  iiml  an-  wristrtictud  with  a 
broa<I  lliinjri^  M  uml  Mlioalilcr  O  at  tlic  top.  The  cover  li  having  a  cor- 
rvsponiliiit;  tliinge  L  anil  Kliouhler  G,  i.s  held  to  tlio  box  by  six  boKs,  an 
shown  at  N.  The  oj^ning  in  the  tubuturc  D  contracts  by  a  conical 
seat  r  to  the  passage  F.  A  cap  C  screws  down  over  II,  witching  tlie 
flange  K,  and  holding  the  tube  I  flnnly  into  its  conical  seat  at  P.  The 
lower  end  of  I  and  its  seat  in  B  at  P,  are  ground  to  a  tit,  as  are  also  the 
coriT  and  box  on  the  ebonlder  G.     A  hole  11  runs  <lowti  into  the  wall 
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of  the  pycnometer,  and  in  it  iB  placed  the  thermometer,  snrroanded  by 
mercnr^'.  This  whole  vessel  is  in  turn  shat  np  in  a  second  iron  box, 
where  it  can  be  maintained  at  certain  constant  temperatnres  by  sar- 
rounding  it  with  vapors,  as  ether,  methyl  and  ethyl  alcohol,  water, 
etc,  with  suitable  appliances  for  establishing  a  continuous  condensa- 
tion of  the  vapor  after  use  and  returning  it  to  the  boiling  reservoir. 
Of  course,  the  thermometer  and  tube  I  extend  through  the  lid  of  the 
vapor  bath,  and  through  the  coating  of  asbestus  felt  with  which  it  is 
surrounded. 

The  method  of  operating  this  apparatus  is  as  follows :  The  cover  B 
is  screwed  on,  the  joint  at  G  being  treated  with  a  little  powdered 
graphite.  The  tube  I  is  connected  to  a  sprengel  pump  by  a  system  of 
tubes  shown  in  tlie  upper  left  corner  of  Fig.  4.  The  pycuometer  is 
evacuated  and  filled  with  dry  air  several  times ;  then  while  a  remains 
closed  it  is  once  more  pumped  out  and  the  valve  b  closed,  whereupon  by 
opening  c  the  mercury  rushes  in  and  fills  the  space  A  completely,  as 
well  as  the  tul)e  I.  The  whole  apparatus  is  then*  put  into  the  bath 
box  and  the  cnp  O  screwe<l  onto  the  top  of  I.  With  a  small  platinuns 
spoon,  mercury  is  filled  into  I  until  it  stands  convex  above  the  top ;  it 
is  then  "  struck''  off  by  pressing  the  plate  R  down  on  top  of  the  tube, 
the  overflow  being  always  caught  in  the  same  little  flask  and  weighed. 
This  operation  may  be  repeated  as  often  as  desired  to  obtain  chock 
readings  at  the  same  temperature,  of  course,  refilling  I  each  time  out 
of  the  weighing  flask.  With  practice  and  care  such  readings  in  ex- 
treme cases  nee4  not  vary  5  milligrammes.  The  tliormonieter  in  the  hole 
II  gives  the  temperature  of  the  materials.  Such  rendings  nre  made 
at  various  temperatures,  and  from  tlio  overflow  of  mercury,  nssumiug 
the  coeflScient  of  mercury  as  known,  it  is  possible  to  calculate  the 
coefficient  of  iron,  since  the  weight  of  the  mercury  gives  us  its  volume. 
In  order  to  determine  the  coefficient  of  any  given  rock,  a  Stimple  is 
preparetl,  which  should,  as  nearly  as  possible,  fill  thepycnometer;  it  is 
placed  in  the  box,  the  cover  bolted  on,  and  the  unoccupied  si>ace  filled 
with  mercury  as  before.  The  remaining  operations  are  identical  with 
those  when  the  pycuometer  contained  only  mercury.  The  volume  of 
the  mercury  surrounding  the  stone,  is  deiluced  from  its  weight,  and 
subtracted  from  the  volume  of  the  pycuometer,  gives  the  volume  of  the 
stone.  Then  knowing  the  coefficient  of  the  mercury  and  iron,  and  the 
volumes  of  the  stone,  iron,  and  mercury,  and  the  apparent  coeflicient 
of  the  stone  and  mercury  in  the  iron,  a  simple  calculation  gives  the 
coefficient  of  expansion  of  the  stone  alone.  The  linear  coefficient  is 
practically  one-third  the  cubical. 

In  order  to  test  the  speed  with  which  the  temperature  penetrated  such 
a  block  of  stone,  and  the  justice  of  assuming  that  a  thermometer  in  H 
gave  with  sufficient  accuracy  the  temperature  of  the  stone,  the  follow- 
ing experiments  were  made:  A  block  of  marble^  cut  to  fit  the  pycuom- 
eter was  bored  axially  to  receive  a  fire-clay  tube,  with  two  small  bores 
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carryiug  one  joint  of  a  thermo-element  whose  other  joint  was  tied  to 
the  thermometer  balb  in  the  mercury  in  IT.  The  aiTangement  of  the 
inner  juncture  will  be  nnderstood  from  Fig.  5.    A  is  the  block  of  stone, 

B  the  clay  tube,  E  the  wires  of  the  thermo- 
element, and  C  their  juncture.  B  is  cemented 
into  A,  and  the  space  around  C  is  flUed  with 
mercury,  whose  temperature  must  iienetrnte 
from  the  sides  of  A.  This  block  was  put  into 
the  pycnometer  and  surrounded  with  mer- 
cury, using  a  special  cover  in  place  of  B,  Fig. 
4.  Electrical  determinations  gave  at  any 
moment  the  difference  in  temperature  be- 
tween the  two  junctures,  1.  e.,  between  the 
thermometer  bulb  and  the  center  of  the  mar- 
ble block.  A  series  of  observations  was 
made,  heating  the  vessel  as  rapidly  as  pos- 
sible in  a  steam  batli.  From  these  data  it 
appears  that  the  difference  in  temperature, 
at  a  given  instant,  inside  the  marble  and  on 
the  thermometer  never  exceeded  KPor  V^"^ 
C,  which  of  course  occurretl  during  the  most 
rapid  portion  of  the  rise  in  temperature.  It 
also  appears  that  during  the  rapid  rise  the 
interior  reached  a  given  temperature  between 
4  and  5  minutes  after  the  thermometer.  Of 
(rourse  this  period  became  longer  as  the  dif- 
lerence  of  teni])eratiire  became  less.  These 
results  convinced  me  that  after  30  to  60  min- 
utes the  thermometer  gave  tlie  temperature  of  the  whole  stone  within  the 
limits  of  other  errors. 

This  method  of  obtaining  the  coefficient  of  cubical  expansion  was 
tried  upon  a  Cockeysville  (Maryland)  marble,  an  obsidian  from  the 
Yellowstone  National  Park,  and  a  Berea  (Oiiio)  sandstone.  The  mer- 
cury  penetrated  tiie  porous  sandstone  to  such  an  extent  that  it  was 
impossible  to  make  any  readings.  In  the  ease  of  the  marble  and  ob- 
sidian  fair  values  were  obtained,  but  there  seemed  to  be  some  uncer- 
tainty as  to  their  behavior,  and  even  with  these  stones  it  seemed  almost 
impossible  to  completely  eliminate  air  and  moisture  from  the  sample, 
either  of  which  vitiated  the  results.  There  seemed  also  a  source  of 
error  arising  from  the  ditrerences  of  *'lit''  of  the  mercury  to  the  stone 
at  high  and  low  temperatures.  In  other  words,  the  mercury  when  hot 
seemed  to  penetrate  more  perfectly  into  the  angular  (cavities  in  the  un- 
even surface  of  the  stone.  These  objections  might  be  overcome,  and  I 
hope  at  some  time  fully  to  investigate  them;  but  they  more  than  eoun- 
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terbalaDced  the  expected  Bimplicity  and  quickness  of  the  method,  and 
led  to  its  temporary  abandonment,  a  step  urged,  too,  by  the  necessary 
limitations  of  the  method  to  the  determination  of  the  coefficient  of 
cubical  (mean)  expansion  of  especially  compact  and  dry  stones. 

It  was  my  desire  from  the  first  to  measure  directly  the  linear  coeffi- 
cient of  at  least  the  most  interesting  specimens,  especially  sets  of  three 
cat  in  directions  coordinate  to  the  bed  plane.  For  this  purpose  a  com- 
parator was  purchased  of  the  Soci6t6  Gtondvoise,  of  the  usual  form  made 
by  them,  with  some  slight  variations.    Fig.  6  may  serve  as  a  dia- 
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Fig.  8.— Comparator  used  in  determining  rock  ezjMiDBioDs. 

gramatic  sketch  of  the  comparator  and  attachments  on  a  vertical  sec- 
tion through  one  microscope.  A  heavy  cast  iron  base  A  is  furnished 
with  a  longitudinal  projection  on  the  back  which  is  planed  true  and 
carries  the  sliding  clamps  B.  Two  upright  posts  D  carry  the  counter- 
poise and  arm  E  through  which  runs  the  microscope  F.  Parts  of  the 
bed  plate  A  are  cut  transversely,  forming  a  track  for  the  car  G ;  these 
tracks  I  extended  by  bolting  on  bars  C  so  that  the  car  could  be  rcmoveil 
at  least  one  and  a  half  feet  from  the  bed  A.  Suitable  guides  and  stops 
insured  the  return  of  the  car  to  its  proper  place  under  the  microscopes. 
This  car  G  carried  the  bath  KK  surroiinded  by  the  box  and  asbestus 
felt  H.  The  bar  to  be  measured  M  rests  on  rollers  L  on  a  T  bar  I  which 
is  furnished  with  screws  for  the  various  necessary  adjustments.  iN*  is  a 
block  of  plate  glass  lying  on  the  divisions  and  extending  above  the 
surface  of  the  water,  thus  always  allowing  a  reading  without  readjust- 
ment of  the  microscoi>e  and  undisturbed  by  dirty  water.  E<acli  of  the 
microscopes  is  furnished  with  Bamsden  micrometer  ocular  and  2-inch 
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objective.  The  oar  and  bath  are  allowed  to  tttand  over  the  bed  plate 
ooly  long  euoagb  for  a  series  of  readings  and  then  removed  and  a 
screen  i>at  up  between  tfaem  so  tbe  temperatnre  of  tlie  bed  remains  in- 
dependent of  the  temperatnre  in  tbe  bath  K. 

The  ocular  micrometer  screws  are  four  threads  to  the  millimeter,  and 
the  bead  is  divided  to  flfty  parts.  The  enlargement  of  the  otyeetives  is 
about  three  times,  hciice  a  whole  division  OD  the  head  =i>irXlxi=aigmru 
on  tbe  bar,  benoe  a  theoretical  accuracy  of  r^js  is  readily  obtainable. 
Two  thermometers  bedded  in  mercnry  and  covered  with  asbeBtoa,  one 
ou  the  bed  over  A,  the  other  against  the  baek  in  the  hollow  opposite 
B,  served  to  give  the  tempenituri!  of  tbe  comparator  which  always  re- 
mained nearly  constant  at  room  temperature.  Two  other  thermometers 
fcavo  tbe  temperature  of  the  bath  KK.  These  thermometers  were  di- 
vided to  i  °  C,  giving  thus  about  ^  °  to  :jV°  ^-  "^he  extremes  of  temper- 
ature were  about  20°  and  100°  0,  thus  the  relative  accuracy  was  about 
^x  Jo  01  aVbir  or  'J-O^  P^  (>ent  as  regards  temperature.  A  brass  bar 
expaudu  for  SU^  O.  about  1,3mm ;  thiti  measured  with  the  micrometer 
accuracy  of  y^mm  gives  a  relative  accuracy  of  0.08  per  cent  as  te- 
gartls  length,  Koaghly,  then,  tbe  tbooretical  limit  of  relative  accuracy 
1b  not  far  from  0.1  i>er  cent.  Of  course  it  wonid  be  less  if  the  bar  ex- 
panded less. 

With  this  apparatus  tlic  coefficient  of  a  standard  brass  bar  was  de- 
termined, as  well  aa  that  of  the  iron  bedplate,  and  of  a  standai'd 
meter  belonging  to  tbe  I'bysical  Laboratory.  It  is  iuteuded  to  check 
many  of  the  relative  determiuatious  by  this  absolute  method,  e»i>eciatly 
where  any  pecoliar  behavior  occurs  in  a  sample,  or  any  oue  to  which 
particular  interest  attaches. 


Fio.  T.— Appamiu  for  ^oiDparisoD 


In  roost  cases  a  relative  method  will  be  employed  and  the  rocks  com- 
pared with  the  standard  brass  bar  above  mentioned.  Fig.  7  is  a  plan 
of  the  apparatus  for  these  relative  determinations.    A  is  the  standard 
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bar  110  ceutimetivsi  long,  and  1.4  centioietreH  square;  B  ik  the 
bur  of  stone  92  centimetres  long  and  about  3  centimetres  square;  D  is 
Uie  statioDary  arm  or  lever  held  in  place  by  the  foot  and  adjusting  screw 
E,  and  damp  F.  The  screw  G,  through  D,  ends  iu  a  bluot  point, 
aiipunst  which  rests  the  glass  plate  I  and  the  bar  B.  The  method  of 
iiMtening  the  levers  D  and  O  to  the  bar  A  is  shown  in  Fig.  S.    In 

the  lever  C  the  screw  G  is  t-he  coun- 

teqiart  of  that  in  D.    The  extensions 

HH  of  C  and  D  carry  the  wire  L  which 

is  furnished  with  a  spiral  spring  in 

the  center,  serving  to  hold  the  lever 

O  snug  against  the  glass  and  bar, 

and  these  in  turn  against  the  glass 

and  screw  in  D.    Thus,  as  the  two 

bars  ex])and  or  contract,  the  lever  G, 

rotating  around  the  center  of  the 

screw  O,  follows  the  relative  changes 

of  length.    In  Fig.  8  the  parts  are 

lettered  as  in  Fig.  7.    The  screw  O 

has  a  60^  point,  N,  as  also  the  up- 

-AT   right,  T;  these  fit  into  center-punch 

.      marks  on  the  bar  A,  so  that  when  T 

J      is  screwed  down  snug  and  clamped 

o  with  the  nut  P,  the  lever  is  firmly  held 

Fio.  8.-Portioii  of  preceding  appumtus.  j^^,^|  ^^^  fj^  ^^  X0\»XA  arOUUd  the  axiS 

of  T  and  O.  The  upi>er  end  of  T  carries  a  head  U,  which  holds  the  mirror 
M.  The  clamp  nut  P  allows  tlie  head  to  be  fastened  in  any  azimuth  on 
T  and  the  screws  and  spring  Q  allow  slight  adjustments  of  the  mirror. 
The  whole  combitiattou  is  hung  in  a  water  bath,  one  end  of  A  being 
rigidly  clamped,  and  its  remaining  parts  rest  on  rollers.  The  stone  bar 
is  swung  on  spiral  springs  l)etweeH  the  screws  G,  and  has  i)erfect  free- 
dom of  motion.  The  upper  part  of  T  projects  above  the  bath  and 
allows  the  reading  of  the  rotation  of  the  mirror  in  the  usual  method 
with  telescope  and  scale.  The  lever  D  carries  a  similar  upright  with 
head  and  mirror  which  furnishes  the  correction  in  case  the  whole 
system  has  moved.  The  long  copper  water  bath  is  heated  by  a  burner 
under  its  whole  length  and  is  protected  on  its  sides  with  asbestos  felt 
When  the  bars  are  in  i)lace,  the  bath  is  covered  with  sheet  lead  and 
many  layers  of  woolen  blanket,  nothing  appearing  above  the  blanket 
but  the  two  mirrors  and  two  thermometers.  Appropriate  inlet  and  out- 
let and  gauge  enable  the  apparatus  to  be  run  for  many  hours  at  any 
given  temperature,  nearly  constant. 

MATEBIALS. 

« 

In  order  to  test  the  apparatus  and  determine  its  capabilities,  as  well 
in  view  of  their  possible  economic  interest|  several  samples  of  com- 
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mercial  stones  were  investigated.    They  also  possessed  the  advantage 
of  being  easily  obtained  in  convenient  shape.    The  local  dealersi  how- 
ever,  could  not  fimiish  samples  three  feet  long  and  one  inch  thick,  less 
than  three  or  fonr  inches  wide.    Consequently  I  rigged  a  saw  in  the 
laboratory  shop  and  each  snch  piece  was  cnt  into  three  available  pieces, 
three  feet  long  and  a  little  over  one  square  inch  section, 
lu  this  way  the  following  samples^  were  cnt  oat  and  determined: 
I.  A  slate  from  the  Lake  Shore  quarry  near  Hydeville,  Vermont.    It 
is  compact  and  fine,  of  a  purplish  color  slightly  mottled  with 
greeit.    Sample  is  cut  parallel  to  the  cleavage. 
II.  A  marble  from  BuUand,  Vermont,  fine  grained,  apparently  cut 
parallel  to  bedding  plane  and  striated  with  seemingly  thin 
strata  of  altematingly  light  and  dark  material. 

III.  A  marble  from  Knoxville,  Tennessee,  rather  fine  grained,  pinkish 

marble  of  the  ^^  Tennessee^  type. 

IV.  A  marble,  ^'Keowa,''  fix>m  the  Happy  Valley  qnarry,  Georgia, 

medium  grained,  pinkish,  mottled,  and  containing  numerous 
masses  rich  in  mica,  verjf  lacking  in  homogeneity. 
V.  A  marble,  "  Creole,"  from  the  Happ^^  valley  Quarry,  (Georgia, 

coarse,  even  grained,  largely  mottled  with  blackish  masses. 
VI.  A  marble,  "  Cherokee,"  from  the  Happy  Valley  quarry,  Georgia, 
very  coarse,  even-grained,  nearly  pure  white. 

As  soon  as  possible  oriented  sections  ^ill  be  cut  from  these  bars,  and 
ground  and  microscopically  examined. 

The  following  analyses  were  made  in  the  chemical  laboratory  of  the 
Survey  by  Mr.  L.  G.  Eakins. 

The  Roman  numerals  heading  the  vertical  columns  designate  the 
corre6iK)nding  sample  above  described. 


111. 


IV. 


v. 


VI. 


Per  cent.  Pr.  cent.  Pr.  cent.Pr.  cent.  Pr.  crni.  Ir.  cent 


*  All  the  miinplcs  were  fnrnished  by  J.  F.  Muunin:;,  WuAbiD;{toii,  X>.  C. 
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Analyses  of  iHsolnhle  parts  of  IT,  F,  and  VI, 


810, 

66-eo 

3116 

213 

2-68 

3-27 

M  preaei 

terminec 

58*21 

7-37 

•81 

12*53 

20*42 

56-48 
15-58 
trace 
14*52 
12*88 

AlwO. 

jreO 

c»o 

MeO 

Alkalif 
de 

Dtnn- 

L 

0503 

08-84 

08*46 

The  coefficients  of  linear  thermal  expansion  of  these  samples  is  j^veii 
below : 

standard  brass  bar 0*00001866 

1 0088 

II 00659 

*00661 
III 00495 

00525 
IV 00348 

00309 

V OHO 

VI 00740 

00786 

00855 

From  an  examination  of  the  above  daplicate  determinations  it  will 
bo  seen  that,  owing  to  the  small  coefficient  of  the  stone  compared  with 
the  brass,  the  absolute  errors  make  a  considerable  relative  error  in  the 
coefficients  of  some  of  the  stones.  In  future  better  results  are  expected 
from  the  improved  state  of  the  apparatus,  and  also  from  absolute  de- 
terminations by  the  comparator  above  described. 

A  peculiar  phenomenon  was  developed  in  the  later  determinations  on 
marbles,  notably  the  Vermont  and  Knoxville  samples.  Being  heated 
for  the  first  time  to  lOO^  O.  and  allowed  to  cool,  they  did  not  contract 
to  their  original  length,  and  the  next  two  or  three  heatings  resulted  in 
continued  but  ever  diminishing  increments  of  length  at  ordinary  tem- 
peratures ;  finally  a  permanent  condition  was  reached,  but  not  until  the 
bar  was  0*2  to  0'3mm  longer  at  ordinary  temperatures  than  originally. 
The  length  at  l(K)o  0.  was  practically  constant  from  the  first.  These 
observations  will  be  further  tested  and  repeated  in  subsequent  investi- 
gations. 

A  series  of  observations  was  made  to  determine  the  relative  length 
of  a  bar  in  its  natural  condition,  dry  and  saturated.  The  Vermont  sec- 
ond sample  was  used.  The  bar  had  been  lying  twenty  days  in  the  lab- 
ratory  when  it  was  placed  in  the  copper  bath,  which  had  been  emptied 
and  carefully  dried.  The  length  of  the  bar  was  accurately  determined 
in  this  condition.  Dishes  containing  concentrated  sulphuri<:  acjd  were 
next  introduced,  and  the  bath  covered  with  glass  and  paraffiue  paper 

*  The  daplicato  values  are  always  from  different  bars  of  the  same  stone. 
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and  fwaled  tight  with  pftnfflne.,  In  this  way  the  bar  wm  ftradoally 
dried  in  a  dry  Btmoapbere.  After  several  days  the  aeU  waa  removkd 
and  the  bath  flllfld  with  water.    The  aoeMnpanybiff  enrre  ahowa  the 
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lengths  reduced  to  the  aame  temperatnre.  From  the  oarre  it  will  \» 
Been  that  the  marble  oontraoted  on  drying,  and  expanded  on  soaking 
fall  of  water,  the  elongation  amounting  to  abont  0.0001. 

Bo  many  qaesttoos  atlll  need  inveatlgating  and  so  many  points  most 
still  be  considered  aa  not  aaffloiently  established,  that  it  seems  best  to 
learo  all  dlaoosfdons  and  speonlationa  until  more  abundant  and  better 
data  are  available. 
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ASTBOPHYLLITB. 

From  El  Paso  County,  Colorado. 

[AxudysiB  by  L.  G.  EakiiM.1 

SiOa 35-23 

TiO, 11-40 

ZrOj 1-21 

Ta^Oft -34 

FejOa 5-61 

AUO3 • trace. 

FeO  27-33 

MiiO 5-52 

CaO -22 

MgO -13 

K,0 5-42 

NaiO 3.63 

HsO 4-18 

100-22 

BROWN  HORNBLENDE. 

From  Pierrepont,  New  York.    Specimen  collected  by  G.  H.  Williams. 

[Analysis  by  T.  M.  Cbatard.] 

• 

HjOat  1100 -06 

HiO  at  re<l  heat 2-41 

SW 66-44 

TiOi 11 

F'iOs trace. 

Al>Ot, - 1-77 

FejOa -84 

FeO -73 

MnO 11 

CaO  11-83 

MrO 22-98 

Na,0 2-13 

KiO -75 

100-15 
119 
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with  the  damorttorite 


A  pale  gram  THietgr,  inttmitely 
from  Olip,  Ariiona. 

sio, ^.....^ asnio 

TiO, : 

AW), : w-si 

Pe.0, -70 

FeO .^..J midet. 

CuO trace. 

F • nooe. 

BaOg.. ..•••• .' ^ none. 

Ign fc '40 


39-91 


Titanic  add  is  present  in  appreciable  amoiiuts,  but  was  not  sepa- 
rated from  alamina.  Th»  mineral  contained  a  few  black,  nou-oiaguetic 
grains  which  may  have  carried  the  titaiiinm. 

LISBSNEBITB  t. 

■ 

A  massive  white  mineral  from  the  Brown  tin  mine,  Rapid  City, 
Sonth  Dakota. 

L Analysed  by  W.  V.  nUlatayid  Hid  E.  Ii.  Howard.    Ltna  aad  mAfseiia  not  looked  for.] 

SiO, 43-08 

AlA 40:J8 

MnO trace. 

KiO 10-20 

NaaO 112 

HaO 4  94 


10005 


KAOLIN. 


A.  From  Garland  Gonnty,  Arkansas,  14  miles  from  Hot  Springs. 

B.  From  Greenville,  Alabama.    Contains  frajjinents  of  quartz,  feld- 
spar, and  mica. 

C.  From  Georgia  side  of  Savannah  lliver,  near  Angusta. 

rAoalyaee  A  (partial)  by  L.  0.  Eakins,  B  by  T.  M.  Chatard.  C  by  U.  N.  Stokea.] 


H,0.. 
SiO,.. 
AltO,. 
Fe,0,. 
MnO. 
CaO.. 
MgO. 
K^.. 
KatO. 


A. 


15- C5 
46-22 
35-20 


B. 


6  78 

C9  84 

19  01 

•90 

trace 

•07 

•28 

2- 14 

-21 


97-07  j  100- 13 


4-16 
76*73 
16-49 

1-81 


Done 
•61 
andet. 
undet. 


98-30 


HtLuaoAnx.] 
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PIORALIiUMOOSim. 

An  alnminnm  salphatoy  Bear  pieraUamogene  in  oompofiitioDy  ftomihe 
vicinity  of  Las  Vegas,  New  M^oo. 


(▲■•lyilt  by  V.  r.  HUliteaiid.) 


MnO. 
MgO. 
NftiO 

H«0. 
SO3.. 


9m 

..^ -06  . 

- s^ 

3I-09' 

w -88 

.- 43W 

^ 37-51 

10015 

BBOOHAVTITE. 

From  the  United  Verde  mine,  Jerome,  Yavapai  Ooantyi  Arizona. 

(CoUeeted  and  MwlyMd  by  W.  r.  HilleteMML) 

CoO 89-45 

PbO -04 

CoO tnM0 

PeaOa -88 

P*Oft traoe 

H,0 W-05 

8O3 16-75 

CO, V -71 

iDBolnblo ••.••••.•• ••• -70 


99-08 


KERA.TOPIIYR  FROM  M^RBLKHEAD  NBOK,  MASSACHUSETTS. 

(Beceived  from  J.  £.  Wolff,  aiMUys«d  by  T.  M.  ChaUnl.    A«  rook;  B,  tepanted  feldspar. ] 


H,Oat  1100...  . 
U«0  at  redneM  . 

810, 

TKM 

PfO. 

Al,0. 

FetO, 

FeO 

MnO 

CaO 

MicO 

K,0 , 

Na«0 


A. 

B. 

•w 

*04 

1*28 

•87 

70-23 

60*08 

•03 

nnd«t. 

•00 

nndet. 

16M 

20-05 

1-90 

trace 

nndet. 

trace 

•u 

•13 

•38 

•07 

•88 

•If 

4-00 

0-08 

4-08 

8-M 

100-42 

100-04 

122 


WASHINGTON  LABOBATOST. 


IBIIM..1II 


WSBSTBBITB  mOX  NOBTH  OABOUNA  AND  XABYLANB. 

Received  ftom  G.  H.  Williamfl.  A,  the  rook  ftom  Weboter,  Voith 
Carolina,  formerly  eappofed  to  be  sazonite.  B,  from  Hebbville^  Macy- 
land.    0,  broQsite  from  B.    D,  diojiaide  from  B« 

( Awdjdi  ▲,  bj  B.  iu  SMiMite)  B,  0,  D^  bj  T.  IL  Ohnted.] 


BIQi., 

no^., 
pyOi. 

AWQi 
MbO.. 

r«o.. 

BIO. 
MgO.. 
CaO., 

Ba^ 
HfO.. 


66*14 


Htt 
•11 


t8 


IM-SB 


1-60 


l"S7 
•44 
•24 

4«M 


lt«t 
I'M 


1M-8S 


a 


64 -61 

nndet 


1-n 

1-10 

•80 

•28 

8-88 


28 -61 
8-86 


1-14 


180-66 


D. 


•18 

tnM 

8-21 

1-28 

•61 

traee 

8-88 


17*78 
88-68 


08-84 


FB^BSPABS  FBOIC  lONNBSOTA  OABBBOS. 

Beceived  from  0.  B.  Van  Hise.  A,  frrom  NW.  i  of  SB.  i  of  Sec  23, 
T.  62  N.,  B.  10.  B,  center  of  Sec.  25,  T.  64  N.,  B.  8.  O,  Dalaili  and 
Iron  Range  Bailroad. 

[AnAlyMa  by  W.  F.  HillebniicL] 


SiO,  .... 
TiO,.... 
A1,0,... 

Fe,Oi... 
FeO.... 
MnO.... 
CaO  .... 
MgO.... 

VAtO... 

Ignition 


58-50 

trace 

90-15 

•47 

•15 


12-82 

•10 

•53 

8-72 

•25 

100 -eo 


B. 


52  •ei 

trace 

20  •SO 

•67 

•23 

trace 

.12  25 

•20 

•53 

3-80 

•20 

100-28 


O. 


63-45 

trace 

29*77 

•33 

•15 


11-33 

•11 

•68 

4-33 

•23 

100-38 


CllATABD.  I 
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EBUPTIYB   BOOK  FROM  MONTANA. 

From  Bear  Creek,  Madison  Gonnty. 

[Collected  by  A.  C.  Peale.  analyzed  by  T.  M.  Chatard.  ] 

HjOatllOo 'Si 

HsOatred  heat 3*50 

SiOs 4913 

TiOs -42 

PiOft -38 

AUO3 9-05 

Cra03 -39 

Fe^Oa 3-57 

FeO 505 

MnO •15 

NiO trace 

BaO 05 

CaO 6-68 

8rO none 

MgO 17-21 

K2O 2-24 

NaaO 201 

99-67 
BOOKS  FBOM  OALIFOBNIA. 

Series  collected  in  sandstone  dikes  of  northern  California,  by  J.  S. 
Diller. 

A.  From  sandstone  vein  on  Salt  Creek. 

B.  Middle  Fork  of  Cottoiiwooil. 

C.  Vein  1 J  miles  l)elow  Quo  Brid^. 

D.  1^  miles  up  Byron  Creek. 

E.  From  Ono. 


[Aoalyaea  by  T.  M.  Chatard.] 


H,OatllOo.... 
11,0  rcMl  boat. . 

CO, 

SIO, 

TiO, 

PfO. 

Al,0, 

Fe,0, 

PeO 

MnO 

CaO 

BaO 

MkO 

K,0 

Na,0 


•78 

1-78 

li-73 

48-13 

•24 

•14 

11  19 

1-25 

1-47 

•29 

16-39 

•04 

222 

117 

229 

100-11 


B. 


113 

2-99 

4.97 

55-85 

•76 

•18 

13-20 

2-56 

4-77 

•24 

6-93 

nndet. 

1-90 

1-89 

2-60 

99-97 


C. 


•46 

3-27 

1036 

4810 

•47 

■13 

12-16 

102 

2-14 

•26 

15^88 

nndet 

1-65 

1-56 

2-46 

99  92 


D. 


•64 
2-83 

72 
67  62 

•48 

•08 

13-63 

1-25 

327 

•15 
2-80 

•03 
234 
111 
2^78 

99*73 


B. 


•55 


68^10 

•35 

•18 

1518 

134 

170 

•20 

4-66 

•06 

2*06 

148 

3^71 

9957 


"i  «  ' 
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Series  ftom  Moniife  Diiibkl. 

A.  Bedshalei  • 

B.  Jasper. 

0.  Brown  shale. 
D.  Bastite. 
B.  Oabbio. 


SV>l|pilllQB 

810k 

PA 

CO, , 

OiA 

AlA 

1^«. ...... 

»W 

BIO 

IbiO ,. 

CaO 

KgO 

VtiO 

V> 


litt 


U-6t 

6-ai 


•40 
-38 

•71 


11 


•4B 


•61 


W-M 


0. 


! 


8^4 

46'« 

17 
4-M 

•i» 
a*4« 

S-78 


•» 
8-11 
4*tt 
8*18 
1-98 


D. 


1848 
86*87 


-86 
710 
17 
•81 
•10 
•14 
4017 
11 


10011 


110 

118 

47-48 

teaoo 


1611 

117 

4*80 

•06 

'41 

,1818 

1018 

116 

tnM 


00-45 


SANDSTONE  FBOIC  ARIZONA. 

A  brown  bailding  stone  from  the  Arizona  Sandstone  Company's 
quarries  at  Flagstaff. 

[AsalyBiB  by  T.  M.  ChaUrd.] 

Insoluble  in  HCl 7915 

Soluble  SiOi : 04 

Als03 1-30 

Fe^Os 2-45 

CaO 7-7« 

MgO -23 

C0« 5-77 

H«OatilO^ -32 

HaO  at  red  heat 2*94 

99-96 

LIMESTONE  FROM  KANSAS. 

A  light-brownish,  fossiliferous  marble  trora  lola. 

lAnalysiB  by  H.  N.  Stokes.] 

CaCO, 97-94 

MgCO, 107 

FeaOs -29 

Sand  and  clay '80 

HaO 04 

100*20 
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FIVB  CHSBOKEB  LIMESTONES. 

Collected  by  W.  P.  Jenney  in  the  lead-zinc  region  of  sonthwest  Mis- 
sonri  and  vicinity. 

A  and  B.  Quarries  near  Seneca,  Newton  Oonnty,  Missonri. 

O  and  D.  From  near  Grand  Falls,  Newton  Connty,  Missonri. 

E.  Qnarr>'  on  Short  Greek,  near  Spriug  Biver,  Oherokee  Coanty, 
Kansas. 

(Analyses  by  L.  O.  Eakins,  tbe  carbonic  aciA  bciuK  foand  by  calcalatlon  from  the  bases.) 


CaO 

MgO 

Al^.... 

FeO 

HnO 

Insoluble 
CO, 


A. 
55-29 

B. 

c. 

D. 

£. 

54-92 

54^ 

55-11 

55^25 

•23 

•ao 

•SI 

•82 

•35 

•11 

•13 

•08 

•13 

•17 

•05 

•07 

•05 

ti«ce 

•20 

trace 

trace 

•93 

trace 

•92 

•66 

1-21. 

1-01 

101 

•82 

43-69 

43-31 

4354 

48-66. 

43  79 

100-03 

99-81 

lOO-OO 

99-28 

10010 

ORES  OF  IRON. 

Series  from  Virginia,  in  or  near  Craig  Connty. 

A.  McCortney  opening,  Mill  Creek,  between  Little  Mountain  and 
Bailey's  Mountain. 

B.  Red  slate  ore,  top  of  Bailey's  Mountain. 

C.  Robinson  mine,  600  feet  above  valley,  near  Houston  Station, 
Shenandoah  Valley  Railroad. 

D.  Grace  Furnace  mine. 


[Analy 

aesby  L.6.Eakins.] 

A.           B. 

C. 

D. 

Fe 

4501 

117 

•39 

•21 

11  54 

18-01 

:)3  31 

•77 

•036 

•18 

8-83 

37-96 

49-52 

•36 

•34 

•14 

10-33 

13-39 

54-45 
•16 
•15 
.28 

1119 
718 

Mn 

P 

S 

n,o 

iDdoIuble 
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Series  from  North  and  Soatk  Oarolina. 

A.  From  Troy,  North  Carolina. 

B.  Marietta,  South  Garoliua. 

C.  Abbeville  County,  South  Carolina. 

[Analyses  by  L.  O.  Eakins.] 


A. 

B. 

C. 

Fe... 

4996 
•02 
•04 
•04 

1525 
7  10 

48U 

•07 
•03 

52-96 

none 

•94 

•05 

Mn 

p 

8 

HiO 

Tn«nlnMA  . .    

932 

4-62 

Series  from  Oeorp:ia  and  Alabama. 

A  and  B.  From  Bartow  County,  Georgia. 

C,  D,  and  E.  Bound  Mountain,  Alabama. 

C.  "Red  Bank." 

D.  "FordTuuneL" 

E.  "  Furnace  Tunnel." 

[Analyses  by  L.  O.  Sakins.) 


A. 

B. 

C. 

D. 

B. 

Fe....  

Mn 

65^73 
uune 
•03 

56-24 

none 

•13 

•14 

12-90 

3-28 

58-34 
•10 
•209 
•043 

55-13 
-16 
•731 
•108 

5856 

noue 

•212 

•079 

P 

s 

HaO 

•19 
463 

Insoluble  ......... 

9^73 

1128 

9-59 

Ore  from  Kentucky.    Entry  No.  3,  Thacker  Ridge,  near  Fitchburg, 
Estill  County : 

[  Amilynis  by  L.  G.  Eakius.] 

SiO. 1 y-41 

Al.Oa 6-45 

FejOa G4-7l)-^15^35   Fo. 

MnO 1-98^   l-o3Mn. 

CaO 3  15 

MgO -46 

H2O 11-70 

PzOft 2-00=    0^87  P. 

SO3 16=     -06  8. 

As uoiio 

Ti........^ - none 

100-10 


ecmnuDEB.] 
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From  Kettle  Island,  branch  of  Straight  Greek,  six  miles  above  Pine- 
ville,  Bell  County,  Kentucky: 

( AnalysiB  by  E.  A.  Sohneider.] 

Fe 46-46 

Mn : -47 

P 1-02 

S -62 

Insolnble 4*37 

Ores  from  Tennessee.    Samples  from  Ddlsam  Hollow,  three  miles  west 
of  Cumberland  Gap,  Claiborne  County : 

lAnalysea  by  E.  A.  Schneider.] 


Fe. 
Mn 


S 

Insolnble 


Top. 

Middle. 

Bottom. 

63-00 

35  &• 

84-60 

•19 

•55 

•21 

•24 

•23 

•40 

none 

•14 

•13 

21-26 

41-53 

1064 

Hematite  nodule.    From  near  Coyote,  Mora  County,  New  Mexico: 

[  AnalysiH  by  £.  L.  Howard.] 

Fe 65-22 

P , trace 

8 -10 

SiOi 2-51 


ORES  OF  MANGANESE. 

From  Virginia. 

A.  Round  Head  tract,  near  Marksville,  Page  County. 

B.  Trotter  property,  southeastern  part  of  AUgnsta  County. 

[Analysis  A  by  £.  A.  Schneider,  B  by  L.  G.  Eakins.] 


A. 

B. 

Mn 

51-46 
294 

14-38 
6-87 
•10 
•760 
•077 

*  62-63 

Fe 

Co 

p 

•28 

a 

SiOs. 
H,0. 

4-17 
407 

*Inioliible 

matter. 
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From  Kentaeky.    Top  of  Cumberland  MoantaiD,  at  Lewis  Gap,  three 
miles  east  of  Gumberlaod  Gap,  Bell  Coanty : 


( AnalysU  by  E.  A.  Schneider.] 


Mu 


59-67 


Fe 113 

P -24 

S ^ uono 

Insolublo 1-63 

From  Tennessee. 

A,  7  miles  south  of  Johnson  City. 

B,  small  ridge  near  Johnson  City. 

[Analyses  by  L.  G.  Bakinn.] 


Mn 

Fe 

Cn 

Co 

P 

S 

Insolnble. 


A. 

B. 

48-51 

3712 

•79 

1.67 

trace. 

trace. 

1-08 

1.26 

•154 

130 

066 

•088 

5*50 

a 

20  40 

From  Bartow  County,  Georgia. 

[  AnalyHCH  by  L.  G.  Eakins.J 
Mn 


44 -HI 
9  51 


Fe 

Co -35 

P 11)6 

S -OHO 

lusoluble 1-65 


TWO   COALS   FROM   WEST   VIRGINIA. 


Near  railroad  from  Grafton  to  IMiilippi,  in  Barbour  County. 

I  AD.ilyseB  by  L.  G.  KnkiDH. ) 


Fixed  C 

Volatile  matter. . 

Moisture 

Ash 


Ash.. 
Coke. 


Top. 
«-07 

Bottom. 

59  06 

:r2 -23 

33-96 

114 

110 

1 

5-88 

100  00 

100.00 

AVbite. 

White. 

Friable. 

FriabUv 
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WATER  FROM  WEBSTBB  aBOYE,  MISSOURI. 

A  spring  10  miles  due  west  from  the  center  of  St.  Lonis. 

[AnAlysls  by  W.  F.  HUlebnnd  and  E.  &  Howard.    Stated  in  parU  p«r  mlllloii.1 

SiOir 26'4 

AlaOg  +  FesOa 2-6 

CaO 135-6 

MgO 21-2 

NasO 20-2 

K,0 1-5 

SOa » 15-4 

CI 110 

NiOa 15-3 

Combined  COj 104-5 

353-7 
L08SO=:C1 2-5 

351-2 

Total  CO. 109-5 

Albumeiioid  NH3 '01 

FreeNUa -08 

BRASS. 

Used  in  standards  of  the  United  States  Burean  of  Weights  and 

Measurefi. 

[AualvKid  by  \V.  F.  Hillehrand.    The  estimatioiu  of  Pb,  Bi,  and  As  are  approziiiiation*  only.] 

On 76-50 

Zd '21-99 

Pb -58 

Bi -iiG 

As -12 

Fe 18 

Sii trace  f 

9i»-63 
Bull.  78 9 


N 


INDEX. 


Pane. 

Astrophylllte 11» 

Bohemian  anmlnUe 7^73 

Bnnchville,  Conneoticat,   aoalyiM    of 

uraninite  ihnn ^ 

Btms,  analysis 129 

Brochantite 120 

BrSgger,  W.  C.,f ami  shea  for  analyses 
specimens    of    brSjsgerite    and 

nranlnlte 44*68,69 

Brdggerita 68,71 

Brncite 82-38 

Brash, ,  acknowledgments  to 48 

Chatard,  Thomas  H.,  paper  on  apparatus  . 
for  determination  of  water  in 

mineral,  analyses 84-86 

paper  on  seperatioo  of  titanium,  ehro- 
mmm,  aluminum,  iron,  barinra, 
and  phosphoric  acid  in  rook  an- 
alyses   87-90 

Chili, analyses  of  meteorites  fh>m 95,07 

Chlorites 19-24 

Chondrodite OS-97 

Chrysotile 16  | 

Clarke,r."W..  papers  by 84-42  ■ 

Clarke,  F.  W.,  and  E.  A.  Schneider,  paper  i 

on  constitution  of  the  natural  »i\\- 
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The  Lassen  Peak,  Volcanic  Ridge,  which  connects  the  northern  end  of  the  Sierra 
Nevada  in  California  with  the  Coast  Range  and  separates  the  upper  portion  of  the 
Sacramento  Valley  from  the  great  interior  basin,  is  composed  chiefly  of  lavas  from 
many  volcanic  eruptions.  The  vents  which  supplied  these  lavas  may  be  roughly 
classified  according  to  size  into  three  groups.  They  are  surmounted  by  volcanic 
cones  of  corresponding  dimensions.  The  smallest  cones  are  the  newest,  most  numer- 
ous, and  most  widely  distributed,  and  to  this  group  belongs  the  Cinder  Cone,  10  miles 
northeast  of  Lassen  Peak. 

It  marks  the  scene  of  one  of  the  very  latest  volcanic  eruptions  in  this  country.  The 
utter  desolation  of  the  place  and  the  apparent  newness  of  the  Cinder  Cone  and  the 
lava  and  ash  field  are  most  surprising. 

The  Cinder  Cone  is  remarkably  regular,  smooth,  and  dark  colored.  It  is  composed 
wholly  of  ejecta.  Rising  with  steep  slopes  to  a  height  of  640  feet  above  its  base,  it 
incloses  a  perfect  crater  240  feet  deep. 

Large  volcanic  bombs  are  thickly  scattered  about  the  base  of  the  Cinder  Cone, 
from  which  the  ash  field  extends  away  in  all  directions  for  a  distance  of  about  8  miles. 
About  a  quarter  of  a  mile  from  the  cone  the  layer  of  volcanic  sand  is  7  feet  thick,  and 
its  lower  portion  is'composed  of  pumiceous  fragments.  As  the  distance  from  the  cone 
increases  the  sand  becomes  thinner  and  finer  until  it  disappears. 

The  lava  field  is  an  extremely  rough,  tabular  pile  of  large,  angular  fragments  of 
lava.  It  terminates  upon  all  sides  in  a  steep,  terrace-like  edge,  averaging  about  100 
feet  in  height.  A  part  of  the  lava  is  covered  with  volcanic  sand  and  separated  from 
the  newest  flow,  which  forms  the  greater  portion  of  the  field,  by  about  10  feet  of  in- 
fusorial earth  deposited  in  Lake  Bid  well,  where  it  extended  farther  south  than  now. 

The  history  of  this  little  volcano  embraces  two  epochs  of  eruption,  strongly  con- 
trasted in  their  phenomena  and  separat<?d  by  a  considerable  interval  of  repose.  The 
first  epoch  was  characterized  bj'  a  violent  explosive  eruption  which  formed  the  Cin- 
der Cone  and  the  ash  field.  Within  the  latter  part  of  this  period  of  violence  some 
lava  was  eft'nsed,  and  this  was  partially  covered  by  succeeding  showers  of  ashes. 
Then  followed  the  lacustrine  period,  after  which  came  the  quiet  efiusive  eruption  of 
the  large  mass  of  rough  lava  that  gave  the  lava  field  its  present  shape  and  volume. 

Judging  from  the  trees  which  have  grown  upon  the  volcanic  sand  near  the  Cinder 
Cono  since  it  was  formed,  the  first  and  violent  eruption  probably  occurred  nearly  a 
hundred  years  before  the  American  Revolution.  The  second  or  effusivi^  eruption  took 
place  at  a  much  later  date,  but  certainly  more  than  50  years  ago. 

The  lava  is  basalt,  one  of  the  commonest  kinds  of  volcanic  rock,  but  it  is  especially 
noteworthy  on  account  of  the  phenocrystic  quartz  which  it  contains.  The  mode  of 
occurrence  and  distribution  of  the  quartz  through  tho  lava  demonstrates  that  it  is 
indigenous  to  the  basalt,  and  that  it  was  formed  at  an  early  stage  of  its  crystalliza- 
]  tion.    This  is  a  characterizing  feature  of  quartz  basalt,  which  is  not  nearly  as  rare 

I  as  was  once  supposed.    Almost  thirty  occurrences  of  it  are  already  known. 
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A  LATE  VOLCANIC  ERUPTION  IN  NORTHERN  CALI- 
FORNIA AND  ITS  PECULIAR  LAVA. 


By  J.  S.  DiLLBB. 


INTRODUCTION. 

The  entire  absence  of  easily  recognized  volcanic  craters  in  the  eastern 
part  of  the  United  States  has  tended  to  create  the  impression  that  in 
volcanoes  this  conntry  is  below  the  average ;  bat  to  dispel  this  notion 
it  is  necessary  only  to  make  a  trip  through  oar  Northwest.  In  Wash- 
ington, Oregon,  California,  Nevada,  and  Idaho  is  the  largest  volcanic 
field  of  the  world.  It  is  very  trae  that  there  are  no  active  craters  like 
Yesuvias,  bat  some  of  the  Western  volcanoes  have  been  so  recently 
eruptive  that  we  can  scarcely  say  they  are  things  of  the  past,  and  there 
is  abundant  evidence  to  show  that  their  internal  fires  are  still  smol- 
dering. 

The  Lassen  Peak  district  in  later  geological  epochs  has  been  the 
scene  of  profound  volcanic  extravasations,  which  resulted  in  its  charac- 
teristic mountain  topography.  Lying  between  the  Sacramento  Valley 
on  the  one  hand  and  the  platform  of  the  Great  Interior  Basin  on  the 
other,  it  joins  the  northern  end  of  the  Sierra  Nevada  to  the  irregular 
mountains  of  the  Klamath  province,  so  intimately  related  to  the  Coast 
Range. 

The  northern  portion  of  the  district  is  traversed  by  the  Pit  River, 
the  modem  representative  of  the  ancient  water  way  which,  during  the 
closing  epoch  of  the  Cretaceous  age,  lay  beneath  the  sea.  Its  topo- 
graphic elements  are  in  general  strongly  contrasted  with  those  of 
neighboring  districts.  The  Sierra  Nevada  and  Coast  Ranges  are  ele- 
vations formed  by  uplifting  the  original  surface  over  large  areas,  but 
the  Lassen  Peak  volcanic  ridge,  which  is  the  most  general  feature  of 
the  district,  resulted  chiefly  from  the  superficial  accumulations  of  ma- 
terial thrown  out  from  within  the  earth  and  piled  up  in  mountain 
masses  about  the  i>oint  of  exit.    The  large  vents  are  represented  by 
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great  cones  lying  in  a  broad  belt,  so  that  their  coalescing  bases  form 
au  irregnlar  ridge  calminating  in  Lasaen  Peak. 

The  volcanic  cones,  of  which  there  are  many  scores  in  the  district, 
may  be  divided  according  to  size  into  three  gronps.  Those  of  the  first 
magnitude  ate  foor  in  namber,  and  most  ancient;  then  follow  those  of 
the  second  magnitude,  in  greater  nomber,  of  later  age,  and  wider  dis- 
tribution ;  finally,  those  of  the  third  magnitnde  are  smallest  and  most 
numerous,  and  have  the  widest  distribation.  The  last  stage  of  erup- 
tive volcanic  action  has  been  manifested  in  these  conies,  and  to  this 
group  belongs  the  Cinder  Cone,  10  miles  Dortbeaat  of  Lassen  Peak,  in 
the  vicinity  of  Snag  Lake. 

The  material  brought  to  the  snr&ce  from  beneath  by  volcanic  action 
to  build  up  new  topographic  features  is  delivered  in  two  different  ways, 
and  botli  may  be  in  progress  at  the  eame  time.  In  the  one  case  the 
matter,  which  is  wholly  fragmeutal,  is  violently  hurled  into  the  air  to 
be  distributed  in  large  part  by  the  winds.  In  the  other  case  the  mat- 
ter riaeM  to  tUe  snrlaco  and  Hows  ont  a  continuous  body,  wUose  distri- 
bution is  controlled  by  the  laws  of  liquids.  Tlie  ejection  gives  rise  to 
a  cinder  cone  about  the  vent,  and  spreads  volcanic  sediments  far  and 
wide  over  the  adjaceut  country,  covering  up  the  slight  irregiilarities 
of  the  iiritiinal  surface  so  as  to  produce  the  flowing  contonra  which 
characterize  ash  fields.  The  effused  material  forms  a  Inva  field,  whose 
features  are  determined  largely  by  the  physical  condition  of  the  lava 
at  the  time  of  its  ernptiou. 

OENBBAL  TTGW  OP  THB  SGBNli. 

From  the  summit  of  La^seu  Peak  looking  northeast  a  ilurk  and  deso- 
late lava  held  and  crater  are  pointed  out  as  "The  Cinder  Cone,"  and 
it  proves  of  sufiQcient  interest  to  receive  during  the  summer  the  occa- 
sional visits  of  those  who  are  iu  search  of  the  new  and  the  marvelous. 
A  better  example  of  its  kind  can  not  be  found  anywhere.  The  nearest 
stage  line  ends  at  Sbingletown,  Shasta  County,  nearly  40  miles  from 
the  scene  of  the  late  eruptiou.  It  may  be  most  comfortably  reached  on 
horscbiick  by  way  of  Deer  Flat  and  the  Hat  Creek  road,  but  a  camping 
outfit  must  be  carried  along,  as  there  is  no  settlement  near  the  place. 
A  much  more  interesting  trip  to  the  same  i)lace  may  be  matle  from  Plu- 
mas County,  going  by  way  of  Morgan's  Springs,  Bnmpaas's  Hades, 
and  Lassen  Peak  and  returning  through  Hot  Spring  Valley.  From  the 
latter  locality  Tartarus  Lake  and  the  geyser  near  Willow  Lake  may 
be  easily  reached. 

Approaching  the  region  the  traveler  first  encounters  a  sprinkling  of 
fine  volcanic  sand  and  small  bits  of  dark  brown  pumice  sjiread  upon 
the  ground.  These  increase  as  he  goes  nearer  until  the  volcanic  sand 
gives  character  to  the  whole  lanilscape,  imparting  a  dull,  dark  hne  to 
the  soft  earth  and  rendering  travel  on  foot  fatiguing.  The  best  general 
view  of  the  scene  is  obtained  from  the  summit  of  Prospect  Peak, 
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miles  northwest  of  tht^  Cinder  Cimo,  Jibove  which  it  rises  over  2,000 
et     (PI.  r.) 

The  lava  field  ties  between  Sang  Liike  on  the  sontb  and  Lake  Bid- 
Bit  on  the  north.  Its  greatest  len  j;th  is  about  3  miles.  When  the  first 
Mr  view  of  the  lava  Uehl  and  Cinder  Cone  ia  obtained  the  impression 
'newness  is  very  Tivid.  One  looks  in  vain  for  steam  rising  from  the 
ster  and  feels  disapjKiint^d  at  seeing  no  visible  signs  of  heat  within 
le  thick  lava  fleW.  Charred  tree  trnnks  apparently  long  ago  dead 
rtest  tbe  scorching  teinperatare  of  the  place  in  recent  times,  but  one 
arches  in  vain  on  tbe  living  trees  for  bits  of  volcanic  sand  from  the 
nption  that  might  have  lodged  in  knot  boles  or  other  places  suited 
<  catch  it  as  it  fell. 

THE    niKDER    CONE. 

The  Cinder  Cone  is  always  the  principal  point  of  interest  on  acconnt 
'ita  novelty  as  well  as  its  importance  and  the  excellent  view  it  afl'ords 
'  the  whole  scene.  From  its  summit  the  eye  ranges  over  the  lava  field 
retching  from  Snag  Lake  to  Lake  Bidnelt,  all  encircled  in  tlit.^  deep 
Ben  pine  forest  which  covers  the  gentle  slopes  of  the  ash  mantled 
Ub. 


A  fine  view  of  the  lava  field  and  Cinder  Cone  with  LiiR.sen  I'eak  in 
e  distance  may  Ite  obtained  on  the  8lui>e  northeast  of  Lnkt^  Bidwell 
'1.  II),  bnt  a  more  comprehensive  idea  of  the  scene  is  conveyed  by  the 
Ddel  from  which  Pigs.  I  and  2  hnve  been  prepmed. 
The  Cinder  Cone  reprejsented  in  PI.  at  is  regular  in  form  with  a  snr- 
JBingly  smooth  dark  snrl'ace  showing  no  traces  of  watex  ways  or 
ber  ibarks  of  the  ravages  of  time.  It  rises  to  an  elevation  of  U-IO  feet 
lOve  the  lowest  ]>oint  of  its  base  (6,!I0<>  feet  above  the  sea)  with  an 
peraffC  diameter  of  2,000  feet  below  and  750  feet  across  the  top.  Its 
)peB  are  as  steep  as  it  is  possible  for  such  loose  volcanic  iii^iti  rial  to 
^ntain  at  rest.  The  angles  of  the  slope  range  from  30°  to  ^T  '  ^xcord- 
K  to  size  of  the  scoria  and  lapilli.  They  slide  down  nndei  one's 
dght,  so  as  to  make  tbe  ascent,  although  but  a  few  hundred  feet,  a 
uior  of  considerable  fatigue. 
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TLe  (lull,  somber  aspect  of  the  smooth,  dark  8lo[>e  is  greatly  relieved 
l)j~  tlic  (ermine  and  orauge-colored  lapitli  upon  tlie  soutb^astem  aide, 
so  tbat  wben  viewed  from  Sntig  Lake  the  cone  presents  the  pleasing 
lineB  of  a  sanset.  The  strangeness  of  the  scene  is  Rrejitly  enhanced  by 
the  aliriost  complete  absence  of  vegetation.  Only  two  nmall  bushee 
cling  upon  the  outer  slopes  to  give  life  to  the  barren  c^ue. 


Tlie  biise  of  tlie  con©  is  encirck>il  by  a  luiHtitude  of  volcanic  bombs  as 
eliown  in  PI.  iv.  These  were  hurled  from  the  crater  and,  falling  upon 
tlie  steep  slopes  of  the  cone,  tumbled  to  its  base  where  they  collected 
in  great  nambers.  Many  of  the  bombs  are  comi>nratively  small,  but  a 
few  attain  a  diameter  of  8  feet.  Tney  are  much  jointed,  often  ratlialty, 
and  are  falling  to  pieces  under  the  influence  of  the  elements.  Kxter- 
nally  they  are  cracked  like  septaria  with  a  more  or  less  ropy  or  pumice- 
ous  surface,  often  very  rough,  within  they  are  dark  and  compact  with 
a  low  degree  of  crystallization.  Boml)S  of  this  sort  with  some  effnsed 
lava  may  form  a  considerable  iwrtion  of  the  lower  part  of  the  cone,  but 
its  chief  mass  is  of  lapilli  ranging  in  size  from  that  of  a  iiea  to  4  or  5 
inches  in  diameter. 

The  summit  of  the  cone  is  a  well  developed  crater,  as  represented  in 
Pis.  T  and  X.  The  pit  has  a  depth  of  240  feet,  with  a  narrow  bottom 
and  partially  slaggy  slopes  so  steep  as  to  be  scaled  with  difficulty.  A 
I>eculiar  feature  is  the  double  character  of  the  crater.  It  has  two  rims 
one  within  the  other  separated  by  a  shallow  moat  which  encircles  the 
great  fnnnel-shaped  depression  in  the  center  (PI.  x). 

The  Cinder  Cone  marks  the  position  of  the  vent  from  which  ita  mate- 
rial was  ejected  and  a  large  mass  of  lava  was  effused.  Only  the  ejected 
material  passed  out  through  the  crater,  for  the  pressnre  of  the  lava 
within  the  cone  bnrst  its  walls  and  issued  from  its  southeastern  sideat 
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an  elevation  of  about  6,350  feet,  forming  an  exoresence  which  marks 
the  path  of  easiest  accent.  The  upper  crust  of  the  lava  tube  which  was 
left  empty  at  the  point  of  egress  when  the  supply  of  lava  ceased  has 
broken  in  and  partly  filled  with  ice,  in  marked  contrast  to  its  igneous 
condition  when  the  volcano  was  active. 


THE  ASH  FIELD. 

The  volcanic  sand  and  fine  lapilli  thrown  out  at  the  time  of  the  erup- 
tion spread  over  a  considerable  area  in  all  directions  from  the  Cinder 
Gone. 

The  southern  border  of  the  ash  field  is  seen  near  Juniper  Lake,  in  the 
vicinity  of  Mount  Harkness,  eight  miles  from  the  cone.  To  the  north- 
east it  extends  nearly  to  Poison  Lake.  In  the  opposite  direction  traces 
of  the  sand  may  be  recognized  in  Hat  Creek  Valley,  but  it  does  not  ex- 
tend quite  to  Lassen  Peak.  To  the  north  and  northwest  it  reaehes  far 
beyond  the  summit  of  the  prominent  mountain  at  the  base  of  which  the 
Cinder  Cone  reposes.  The  outline  of  tKe  field  covered  by  the  volcanic 
sand  is  approximately  cii-oular,  with  a  radius  of  nearly  eight  miles, 
showing  that  at  the  time  of  the  eruption  there  was  no  strong  wind  to 
modify  the  regular  centrifugal  distribution  of  the  sand. 

The  maximum  thickness  of  the  sand  at  the  base  of  the  Cinder  Cone 
could  not  be  definitely  ascertained.  It  is  loose  and  flows  easily  so  that 
a  great  deal  of  excavating  is  required  to  get  through  it  where  the  layer 
has  considerable  magnitude,  and  the  bottom  was  not  reached  by  us  at 
any  point  within  a  quarter  of  a  mile  of  the  base  of  the  cone.  It  is  evi- 
dent, however,  that  its  thickness  rapidly  diminishes  in  all  directions. 

The  following  table  shows  the  thickness  of  the  sand  at  various  dis- 
tances from  the  cone : 

Thickness  of  fragmental  material. 


Dlreotion 
from  cone. 

Di«taDce 
from  cono. 

Thickness 
of  saud. 

Thickness 
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The  sheet  of  fragraental  material  coDsists  of  two  portions.  The  upper 
part  is  properly  called  volcanic  sand ;  the  lower  part,  however,  is  com- 
posed of  small,  light  brown  pamiceous  fragments  ranging  in  size  from 
that  of  a  pea  to  an  inch  in  diameter.  The  fragments  are  very  vesicnlar 
but  still  not  sufficiently  light  to  float  on  water  like  ordinary  pumice. 
They  are  very  rough  and  jagged  with  surfaces  torn  by  the  bursting 
cells  once  filled  with  eruptive  gases.  Some  of  them  were  produced  by 
concussion.  The  pieces  hurled  violently  into  the  air  frequently  struck 
others  aud  all  were  partially  pulverized  as  in  a  great  mill.  This  sort  of 
sediment  is  more  abundant  in  the  volcanic  sand  which  overlies  the  pumi- 
ceous  material  and  was  therefore  ejected  at  a  subsequent  stage  of  the 
eruption.  Many  of  the  sand  grains  are  vesicular,  but  less  so  than  the 
pumiceous  fragments,  and  generally  rounded.  Other  grains  are  angular 
and  composed  of  compact  lava  with  few  vesicular.  They  are  bounded 
by  fracture  surfaces,  and  were  evidently  produced  by  the  violent  con- 
cussion of  larger  fragments. 

The  sand  exhibits  irregular  stratification  due  to  the  assorting  action 
of  the  atmosphere  upon  the  subsiding  particles  during  the  eruption. 
The  thin  layers  are  lenticular  in  shape  and  continuous  for  short  dis* 
tauces  only,  not  as  sharply  defined  as  beds  laid  down  in  water,  but  in- 
dicating a  decided  tendency  to  form  beds  under  unfavorable  conditions. 
This  tendency  is  most  clearly  manifested  a  short  distance  away  from 
the  volcanic  vent  where  the  air  was  not  so  much  disturbed  by  the  vio- 
lent current  expelled  from  the  crater. 

The  selective  influence  of  the  atmosphere  may  be  seen  not  only  in  the 
imperfect  stratification  of  the  sand  as  exhibited  in  a  vertical  section, 
but  also  in  its  distribution  upon  the  surface.  Near  the  cinder  cone  the 
sand  is  coarse  and  the  bed  thick,  but  it  becomes  thinner  and  the  ^  ,nd 
finer  aud  finer  as  the  distance  from  the  cone  increases. 

On  the  borders  of  the  large  circular  field  covered  by  the  sediment 
thrown  out  from  the  crater  the  fine  material  is  sand,  and  there  is  no 
evidence  to  show  that  any  considerable  amount  of  volcanic  dust  or 
material  still  finer  than  the  finest  sand  was  foniied. 

The  almost  complete  absence  of  volcanic  dust  in  this  case  is  surprising 
when  we  consider  the  highly  explosive  character  of  the  eruption,  and 
it  may  be  attributed  in  part,  perhaps,  to  the  viscous  condition  of  the 
magma  at  the  time  of  the  outburst.  Had  the  pumiceous  fragments  in 
the  layer  already  referred  to  contained  sufficient  eruptible  gases  at  the 
time  of  the  ejection  tr  biow  them  to  atoms,  considerable  dust  would 
doubtless  have  resulted. 

The  variety  in  the  fragmental  material  ejected  from  the  volcanic  vent 
is  not  in  size  alone  but  also  in  form  and  structure.  The  larger  frag- 
ments as  well  as  the  smaller  particles  violently  hurled  into  the  atmos- 
phere while  yet  in  a  highly  heated  viscous  condition  show  a  tendency 
to  assume  a  spherical  form.  Their  vesicular  structure  renders  them 
more  brittle,  so  that  in  the  violent  collisions  of  the  ascending  and  de- 
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scending  fragments  many  of  them  were  reduced  to  smaller  pieces  which, 
although  at  first  angular,  may,  as  in  the  sand  blast,  become  rounded 
by  the  frequent  attrition  of  neighboring  parf^  Jes.  In  the  sand  the 
rounded  forms,  both  original  and  abraded,  as  well  as  the  angular  chips 
and  splinters,  are  abundant,  with  many  intermediate  grades. 

The  lapilli  differ  from  the  sand  particles  chiefly  in  size,  but  it  is  true 
in  general,  also,  that  they  are  more  rounded  and  less  vesicular,  while 
the  volcanic  bombs,  which  are  the  largest  fragments,  found  only  at  the 
base  of  the  cinder  cone,  are  all  rounded  and  compact,  excepting  upon 
the  periphery,  where  they  may  be  more  or  less  scoriaceous. 

The  vesicular  covering  of  the  bombs  shows  that  their  form  is  not  due 
to  the  impact  of  neighboring  particles,  but  to  some  earlier  cause.  Some 
of  these  bombs  are  over  8  feet  in  diameter,  and  it  is  difficult  to  believe 
that  they  became  round  and  cool  while  flying  through  the  air,  for  that 
would  postulate  an  unreasonable  rapidity  of  cooling.  That  they  were 
solid  when  they  struck  the  ground  is  evident  because  they  did  not  flat- 
ten as  did  those  ejected  from  the  Mono  Craters  and  many  others.  It 
appears  probable  that  these  large  bombs  were  the  first  part  of  the  lava 
to  solidify,  and  were  suspended  in  the  magma  before  the  eruption, 
when  they  were  hurled  out  of  the  crater  in  their  present  form.  This 
view  of  their  origin  explains  also  their  compact  structure  as  comx)ared 
with  the  vesicular  character  of  the  other  ejected  material. 

THE  LAVA  FIELD. 

The  tabular  form  of  the  lava  field  is  illustrated  in  Figs.  1  and  2.  It 
ends  upon  all  sides  abruptly  like  a  terrace,  frequently  over  a  hundred 
feet  in  height.  Plate  vi  shows  its  termination  at  the  northwest  corner 
of  Snag  Lake.  Notwithstanding  its  general  form,  the  lava  field  is  full 
of  irregular  depressions,  slight  ridges  and  peaks,  which  are  so  extremely 
rough  as  to  defy  adequate  description.  Its  surface  is  composed  of 
sharp,  angular  blocks  of  lava  loosely  piled  together  so  as  to  be  com- 
pletely impassable  to  many  animals.  The  fragmental  character  of  the 
lava  field  resulted  from  its  extreme  viscosity  at  the  time  of  the  eruption. 
The  crust  was  ref)eatedly  broken  up  by  the  friction  and  pressure  of  the 
moving  viscous  mass  beneath  and  shoved  along  as  a  huge  stone  pile. 
Kemuant^  of  broken  lava  tubes  may  yet  be  recognized  here  and  there 
in  the  lava  field,  often  with  hackly,  jagged,  steam-torn  surfaces.    (Pi. 

VIL) 

From  the  base  of  the  cinder  cone  where  the  lava  burst  forth,  by 
means  of  small  ridges  thrown  up  on  the  sides  of  the  lava  stream  in  a 
manner  somewhat  allied  to  that  in  which  a  glacier  piles  up  its  lateral 
moraines,  as  well  as  by  the  direction  of  the  exposed  lava  tunnels  and 
the  flow-curves  moved  along  on  the  surface  of  the  current,  its  course 
can  be  traced  first  to  the  southeast,  then  bearing  rapidly  to  the  east, 
northeast,  aud  north  until  finally  part  of  the  stream  moved  in  a  north- 
westerly direction,  traversing  a  distance  of  not  less  than  3  miles,  and 
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yet  at  last  coming  to  rest  vithio  one  and  a  half  mjlw  of  tbe  vent.  This 
watt  the  route  of  the  latest  flow,  and  its  coarse  was  greatly  modified  by 
the  barriers  formed  of  an  tdder  lava  from  the  same  vent 

A  Urge  part  of  the  area  now  oocnpied  by  the  lava  field  was  once  the 
si  to  of  a  lake,  which,  by  the  eaeroacfaments  of  the  lava,  has  been  redaced 
to  the  present  Lake  Bidwell.  At  the  time  of  the  ernption  the  steam 
generated  below  by  the  hot  lava  coming  in  cootaot  with  the  lake  water 
burst  up  throngh  the  lava  flow,  fonning  miniatare  fragmental  cooes  or 
covering  the  a^iaoeot  portion  of  the  lava  fleld  with  a  thin  sprinkling  of 
vulcituic  sand  or  scoria.  The  best  example  of  a  cose  of  this  sort  is  in 
tlie  Dortbeastem  qnarter  of  the  lava  field. 

Everywhere  in  the  lava  field  one  is  impressed  with  tbc!  idea  that  the 
lava  moved  slowly  and  with  great  difflcnlty,  repeatedly  breaking  its 
crust  and  shoving  along  as  a  great  stouepile,  pre6entiii<;aD  abrupt,  ter- 
race-like front  apon  all  sides.  It  is  a  typical  ezampli^  of  a  lava  Held 
formed  by  the  efl'asion  of  a  viscous  lava  on  gentle  8I(j|>l's.  Ilud  it  been 
highly  liquid  like  many  of  tbe  other  basalts  in  the  Siiiiie  great  volcanic 
field  it  would  have  foand  egress  at  the  oatlet  of  Lake  Bidwell  and 
stretched  out  down  the  little  valley  for  miles  northward. 

Tbe  lava  on  the  whole  is  decidedly  compact  as  conipanid  with  others 
wbicti  are  regarded  as  prominently  vesicular,  and  yoi  in  in»ny  parts  it 
isfullof  smallcavilies.  Tbese  cavities,  however,  are  irregular  in  shaiie 
and  with  but  little  of  tbe  ileose,  often  glassy,  lining  tbat  geuerally  sur- 
rounds tlie  nearly  spheroidal  babbles  or  vesicles  in  liquid  lavas.  Thfc.se 
may  have  been  filled  with  gas  under  high  pressure,  but  of  this  there  is 
little  evidence  to  be  found  in  the  form  or  surronnditii'»  of  tbe  v(>sicles 
themselves.  Perbapstbis  may  be  attributed  to  the  lii^bly  vicious  oou- 
ditiou  of  the  lava  on  account  of  which  it  was  not  susteptible  of  slight 
rearrangements  in  resi>ouse  to  tbe  pressure  of  the  included  gas.  That 
the  cavities  were  actually  filled  with  gas  under  pressure  is  indicated  by 
a  study  of  the  extremely  rough,  hackly  surfaces  of  thu  litva  tubes  which 
wcru  toru  by  the  eructations  of  gas  from  such  cavitie.s,  Tbe  liquidity 
of  lavas  has  beeu  frequently  attributed  to  the  presence  of  water,  and 
perhaps  the  absence  of  a  large  amount  Of  water  in  this  case  will  ex- 
plain its  high  degree  of  viscosity. 

Tliere  is  another  cniieideration,  however,  to  which  attention  mast  be 
given  and  tbat  is  tbe  temperature.  The  temperature  of  lavas  at  tbe 
time  of  their  eruption  can  be  determined  relatively  only  by  studying 
the  efi'e^ts  of  their  heat  upon  tbe  adjacent  rocks,  the  amouut  of  con- 
traction they  have  experienced  in  cooling,  and  their  degree  of  crystalli- 
zation, it  is  geuerally  true  that  the  lavas  which  were  at  the  time  of 
their  eruption  most  liquid  so  as  to  spread  far  and  wide  over  tbe  country 
like  sheets  of  water,  as  is  true  in  niauy  places  in  the  great  volcanic 
region  of  tbe  northwest,  are  most  crystalline,  frequently  bolocrystalline 
and  do  nut  show,  excepting  at  the  upper  surface,  any  evidence  of  the 
presence  of  considerable  water  or  gases  included  in  tbcm.     It  is  most 
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commouly  trae,  also,  that  the  extravasation  of  the  most  liquid  lavas  is 
naatteuded  by  explosive  eruptions  which  are  the  special  manifestations 
of  steam.  It  may  be  possible,  therefore,  that  water  has  less  to  do  than 
is  generally  supposed  in  producing  (1)  the  high  degree  of  liquidity  in 
some  lavas  and  (2)  their  effusion. 

The  holocrystalline  basalts  whioh  at  the  time  of  their  eruption  were 
very  liquid  are  coiuruouly  found  upon  close  examination  to  have  a 
decidedly  culliilar  structuru.  TLu  cells  are  interspaces  left  between 
tlie  crystals  by  uoutraction  in  the  process  of  cooling  and  are  evidence 
that  the  liquid  lavas  ba«l  a  very  high  temperature  when  effused.  Other 
tbingy  beiug  equal  the  hi}>:hcrtbe  t«mperatare  of  the  magma  the  longer 
it  will  take  to  cool  and  tbu  better  it  will  crystallize.  Thus  the  Uqnidity 
and  the  degree  of  crytttalliz:itiou  of  basaltic  lavas  are  proportional  to 
the  temperature  of  their  eru[>tiou.  The  lava  from  the  Cinder  Coue  con- 
tains a  large  proportion  of  amoriilious  matter  and  exhibits  no  traces  of 
cellular  structure  arisiug  from  coutraction  in  the  process  of  cooling. 

As  alrea<Iy  stated  there  were  two  eruptions  at  the  Cinder  Cone.  The 
earlier  lava  is  mantled  by  a  fihuwL'r  of  aand  bnt  the  latter  is  not.  The 
surfaces  of  the  two  lava  Hows  may  t>e  readily  distinguished  in  Pis.  Tm 
and  IX.  'I'Lc  depth  of  the  luvu  varisn  somewhat  in  different  parts  of  the 
field.  It  is  frequently  lutiirh  over  100  feet  and  averages  nearly  that 
amount.  The  relations  of  the  two  lava  flows,  the  mantle  of  sand  by 
which  they  are  ueparated,  and  the  deposits  of  the  ancient  lake  are  illus- 
trated in  the  accompanyiug  sectiou  (Fl.  X), 

ANCIENT   LAKE  BED. 

The  ancient  lake  bed  is  exiioHed  About  the  northern  end  of  the  lava 
field  and  n|iou  tbe  shores  of  Luke  ISidwell,  as  illustrated  on  the  map  (PI. 
XI).  It  cotiuecta  directly  with  tlie  present  bottom  of  Lake  Bidwell  and 
the  evidence  indicates  that  the  lake  in  which  it  was  laid  down  covered  a 
large  part  of  the  arei\  uow  occupied  by  the  lava  field.  There  is  no  vis-- 
ible  evidence  to  show  clearly  where  ite  southern  shore  was,  and  before 
the  eruption  it  may  have  extendoil  nearly  as  far  south  as  Snag  Lake. 

The  bed  is  soft,  white,  and  eai  thy,  composed  chiefly  of  infusorial  earth 
intermingled  with  vegetable  niiittei',  such  as  grows  on  lake  bottoms,  and 
a  small  percentage  of  ticdinuMit^  washed  in  by  little  tributary  streams. 
The  thickness  of  the  lueustrine  de[>osit  is  at  least  10  feet  and  it  is  well 
exposed  at  several  points.  Thai  it  immediately  underlies  the  later  lava 
flow  is  plainly  seen  upou  all  Hi<le.s,  and  that  it  originated  since  the  older 
lava  is  shown  by  the  fact  that  it  n^ts  apon  the  volcanic  sand  which 
covers  the  older  lava.  There  are  several  small  areas  of  the  old  lake  bed 
within  the  nortbeni  portion  of  the  lava  field,  bat  accurate  data  for  their 
location  were  not  obtained. 

To  deterniiue  the  relations  of  the  old  lake  deposit  to  the  sheet  of  vol- 
canic sand  a  trench  was  dug  across  their  jonction  near  the  west  end  of 
BulL  79 :; 
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Lake  Hiilnell  .tDtl  it  tras  found  that  not  less  thaii  10  feet  of  lake  deposit 
rested  u[)Ou  tlie  sand. 

AuutLer  feature  of  interest  associated  with  tbe  preseot  lakes  is  the 
snags  they  cootain.  In  Simg  Lake  (Pis.  xii  and  xiii)  they  were  mice 
abiiiuUut  but  are  now  k>ss  so,  uiany  having  been  blown  down  aiid  floated 
ashore.  A  few  are  found  also  near  the  east  end  of  Lake  Bidwell.  The 
snags  are  evidently  llie  trunks  of  trees  killed  by  having  their  roots  sub- 
merged. Near  both  ejids  of  LakeBidnell  tlie  old  lake  deposits  rise 
above  the  present  level  of  the  lake,  but  at  the  poiut  where  the  snaga  ap- 
[>ear  Lake  Bidwell  has  advanced  upon  the  forest  and  shows  that  the 
shore  of  the  old  lake  was  war|>e(l  so  that  it  docs  not  lie  parallel  to  the 
water  i:>urface  of  the  present  lake. 

Lake  Bidwell  has  a  fi'eo  outlet  and  rises  dtinng  the  raiuy  seoAOn  only 
a  few  feet  above  low-water  mark.  Ou  the  other  Laud,  Suag  Lake  has 
no  free  outlet  and  alt  its  water,  exeei>ting  that  luat  by  eva;iuratioD, 
must  escape  through  the  lava  field.  IJnring  the  rainy  season,  on  ao- 
couut  of  the  barrier  which  the  lava  imposes,  the  water  of  3iiag  Lake 
rises  over  a  dozen  lect.  Upon  its  southwestern  bonier  the  lava  Held 
forms  two  other  small  basius  each  of  whiuh  eoiitjiins  a  lake  in  wet 
weather, 

UISTOEY  OF  THE  EEUPTION. 

The  history  of  this  little  volcano  shows  two  periods  of  activity 
strongly  GODtraaled  in  their  phenomena  and  separated  by  a  cousider- 
able  interval  of  repose.  The  Unit  period  was  characterized  by  violent 
explosive  eruption,  whieh  formed  the  Cinder  Cone  and  the  ash  field, 
and  the  second  by  the  quiet  ed'usion  of  a  large  mass  of  lava. 

The  lirst  eruption  begau  with  the  ejection  of  a  great  deal  of  light 
scoriaceous,  almost  pumiceous  material,  thrown  out  from  the  upper 
part  of  the  magma,  iii  which  was  stored  a  larger  (iroportiou  than  else- 
where of  the  highly  expausible  gases.  When  the  passage  to  the  surface 
was  openeil  and  the  pressure  relieved,  this  portiou  of  the  magma  was 
much  more  highly  dilated  than  any  other.  The  expaDsion  and  disrup- 
tion, however,  were  not  sufficient  to  produce  au  appreciable  amount  of 
volcanic  dust — a  phenomenon  which  wiis  a  prominent  feature  of  the  late 
outburst  at  Krakatoa,  sending  its  dust  waft«d  on  the  winds  for  many 
hundreds  of  miles  away.  Succeeding  the  eruption  of  the  puniiciform 
material,  and  continuous  with  it,  came  the  volcanic  sand,  la|iilli,  scoria, 
and  bombs  from  the  uext  succeediug  lower  portion  of  the  magma,  con- 
taitiiug  a  smaller  amount  of  eruptible  gases,  but  yet  sufficient  to  tear 
it  to  pieces  and  hurl  theui  into  the  air. 

After  the  grejvter  portion  of  the  fragmental  material  had  been  ejectetl 
there  was  an  effnsiou  of  considerable  lava  from  the  hnnu  of  the  Cinder 
Cone,  and  this  effusion  was  accompanied  and  succeeded  by  a  shower 
of  sand  which  formed  a  thin  coating  over  the  lava  already  effused. 
Whether  or  not  the  effusion  of  the  oldest  lava  aud  the  succeeding 
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shower  of  nshcs  beloug  tu  tiie  closiug  stages  of  the  lirst  eruption  is  Dot 
easily  delomtiiied,  I>ut  it  iseertain  that  all  these  preceded  the  long  inter- 
val which  separated  the  period  of  explosive  eruption  from  the  succeed- 
ing one  of  quiet  effusive  activity.  Duriug  this  interval  of  re{)osti  the 
old  lake  beds  of  infusorial  earth  and  vegetable  luatter  vtem  laid  down 
to  &  thickness  of  over  lU  feet,  and  may  represent  a  century  or  more  of 
tima 

This  season  of  volcanic  rest  was  again  broken  by  ihe  warping  of  the 
old  lake  bottom  and  the  slow  efl'usion  of  a  great  volume  of  very  vis- 
cous lava  from  tlie  soutlie-asteru  base  of  the  Cinder  Cone.  The  new 
flow  of  lava  developed  Ihe  tabular  lava  field  filling  the  shallow  valley 
and  forming  the  lava  dam  (Pis.  xti  and  Xlll)  which  gave  birth  to  Snag 
Lake.  A  remarkable  charat^teristic  of  the  eruption  was  the  entire 
absence  of  any  explosion  from  the  craterin  connection  with  the  effusion 
of  so  large  au  amount  of  very  viscous  magma,  es|»ecially  since  the  same 
veQt  at  an  earlier  period  had  been  the  scene  of  violent  ejection. 

AGB  OK  TUK  KttUI'TlON. 

The  whole  aspect  of  the  Cinder  Coue  and  lava  field  is  so  new  that 
one  at  first  feels  confident  of  finding  historic  evidence  of  its  eruption. 
To  say  that  it  was  formed  in  the  geologic  yesterday,  even,  makes  it  too 
old,  for  it  appears  rather  to  belong  to  Ihe  early  part  of  to-day.  Some 
trees  near  the  lava  look  as  tbougti  they  had  been  scorched  by  it  at  the 
time  of  the  eruption,  and  visitors  to  the  scene  have  conjectured  that 
search  would  reveal  volcanic  ashes  still  clinging  In  the  knot  Iiolei^, 
crotches,  and  other  lodging  places  among  the  adjacent  forest  trees. 
The  iovestigation  by  Ur.  H.  A.  Baikuess,  of  San  Francisco,  conceru- 
iog  the  age  of  the  oulbreak  has  been  published,'  and  he  infers,  upon 
historic  evidence  of  a  very  unsatisfactory  character,  that  the  eruption 
took  place  in  January,  1850. 

I  have  carefully  sought  among  the  earlier  settlers,  as  well  as  among 
the  Indians  of  that  i«giou,  for  positive  historic  evidence  concerning  the 
dat«  of  the  eruption,  but  the  only  trustworthy  testimony  obt-ained  is  of 
a  negative  character.  No  white  man  orJndian  now  living  is  known  to 
have  been  au  eyewitness  of  tlie  eruption,  and  it  must  be  remembered 
that  such  au  eruption  would  not  leave  the  people  of  the  regmn  in  doubt 
as  to  what  was  happening.  What  is  now  generally  known  in  the 
Ijassen  Teak  district  as  the  Cinder  Cone,  was  among  the  earliest  set- 
tlers and  trappers,  as  far  bai^ik  as  1845,  called  Black  Butte.  An  old 
emigrant  rood  yet  in  use  passes  by  the  very  base  of  tlio  Cinder  Coue, 
and  It  number  of  individuals  are  living  iu  the  northern  portion  of  the 
Sacramento  Valley  who  crossed  the  trail  iu  1S53,  and  report  that  the 
lonely  bush  growing  uear  the  summit  of  the  cone  was  apparently  ^^ 
large  then  as  now.     Whatever  may  be  the  historical  testimony  as  to 

tFn».CaL  AcwI.  Hsl.,  Nov.  l.int,val.  9,  p.  im.  S«  ■!»  uliDli)  b j  C»^.  C.  S.  Di>(.V>Q,  Sk^bdm, 
JnlV  II.  IMS.  Tol.  ■,  p.  40. 
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tbe  time  of  the  ernption,  tLe  geologic  evidence  clearly  demonstrates 
tbat  it  mast  have  oocnired  long  before  the  beginning  of  the  present 
century. 

Plate  srv  shows  tbe  tipper  portions  of  a  tree  projectiDg  from  beneath 
the  lava.  Tbe  top  has  been  broken  off  and  lies  upon  the  gronnd.  The 
tree  was  pushed  over  by  the  advancing  lava  and  apparently  belongs 
to  those  killed  at  tbe  first  ernption  when  the  Oinder  Cone  was  formed. 
Two  other  trees  of  the  older  generation  are  seen  in  tbe  view.  Tbe 
dead  one  on  the  left  extends  for  a  distance  of  more  than  ten  feet  down 
through  the  layer  of  volcanic  sand  to  the  original  soil  beneath,  bat  the 
living  trees  io  the  neighborhood  grow  in  tbe  new  soil  upon  the  surface 
of  the  volcanic  sand.  They  do  not  extend  their  roots  more  thao  three 
feet  beneath  tbe  surface.  Tbe  relation  of  the  two  distinct  generations 
of  forest  trees  is  represented  in  Fig.  3.  As  the  stumps  of  the  trees 
killed  at  the  time  of  the  earliest  eruption  decay  the  sand  oaves  is  to 
take  the  place  of  the  wood  and  forms  a  pit,  as  illustrated  in  the  figure. 


1  Volcanic  Kstits  UpilN  Lc 

S  Original  soil. 

3  Present  forisl  lr«c 

4Tr(e  oTtomierftrMt  k'llid  b)?  shoiMr  of  Volcuiie  AWn  UM  It. 

S  Pit  formed  ty  tha  decay  of  tti  (greit  titc 

Fio.  3.— BeUUoDB  of  older  and  yooiiger  ronsW  to  volcuiic  buiiI. 

These  pits,  often  three  feet  deep,  are  nunierons  near  I  lie  base  of  tbe 
Viader  Voue,  and  may  be  observed,  at  least  to  the  south  west,  for  a  dis- 
taoce  of  one  aod  a  half  miles  Irom  the  uoue.    Tbe  new  forest  has 


DiLLiR.)  THE   LAVA-QUARTZ   BASALT.  21 

attained  its  maximnm  growth  for  that  region  and  there  is  no  appre- 
ciable difference  between  it  and  the  forest  farther  away  from  the 
Cinder  Cone.  Soathwest  of  the  Cinder  Cone,  however,  as  shown  in 
PL  xy,  the  new  f(M*est  has  a  feebler  development  than  elsewhere. 

Several  of  the  largest  pine  trees  {Pinus  ponderosa)  in  the  vicinity  of 
the  Cinder  Cone  were  measured  two  feet  above  the  ground  and  found 
to  be  twelve  feet  in  circumference,  with  a  diameter,  therefore,  of  forty- 
five  inches  and  a  thickness  of  solid  wood  of  not  less  than  forty-three 
inches.  Not  many  miles  to  the  westward  from  the  Cinder  Cone,  where 
the  climatic  conditions  are  about  the  same,  the  heavy  yellow  pine  is  cut 
for  lumber.  The  rings  of  growth  were  counted  upon  numerous  stumps 
and  it  was  estimated  that  the  large  pines  near  the  Cinder  Cone  must 
have  not  less' than  200  rings  of  growth.  There  is  but  one  season  of 
growth  and  one  of  repose  for  each  year  in  that  mountainous  region,  and 
there  is  good  reason,  therefore,  for  supposing  that  each  ring  represents 
a  year's  growth.  If  so,  the  trees  by  the  cone  must  be  about  200  years 
old.  Presumably,  as  is  well  known  to  be  true  in  other  cases,  the  vege- 
tation would  take  hold  upon  the  volcanic  sand  very  soon  after  the  erup- 
tion, so  that  the  age  of  the  oldest  trees  may  be  taken  as  a  rough  approx- 
imation to  the  age  of  the  first  eruption,  and  we  may  with  some  reason 
conclude  that  it  occurred  nearly  a  century  before  the  American  Kevo- 
lution.  The  second  or  effusive  eruption  occurred  at  a  much  later  date, 
but  certainly  more  than  fifty  years  ago,  and  was  of  such  a  character  as 
not  to  attract  attention. 

Upon  the  older  portion  of  the  lava  southeast  of  the  Cinder  Cone  a 
few  pine  trees  have  taken  root.  The  largest  has  a  diameter  of  one  foot 
and  over  ninety  rings  of  growth.  Upon  the  newer  lava  near  Lake  Bid- 
well  some  scattered  cottonwoods  are  growing.  One  shows  over  fifty 
rings  of  growth.  It  is  interesting  to  note  that  dead  pine  trees,  which 
are  not  usually  supposed  to  maintain  their  form  through  more  than 
thirty  years  of  weathering,  in  this  case  have  stood  over  200  years. 
This  may  be  attributed  in  large  measure  to  the  dry  climate. 

THE  LAVA-QUARTZ  BASALT. 

The  lava  is  readily  recognized  as  basalt,  one  of  the  commonest  of 
all  types  of  late  volcanic  rocks,  with  hypocrystalline  porphyritio 
structure.  It  has  all  the  essential  constituents  of  ordinary  basalt,  i.  e., 
plagioclase  feldspar,  pyroxene,  and  olivine,  together  with  accessory 
magnetite,  and  a  large  proportion  of  unindividualized  material  which  is 
generally  globulitic.  In  addition  to  all  these  common  constituents  of 
basaltic  lava  this  basalt  is  remarkably  anomalous  in  containing  numer- 
ous grains  of  quartz. 

The  conditions  under  which  the  molten  magma,  erupted  at  the  Cin- 
der Cone,  solidified  to  form  the  lava,  were  diverse  at  different  places, 
and  the  physical  features  of  thelava  are  varied  accordingly.  It  tang^^VKv 
structure  firom  the  highly  vesicular  in  the  pnmiceoua  fn^meiitA  ^pt^aA 
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beneath  the  sand  to  the  very  compact  lava  seen  in  some  of  the  larger 
bombs  and  here  and  there  throaghout  the  lava  field.  Mach  the  larger 
portion  of  the  lava  is  somewhat  vesicular,  bat  the  vesicles  are  small 
and  irregular,  so  that  the  lava  could  not  be  classed  among  those  which 
are  prominently  vesicular.  The  lava  is  wholly  hypocrystalline,  bat 
ranges  from  almost  completely  amorphous  to  largely  crystalline,  and 
the  degree  of  crytallization  is  in  general  inversely  proportional  to  the 
vesicular  structure. 

The  light  brown  color  of  the  pumiceous  fragments  is  due  to  the 
presence  of  so  much  inflated  glass  whose  color  by  transmitted  light 
gives  tone  to  the  whole  mass.  Under  the  microscope  it  is  seen  that 
grains  of  olivine  ara  numerous,  some  of  them  are  well  developed  crys- 
tals and  full  of  picotite.  Bounded  grains  of  quartz  and  clouded  crys- 
tals of  feldspar  comparatively  large  are  much  less  common.  In  the 
brownish  glass  are  embedded  a  multitude  of  feldspar  and  augite  mi- 
crolites,  occasionally  having  a  stream-like  arrangement  about  the  min- 
erals of  the  first  generation.  Many  vesicles  of  various  sizes  are  visible 
in  the  section  and  each  one  has  a  smooth,  glassy  lining.  Of  all  the  lava 
this  was  cooled  the  most  suddenly.  It  contains  the  fewest  products  of 
crystallization,  and  indicates  that  in  the  upper  portion  of  the  magma, 
which  was  saturated  with  water  under  great  tension  awaiting  the  out- 
burst, the  olivine  was  already  completely  formed.  The  same  is  true  of 
the  quartz  and  the  larger  clouded  crystals  of  feldspar,  all  of  which  have 
undergone  partial  resorption  by  the  magma.  On  the  other  hand,  while 
the  eruption  was  in  progress  and  the  lava  cooling  many  tiny  crystals 
of  feldspar  and  pyroxene  were  formed. 

The  lapilli  are  black  and  less  vesicular  than  the  pumiceous  fragments, 
and  ditt'er  from  them  chiefly  in  having  a  smaller  amount  of  less  glassy 
groundmass.  The  lath-shaped  feldspars  and  grains  of  pyroxene  have 
greatly  increased  in  size  and  number  so  as  to  become  conspicuous.  The 
dark  groundmass  is  full  of  colorless  raicrolites  mixed  with  minute  black 
and  cherry-red  grains  of  iron  oxide  which  are  enveloped  by  a  clear  or 
clouded  light  brown  occasionally  globulitic  base.  The  most  vesicular 
portion  of  the  lava  cooled  near  the  surface.  It  is  extremely  rough  and 
cindery  owing  to  the  eructation  of  steam  and  other  gaseous  matter  from 
the  vesicles  lying  near  the  surface. 

Although  much  less  porous  than  the  lapilli,  it  contains  a  much  larger 
percentage  of  light  brown  glass  and  in  this  respect  is  very  like  the  pumi- 
ceous fragments.  A  short  distance  beneath  the  surface  the  lava 
becomes  more  crystalline.  The  crystals  and  crystalline  grains  are 
larger,  and  the  glassy  base  gradually  arranges  itself  in  minute  spheres 
until  it  is  completely  replaced  by  a  multitude  of  dark  globulitcs. 

The  most  highly  crystalline  lava  was  found  along  the  southwest 
border  of  the  lava  field  one-third  of  a  mile  south  of  the  Cinder  Cone. 
It  is  the  portion  best  adapted  for  the  study  of  its  minerals. 

Of  the  inineral  constituents  of  the  lava  the  feldspar  is  most  abundant; 
then  follows  the  pyroxene  in  a  nearly  equal  amount  with  less  olivine, 
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and  finally  qnartz.  Abundantly  scattered  throughout  the  rock  and 
filling  the  spaces  between  the  minerals  is  a  dark  globulitic  base,  which 
makes  up  nearly  25  per  cent  of  the  mass. 

Some  of  the  olivine  occurs  in  well  defined  crystals  bounded  by  the 
usual  prismatic  and  pyramidal  planes,  but  by  far  the  greater  portion 
appears  in  round  or  irregular  grains.  It  envelopes  a  large  number  of 
regular  octahedral  crystals  and  grains  of  a  coffee-brown  mineral,  which 
is  supposed  to  be  picotite.  Glass  and  liquid  inclusions  are  also  com- 
mon, and  the  olivine  is  much  fractured.  That  the  olivine  is  one  of  the 
oldest  minerals  of  the  basaltic  magma  is  clearly  indicated  by  the  fact 
that  it  is  included  in  both  feldspar  and  pyroxene.  Granules  of  the  lat- 
ter sometimes  appear  to  be  most  abundant  upon  the  borders  of  the 
olivine  in  such  a  way  as  to  recall  a  hypothesis  advocated  by  Dr.  M.  E. 
Wadsworth',  to  the  effect  that  a  part  of  the  pyroxene  in  basaltic  rocks 
owes  its  genesis  to  the  resorption  of  an  earlier  generation  of  olivine. 
Some  of  the  olivine  is  so  intercrystallized  with  the  pyroxene  as  to  indi- 
cate that  both  are  in  part  of  essentially  the  same  age.  The  familiar 
black  border  which  is  a  common  feature  of  the  olivine  in  many  basalts 
is  generally  present  in  the  central  portions  of  the  volcanic  bombs,  but 
has  not  been  observed  in  any  portion  of  the  lava  field. 

The  pyroxene  is  chiefly  hypersthene,  but  augite  also  is  sparingly 
present.  The  pyroxene  is  more  abundant  than  the  olivine,  but  less  so 
than  the  feldspar,  a  feature  which  prevails  among  the  andesitic  basalts 
of  the  Cascade  R?inge.  The  hypersthene  is  sometimes  comi)letely  idio- 
morphic,  but  commonly  only  partially  so,  being  allotriomorphic  against 
the  feldspar.  The  crystals  are  short,  rather  thick  prisms  less  than  two- 
tenths  of  a  millimeter  in  length.  As  in  the  hypersthene  andesites  long 
ago  pointed  out  by  Dr.  C.  W.  Cross,^  the  lateral  pinacoids  are  largely 
developed  and  generally  predominate  over  the  prism  i)lanes.  Obtuse 
pyramidal  terminations  were  also  observed.  This  hypersthene  has  a 
laiut  reddish  yellow  tone  with  perceptible  pleochroism,  which  assists  in 
distinguishing  it  from  augite.  It  occasionally  contains  numerous  irregu- 
lar glass  inclusions  which  permeate  the  interior  portion  of  the  crystal, 
but  not  so  completely  as  in  the  first  generation  of  feldspar.  Some  of 
the  pyroxene  is  irregularly  granular,  and  the  system  of  crystallization 
is  determined  with  diflBculty.  There  are  more  or  less  completely  de- 
veloped crystals  whose  monoclinic  character  is  evident,  but  much  the 
larger  number  of  grains  appear  to  be  orthorhombic.  The  most  note- 
worthy feature  of  the  monoclinic  pyroxene  is  the  granular  borders  which 
it  forms  about  the  grains  of  quartz.  These  are  described  and  figured 
in  connection  with  the  quartz  page. 

The  feldspar  is  of  two  sorts,  and  both  are  idiomorphic.  The  one 
occurs  in  relatively  large,  irregular  crystals  with  clouded  interiors; 
the  other  appears  in  sharply  defined,  lath  shaped  polysynthetic  twins, 
which  predominate  in  rocks  of  this  class  and  present  no  features  wort\\^ 


•  Bull.  TduM.  Cowp.  Zool,  Camhiiilfre,  Mnss.,  1879,  vol.  5, p. 279. 
'BaJJ.  U,S.Geol  Survey,  No.  /,  I^8J. 
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of  special  meDtioD.  The  irregularitira  of  the  doaded  feldspars  are  dne 
ill  i>art  to  crystallization  aDil  in  part  to  tlie  subsequent  corrosive  action 
of  tlic  magma  whicli  modified  the  original  form.  In  some  of  them  the 
interior  is  completely  ramiSed  by  glass  and  globalitio  iacIanoBB.  The 
outer  Kone  of  such  crystals  in  usually  clear  and  free  from  incIasioDS. 
TiiesH  larger  crystals  are  nearly  all  polysynthetio  twins,  with  broad 
laniollic,  but  their  impure  condition  renders  an  exact  determination 
impracticable. 

Notwithstanding  the  strong  contrast  there  is  between  the  two  sorts 
of  feldspar  in  general,  there  are  a  few  forms  intermediate  ia  size  and 
general  appearance  bo  as  to  connect  the  generation  of  feldspars  formed ' 
during  the  intratelloric  period  of  the  magma  with  those  developed  dar- 
ing its  effusioQ. 


THE  QTJABTZ  OF  THE   QUARTZ  BABALT, 

The  moRt  interesting  feature  of  this  baftalt  is  to  be  fonnd  in  the  re- 
markably large  percentage  of  qnartz  which  it  contains,  widely  distrib- 
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nted  throogh  the  maag.  The  qnartz  graino  are  in  f^t  freqaently  so 
abaadantas  to  impart  a  decidedly  porpbjritie  strnctnre  to  the  mass, 
bnt  geaerally  the;  are  so  sinall  as  to  be  inconspicnons.  Very  rarely 
grains  mi^  be  foand  over  an  inch  in  diameter.  The  average  diameter 
is  about  one-tbirtietli  of  an  inch.  Those  lying  near  the  sarface  of  the 
lava  Sow  are  fractured,  sometimes  breaking  into  smdl  prisms,  bat  in 
the  interior  portion  of  the  lava  fractnres  are  absent,  a  feature  which 
suggests  that  they  were  produced  by  sndden  cooling.' 

The  nniform  distiihiition  of  the  porphyric  grains  of  qnartz  through- 
oat  the  lava  can  be  plainly  seen  in  Pis.  XTi  and  PI.  zvii,  and  also  in 
Fig.  4,  which  represents  fragments  &om  all  parts  of  the  lava  field.  That 
the  qnartz  is  equally  mtatterf^d  in  the  lava  is  shown  even  more  forcibly 
by  tlie  thin  sections,  of  which  over  tifty  diiitribnted  throughoat  the  lava 
mass  have  been  exaniiiied  microscopically,  and  the  presence  of  quartz 
is  evident  in  nearly  every  section.  The  8Ame  fact  is  impressed  by  the 
chemical  analyses  not  only  of  the  lava  from  varioas  portions  of  the 
lava  fieldn,  bat  also  of  volcanic  bombs  and  sand  at  different  distances 
from  the  Cinder  Cone. 

The  qnartz  grainn  are  irregular  in  shape,  frequently  angular,  bat 
generally  rounded  and  cmlnkyed  as  the  pUenocrystic*  quartz  in  other 
lavas.  Xotwitbstanding  the  largo  namber  of  sections  examined,  not  a 
single  idiomorphio  crystal  of  quartz  was  found.  All  have  been  greatly 
modified  apparently  by  the  corrosive  acrion  of  the  magma.  From  a 
hand  specimen,  liowi'ver,  npio  ervKlal  wa*  obtained,  which,  although 
somewhat  ronnded,  yet  retains  distinct  traces  of  its  former  bipyramiilal 
form.  It  is  probable,  therefore,  that  originally  a  large  number  of  the 
incladed  grains  of  quartz  may  have  been  dihexahedral  crystals  just  as 
in  other  eruptive  rocks. 

Each  grain  of  qnartz,  excepting  those  in  the  pamiceous  fragments, 
is  enoiroled  by  a  shell  of  granular,  acicular  augite,  which  is  separated 
from  the  quartz  by  a  film  of  glass.  In  PL  3nrii,  Nob.  1  and  2,  sach 
qnartz  grains  are  represented.  The  irregular  grains  of  quartz  in  the 
center  are  surrounded  by  glass,  which  is  darkened  in  tha  figures,  and 
oatsido  of  this  is  the  more  or  less  radially  grannlar  or  acicular  augite. 
The  borders  of  glass  and  augite  are  constant  features  of  the  quartz, 
and  appear  to  be  reactionary  rims  resulting  from  the  corrosion  of  the 
qnartz  by  the  magma. 

The  resorption  of  the  qnartz  is  partial  only.  The  great  majority  of 
the  grains  have  only  their  outer  portions  removed,  bnt  there  are  many 
others  which  have  nearly  or  completely  disappeared.  Id  PI.  xni,  Nos. 
3  and  i  represent  grains  of  quartz  which  have  almost  disappeared.' 
Only  small  portions  of  the  original  qnartz  remain  imbedded  in  the  glass. 
In  Ko.  5  the  qnartz  has  entirely  disappeared,  and  in  So.  6  the  glass 
has  gone  also,  leaving  a  gronp  of  angite  crystals  to  tell  the  story.    In 

■  RaMnbnMh,  Iflk.  Phjilojcnphle,  vol- 1,  p.  35S. 
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this  way  are  produced  etraotures  which  Eippcnr  in  most  eases  at  least  to 
be  identical  with  the  so-called  "aagtte  ejes"  (Augitaugeo^)  which  ore 
well  known  iu  a  number  of  European  bagitlts. 

The  quartz  is  colorless  and  transparent  with  few  liquid  or  gas  loolu- 
siona.  Glassinclnsionsaremoreabnndant  but  are  rarely  dihexahedral. 
They  are  most  common  in  deeply  embayed  grains,  and  appuar  in  many 
cases  to  be  of  secondary  origin  like  those  descrilied  by  Cnistsdjofl? 
Iu  its  (ii(»ential  features  the  qnartz  in  tlie  basalt  is  idt^'ntlua]  with  the 
phonocrystic  quartz  of  the  dacites  and  rbyolites  and  differs  decidedly 
from  granitic  qnartz  and  that  of  the  crytitalline  sehiHts. 

The  glass  border  with  which  the  qnartz  grains  are  enrronndodia  gen- 
erally colorless  and  transparent,  bat  occaHJonstlly  it  is  brown.  In  the 
highly  vesicalar  lava  the  glass  rims  generally  contain  bubbles.  Tliese 
arv.  sometimes  so  namerons  as  to  render  ttie  glass  pumiceons.  Among 
the  lapilli  of  the  Cinder  Cone  and  in  the  volcanic  sand  smHil  fragments 
of  wliite  pnmice  are  not  ancomDion,  and  n])on  exnmination  s<»me  of  them 
are  found  to  Ite  almost  wholly  pumiceon^  glnss  eoutnining  remnants  of 
qnartz  and  feldspar. 

A  chemicnl  analysis  of  one  of  these  euvclupod  fnigmonts  of  white 
pnmice  is  given  incotnmnlO,  p.  29.  Whctlu'r  thuf'ragmeutis  an  inclu- 
sion or  an  early  secretion  which  has  been  fused  and  iiidated  is  not  easy 
to  determine. 

The  pyroxene  of  the  border  aboat  the  qunriz  may  be  well  crystallizetl 
or  irregularly  grannlar.  Rather  long  thin  crystals  are  most  nnmerons 
and  frequently  converge,  penetrating  the  glnss  toward  the  disappear- 
ing quartz  in  such  a  way  as  to  indicate  the  direction  of  their  growth. 

The  small  crystals  have  a  large  angle  of  extinction  and  evidently 
Iielong  to  themonoclinic  pyroxenes.  They  have  much  stronger  doable 
refraction  than  the  hypersthene. 

The  pyroxene  border  is  epigenetic,  and  it  formed  during  the  efinsion 
of  the  lava,  for  it  is  certainly  one  of  the  latest  developments  in  its  own 
neighborhood,  and  the  fact  that  it  is  sometimes  absent  about  quarts 
grains  in  the  pumiceous  fragments  clearly  shows  that  the  suddeu  ernp- 
tion  and  cooling  of  that  portion  of  the  magma  prevented  its  ileveloii- 
ment. 

This  long  thin  monoclinic  form  of  pyroxone  apiiears  to  be  tmiud  only 
in  groups  and  owes  its  esisteDce  to  the  desti  uctiou  of  quartz.  It  may, 
perhaps,  be  closely  related  to  the  so-called  porriein  of  the  Eifel  lavas. 

Only  four  hypotheses  suggest  themselves  in  es]p|aiiatr(in  of  tiicorigin 
of  these  quartz  grains  In  the  basalt.  TIk'v  ru^iy  In'  r(-^;irdi'd  |1)  as 
remnants  of  a  rock  fh>m  which  the  basalt  may  have  been  derived  deep 
in  the  earth  by  fusion  ;  (2)  as  included  fragments  picked  up  by  the  way 
as  the  lava  was  passing  from  the  interior  of  the  earth  to  its  present 
position;  (3)  as  prodncts  of  crystallization  in  the  magma  itself;  and 
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(4)  as  secondary  prodacts  resulting  from  metasomatic  changes  in  the 
lava  since  its  eruption. 

The  lava  is  absolutely  fresh  and  unaltered,  so  as  completely  to  nega- 
tive the  view  which  regards  the  quartz  as  a  product  of  metasomatic 
changes. 

Concerning  the  first  hypothesis,  it  may  be  said  that  there  are  many 
prominent  geologists  who  incline  to  the  belief  that  eruptive  rocks  origi- 
nate in  the  fusion  of  deeply  buried  sediments.  As  already  indicated, 
in  unaltered  eruptive  rocks  there  are  two  petrographic  types  of  quartz. 
The  oldest  generation  of  quartz  crystals  in  eruptive  rocks  is  character- 
ized by  idiomorphic  or  corroded  outlines  and  glass  inclusions  often 
dihexahedral  like  the  host,  with  some  liquid  inclusions.  Quartz  of  this 
sort  always  occurs  as  phenocryst  in  the  rock,  and  its  associations  clearly 
demonstrate  that  it  crystallized  out  of  a  molten  magma  at  great  depths 
within  the  earth. 

The  quartz  in  a  normally  developed  granite  is  the  last  product  of 
crystallization,  filling  out  the  spaces  between  the  crystals  of  other  min- 
erals. It  differs  from  phenocrystic  quartz  in  being  allotriomorphic, 
without  glass  inclusions,  and  in  containing  in  general  a  greater  abun- 
dance of  liquid  inclusions.  It  is  the  characterizing  quartz  of  granitic 
rocks,  and  on  that  account  Eosenbusch  has  designated  it  as  granitic 
quartz.* 

Granitic  quartz  is  closely  allied  to  vein  quartz,  and  that  which  occurs 
in  metamorphic  rocks  and  bears  the  impression  of  having  been  deposited 
under  condition  more  of  aqueous  solution  than  of  igneous  fusion. 

The  quartz  of  the  basalts  is  not  of  the  granitic  [)hase  which  i)ervades 
sedimentary  rocks,  but  wholly  of  the  phenocrystic  type,  whose  pyro- 
genic  crystallization  is  evident,  and  its  essential  features  decidedly 
negative  the  view  which  regards  it  as  the  unfused  remnant  of  a  sedi- 
ment. 

As  to  the  second  hypothesis,  which  surmises  the  quartz  grains  to  be 
included  fragments  ))icked  up  by  the  lava  along  the  walls  of  the  vol- 
canic chimney  or  upon  the  surface  of  the  earth  during  its  effusion,  the 
considerations  already  mentioned  are  of  great  weight.  The  quartz  is 
not  of  the  type  which  prevails  in  sedimentary  rocks  through  which  the 
magma  passed  on  its  way  to  the  surface,  but  of  the  type  whose  origin 
is  intratelluric,  the  very  source  of  the  lava  itself. 

Besides  the  quartz  basalt,  the  only  other  lava  of  the  Lassen  Peak  dis- 
trict that  contains  phenocrystic  quartz  is  dacite.  It  is  true  that  the  da- 
cites  are  all  older  than  the  quartz  basalt,  and  that  the  latter  may  have 
reached  the  surface  by  breaking  through  the  dacites  from  which  per- 
haps the  phenocrj'stic  quartz  could  be  derived.  Quartz  is  more  abun- 
dant in  the  basalt  than  in  the  dacite,  and  the  amount  of  dacite  that 
would  have  to  be  ransacked  to  raise  quartz  sufficient  to  stock  the  quartz 
basalt  would  be  much  larger  than  the  mass  of  the  quartz  basalt  itself. 

>  £oMnbiuoh,  Mikrosk.  Physiog.,  2d  edition,  vol.1,  pp.  34(y-Ml. 
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Veritable  inclnsioos  in  the  qnartz  basalt  hare  been  <lJligeTit1;  Bongbt 
for  and  almost  in  vaio.  Ooly  one  sraal!  fragment  of  dacite  wjis  fonnd 
in  the  basalt.  It  was  a  fragment  picked  up  npon  tbe  anrface  and  showed 
no  tendency  whatever  to  yield  np  its  quartz  («  the  basalt.  Further- 
more, there  are  in  the  same  region  atmeron))  cinder  cones  and  flows  of 
basaltic  lava  whicb  have  penetrated  the  same  formation  to  reach  the 
surface,  as  did  the  qnartz  basalt,  and  if  the  qnart/,  grains  are  inclnsious, 
all  the  basalts  of  that  immediate  vicinity  ought  to  be  qnartzjferons. 

It  has  been  urged  that  the  envelope  of  pyroxene  (encompassing  the 
grain  of  quartz  characterizes  them  an  iniliided  fragments.  All  the 
qnartz  grains  in  the  magma,  whether  native  (indigenous]  or  forei|?n  (in- 
cluded) to  the  lava  at  tbe  time  of  its  etfuHion,  would  lie  subjected  to  the 
same  conditions.  All  wonld  be  corroded  by  the  magma  and  each  have 
its  reactionary  rim  of  pyrosene  formed,  ao  that  the  presence  of  such  a 
border  can  not  be  nsed  as  a  means  of  distiiiclion.  This  envelope  is 
absent  from  the  phenocrystic  quartz  in  the  qnartz  porphyries,  rhyolites, 
and  generally  also  in  the  andesitic  rocks ;  but  the  alxive  is  true  also  of 
quartz  inclusions  in  the  same  lavas.  Tbe  presence  or  absence  of  an 
envelope  of  pyroxene  is  not  determined  by  the  source  of  the  qnailz,  but 
by  the  chemical  composition  of  the  b&i*k:  magma  which  corrodes  it. 

The  uniform  distribution  of  tbe  qnartz  grains  throughout  the  lava  is 
an  insuperable  objection  to  regarding  them  as  inclu^tionn.  They  are 
found  not  only  in  all  parts  of  tjie  lava  field,  but  everywhere  in  the  Giu- 
der  Cone  and  throughout  the  volcanic  Rand.  Their  distribution  ir  nni- 
versa),  like  that  of  the  olivine,  pyroxeno,  and  feldspar,  and  it  is  impos- 
sible to  satisfactorily  explain  their  omnipresence  on  any  other  hypothe- 
sis than  that  they  are  indigenons  to  the  lava  and  crystallized  out  in 
place,  belonging  to  the  basalt  and  forming  an  essential  part  of  it,  just 
as  much  as  tbe  olivine,  feldspar,  and  pyroxene. 
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Chemical  analyses  of  volcanic  product. 


SiO, 

TiO,.... 
A1,0,... 
Cr,0,.. 
Fe,Oi... 

FeO 

MuO 

CaO 

SrO 

BaO    ... 

MgO 

K,0 

Na,0 

Ll,0.... 
H,0  .... 

P«0. 


56.18 
16.59 

»  «  •  •  •  • 

1.51 

5.51 

undet. 

>    7  64 


7.26 
1.47 

3.58 

0.42 

with 
A1,Q, 


! 


100.16 


2 


57.25 

0.60 

16.45 

L67 
4.72 
0.10 
7.66 

trace. 
0.03 
&74 
1.67 
3.00 

none. 
0.40 

0.20 


100.38 


8 


54.56 
0.53 

1&04 
trace. 
0.05 
6.07 
0.17 
8.89 
trace. 
0.03 
a  71 
1.18 
3.05 

trace. 
0.28 

0.18 


100.64 


56.70 
a66 

15.76 
trace. 
1.29 
5.32 
0.19 
7.67 
trace. 
0.03 
7.16 
1.56 
3.36 

trace. 
0.30 

(r.20 


100.18 


6 


56.53 

0.54 

17.60 

trace. 
1.36 
6.03 
0.12 
&07 

trace! 

trace. 
5.94 
1.65 
8.61 
trace. 
0.27 

0.15 


100.56 


\ 


55.93 
17.34 


1.50 

5.20 

andet. 

&04 


(t) 
7.29 
1.35 
8.82 

(») 
0.26 

with 
A1,0, 


100. 23 


57.50 
16.40 


1.22 

4.89 

ondet. 


\ 


7.40 

7.72 
0.99 

3.62 

0.86 

with 
A1,0, 


100.78 


8 


56.51 
0.48 
18.10 

trace! 
4.26 
2.68 
0.11 
8.15 
0.04 
0.04 
4.62 
1.15 
3.23 

trace. 
0.69 

0.14 


100.10 


9 

56.58 
0.77 

14.88 
trace? 
2.31 
3.04 
0.16 
&69 


0.07 

3.76 

2.18 

3.36 
CO, 
2.32 
2.12 

0.15 


100.39 


10 

79.49 
*11.60 


0.3C 

0.49 

none. 


}  1.64 

0.09 
1.52 

4.04 
0.68 


99.88 


*  Contains  P^O^  if  any  present. 

1.  Lava  from  west  end  of  Lake  BidwelL    Analyst,  W.  F.  Hillebrand. 

2.  Lava  near  Cinder  Cone.    Analyst,  W.  F.  Hillebrand. 

3.  Lava  from  point  |  of  a  mile  south  of  Cinder  Cone.    Analyst,  W.  F.  Hillebrand. 

4.  Volcanic  bomb.    Cinder  Cone.    Analyst,  W.  F.  Hillebrand. 

5.  LapillL    Cinder  Cone.    Analyst,  W.  F.  Hillebrand. 

6.  Volcanic  sand.    One-half  mile  NE.  of  Cinder  Cone.    Analyst,  W.  F.  Hillebrand.    Sand  from  10 

miles  N£.  of  Cinder  Cone  contains  54.15  per  cent  of  silica.    Another  sample,  i  mile,  contains 
64.96  per  cent,  SiO,.    Determined  by  B.  L  Howard. 

7.  Lava  from  Silver  Lake,  Cal.    Analyst^  W.  F.  Hillebrand. 

8.  Lava  from  north  base  of  Lassen  Peak.     Analyst,  W.  F.  Hillebrand. 

9.  Lava  from  Mytilene.    Analyst,  T.  M.  Chatard.    This  specimen  contains  also  00,-2.32,  H2O  at 

1050^.69.  at  red  heat,  1.43°. 
10.  White  pumiceoua  fragment  enveloped  by  lava  at  the  base  of  the  Cinder  Cone. 

The  cheQiical  analyses  of  quartz  basalt  giveu  in  the  accompanying 
table  were  made  in  the  laboratory  of  the  U.  S.  Geological  Survey.  The 
first  six  are  of  various  sorts  of  material  ejected  and  eii'used  from  the 
Cinder  Cone  10  miles  northeast  of  Lassen  Peak,  California,  and  they 
show  the  remarkable  uniformity  in  the  disti  ibution  of  the  silica.  The 
l)ercentage  of  SiOj  is  high  in  all  of  them.  The  one  from  the  north  base 
of  Lassen  Peak  as  well  as  that  from  Mytilene  is  poor  in  olivine  and 
somewhat  andesitic  and  the  latter  is  considerably  altered.  Mr.  J.  P. 
Iddings  demonstrated  by  chemical  analyses  of  some  New  Mexican 
quartz  basalts^  that  the  presence  of  phenocrystic  quartz  in  the  basalts 
is  not  determined  by  a  high  percentage  of  silica  in  the  magma,  as  one 
might  be  led  to  infer  from  the  analyses  in  the  table  above. 

The  important  lesson  to  be  learned  from  this  remarkable  basalt  is 
that  quartz  and  olivine  in  abundance  have  actually  crystallized  in  the 
same  magma  before  its  eruption.    The  relative  ages  of  these  two  min- 
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emls  are  not  at  first  evident,  for  neitlier  i»  ever  found  included  in  the 
other.  They  are  not congregative.  The  tiuiiitz  is  wholly  free  from  naiu- 
eral  inclusiooa  and  has  been  deeply  corroded  tty  tbe  magma;  on  th« 
other  haud  ttie  olivine  contains  man,v  crystals  of  picotito  and  has  suf- 
fered comparatively  little  from  the  caustic  action  of  the  mother  Uqaor. 
These  fa^ts  indicate  with  a  high  degret^t  of  probability  that  the  quartz  is 
older  than  the  olivine.  If  the  amount  of  corrosiou  a  mineral  has  expe- 
rienced may  be  taken  as  anindexof  rolative age,  it  is  certain  tbatphen- 
ocryt!tic  quartz  is  one  of  the  very  oldest  minerals  of  the  lava  in  which  it 
occurs. 

Quartz  basalt  holds  the  same  relation  to  the  geuenti  group  basalt  as 
dacite  does  to  andesite  and  quarts  tracbytc  (rliyolite)  to  trachyte. 
Quartz  trachytes  are  very  abundant  as  compared  with  trachytes.  In 
the  biisalts,  however,  the  other  extreinu  is  reached :  the  <iaart2-bcariug 
members  are  rare  while  ordinary  basalts  are  the  most  abundant  and 
widely  distributed  of  all  lavas.  In  the  audusiteB  the  qnartz-bearing 
and  quartzleaa  members  are  more  nearly  equal. 

DISTBIBUTION  OF  QDAETZ  BAKALT. 

Wheu  the  quartziferous  character  of  the  basalt  at  the  Cinder  Cone 
was  discovered  it  was  regarded  as  aluiost  unique,  but  subticquent  in- 
vestigation has  revealed  the  fact  that  such  basalts  are  by  no  means  as 
rare  as  formerly  supposed. 

In  tbe  Lassen  Peak  district  alone  they  have  beitn  eftiised  from  four 
different  volcanic  vent«.  At  Silver  Lake,  )i5  miles  northwest  of  Lassen 
I'ciik,  the  outburst,  although  not  so  recent  as  that  just  described,  is  a 
late  How,  younger  thau  any  of  its  neighbors,  and  was  very  viscous  at 
the  time  of  itJii  eruption,  forming  a  lava  field  ueurly  equal  to  that  at 
Snag  Lake. 

Near  tbe  northwestern  base  of  Lassen  Peak,  northeast  of  Chaos,  at 
an  elevation  of  about  8,000  feet,  there  is  a  small  outcrop  of  quartz  basalt, 
chiefly  fragmental,  the  source  of  which  has  uot  been  definitely  de- 
termined. East  of  north  from  Lasficu  Peak  about  twenty  miles,  border- 
ing the  valley  of  Hat  Creek  upon  the  east,  is  an  edge  of  a  platform 
which  is  well  known  in  that  region  as  Uat  Creek  LI  ill.  It  was  formed  b; 
a  north  and  south  fault  and  is  capped  by  a  basalt  which  contains  oc- 
cusional  grains  of  quartz,  A  microscopical  examination  reveals  a  uam- 
ber  of  gi'oups  of  acicnlar  pyroxene  crystals  (Augitangen)  which  repre- 
sent resorbed  quartz,  and  it  is  evident  that  the  magma  was  once  fall 
of  quartz  crystals  which  have  almost  completely  disappeared. 

At  the  time  of  its  eruption  the  lava  was  very  dueut — spreiiding  far 
and  wide  almost  as  level  as  a  sheet  of  water.  It  is  not  vesicular  and 
aluiost  holocrystalliue  and  has  a  decidedly  diubasic  structure.  In  ail 
of  these  featui-es  it  is  strongly  coutrasted  with  tbe  quartz  basalt  of  the 
Cinder  Cone.  Both  rbombicaudmonocliuicpyroxeue  are  present.  The 
former  ia  tbe  older  and  idiomorphicj  the  latter  ia  allotriomorphic  and 
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largely  predominates.  Olivine  is  not  abundant  and  is  wholly  granular. 
From  tlie  four  examples  of  quartz  basalt  already  discovered  in  the  Las- 
sen Peak  district  it  is  very  probable  that  others  will  yet  be  found  in  the 
same  region.^ 

The  finding  of  quartz  as  a  constant  ingredient  in  some  of  the  basalts 
of  the  Lassen  Peak  district  has  led  me  to  examine  many  other  Ameri- 
can lavas  of  the  same  class. 

While  studying  the  Grand  Canon  region,  Capt.  C.  E.  Button  made 
an  extensive  collection  of  basaltic  lavas,  which  are  of  interest  on  account 
of  the  evidence  they  furnish  concerning  the  resorption  of  minerals 
developed  early  in  the  crystallization  of  the  magma.  In  the  newest 
lava  nodules  of  olivine  are  abundant,  ranging  in  size  from  a  few  inches 
to  a  foot  in  diameter.  Corroded  crystals  of  hornblende,  quartz,  and 
feldspar  are  not  uncommon.  In  a  few  of  the  sections  from  the  older 
lavas  of  Mounts  Trumbull  and  Logan  the  characteristic  augite  eyes, 
both  with  and  without  quartz  in  the  center,  have  been  observed. 

At  the  Ice  Cave  Buttes  and  Tabernacle  Crater,  10  miles  west  of  Fill- 
more City,  Utah,  there  is  a  volcanic  field  described  by  Mr.  G.  K.  Gil- 
bert.^ f  he  numerous  lava  flows  are  of  basalt,  which  frequently  contain 
quartz  scattered  throughout  the  mass.  The  quartz  appears  to  be  most 
abundant  in  the  newest  lava. 

In  a  collection  made  by  Capt.  Button  in  the  vicinity  of  Mount  Taylor, 
New  Mexico,  there  are  numerous  basalts,  and  among  them  are  si)eci. 
mens  containing  augite  eyes  as  well  as  a  few  grains  of  corroded  quartz, 
besides  rounded  and  embayed  grains  of  oxide  of  iron  and  augite.  The 
most  interesting  of  these  late  quartz-bearing  lavas  is  in  the  immediate 
vicinity  of  Grant  station,  on  the  Atlantic  and  Pacific  K.  K.  Kecently  a 
number  of  sections  prepared  from  the  basalts  which  form  the  volcanic 
necks  east  of  Mount  Taylor  have  been  examined,  and  in  some  of  them 
there  are  eyes  of  pyroxene  with  here  and  there  a  trace  of  phenocrystic 
quartz,  but  in  the  great  majority  of  basaltic  lavas  of  that  region,  all  of 
which  have  piissed  through  the  same  formations  to  reach  the  surface, 
there  is  no  trace  of  primary  quartz. 

Mr.  Iddings  read  a  paper  before  the  Philosophical  Society  of  Wash- 
ington in  which  he  described  several  specimens  of  basalt  collected  by 
Maj.  J.  W.  Powell  and  Mr.  W.  H.  Holmes  in  Northern  New  Mexico.^ 

These  basalts  contain  numerous  grains  of  phenocrystic  quartz,  which 
Mr.  Iddings  described  in  detail,  and  in  all  essential  features  they  are 
identical  with  those  in  the  quartz  basalt  at  Snag  Lake.  Analyses  of 
the  lavas  from  New  Mexico  show  that  in  chemical  composition  they  are 
normal  basalts,  clearly  demonstrating,  Mr.  J.  P.  Iddings  argued,  that 


^Dr.  M.  E.  Wa<l8Wortb  informs  me  by  letter  (March  26,  1887)  that  in  studying  the  basalts  of  Cali- 
fornia he  bus  fuund  a  number  of  them  to  contain  qnartz.  In  his  writings  he  frequently  refers  to  this 
interesting  phenomenon  in  other  basalts  also.  **  Classification  of  Bocks,"  Bull.  Mus.  Comp.  Zuol., 
Cambridge.  MaMsachusetts,  vol.  5,  pp.  276,  281,  286.  "Geology  of  Iron  and  Copper  District  uf  Lake 
Superior  Kegion,"  1880,  p.  48.    Proc.  Boston  Soo.  Nat  History.  1881,  pp.  266,  267;  1883.  pp.  418,  419. 

2  Mon.  U.  S.  GeoL  Survey,  vol.  1,  Lake  Bonneville,  pp.  320-325. 

*  Am.  Jour.  Sd,  Sept,  1888,  voL  30,  p.  2Q&    See  also  U.  S.  Geol.  Survey  Boll.  ISo.  ^ 
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the  presence  of  the  quartz  is  not  determined  by  the  chemical  composi- 
tion of  the  magma.  He  regards  the  qaartz  as  primary  and  indigenoas 
to  the  basalt,  and  advances  a  hypothesis  to  account  for  its  crystalliza- 
tion in  such  a  basic  magma,  attributing  it  chiefly  to  the  action  of  super- 
heated steam  under  considerable  pressure.  He  calls  attention  also  to 
several  quartz-bearing  basalts  in  the  fortieth  parallel  collections,*  and 
more  especially  to  some  found  in  Arizona  and  Colorado,  as  well  as  near 
Eureka,  Nevada^ 

In  connection  with  the  Assos  expedition  in  1882,  the  writer  collected 
specimens  of  quartz  basalt  upon  the  outskirts  of  the  city  of  Mytilene, 
northwest  of  Smyrna.  The  lava  is  andesitic  basalt,  which  contains 
numerous  grains  of  quartz  associated  with  brown  glass  and  a  border  of 
pyroxene.  Traces  of  phenocrystic  quartz  were  observed  in  basalts  of 
the  Troad,  near  the  plain  of  Troy,  and  in  all  cases  there  is  no  doubt  as 
to  the  primary  character  of  the  quartz. 

The  investigations  of  Bleibtrau,^  Lasaulx,^  vom  Rath,  Zirkel,*  Bosen- 
busch,^  and  especially  of  Lehmann,^  have  rendered  the  basalts  of  Jung- 
fernberg,  Petersberg,  Oelberg,  Niedermendig,  and  other  places  in  the 
valley  of  the  lower  Bhine,  celebrated  lor  the  quartz  they  contain. 

The  basalts  contain  inclusions  which,  according  to  Lehmann,  have 
been  fused.  Quartz  and  a  host  of  other  minerals  have  been  identified 
as  crystallizing  out  of  the  fused  mass  chiefly  in  cavities.  I  have  exam- 
ined about  a  dozen  thin  sections  of  basalts  from  the  localities  named, 
including  one  from  Gerolstein,  and  find  rings  of  augite  (Augitangen) 
with  or  without  grains  of  quartz  in  the  center  clearly  marked  in  all  of 
them.  In  nearly  every  respect  the  quartz  I  have  seen  closely  resem- 
bles that  in  the  lava  at  the  Cinder  Cone,  and  it  is  probable  that  much 
of  it  has  the  same  history.  It  must  be  borne  in  mind  that,  according 
to  Lehmann,  there  are  two  phases  of  quartz  in  many  of  the  basalU  in 
the  lower  Ehine  Valley :  (1)  Quartz  inclusions,  which  are  small  grains 
and  more  abundant  than  all  other  kinds  of  inclusions;  each  grain  is 
corroded  and  surrounded  by  an  envelope  of  augite ;  (2)  well  developed 
crystals  of  quartz  (pyrogenous  quartz),  which  crystallized  out  in  cavi- 
ties as  a  consequence  of  the  fusion  of  siliceous  (but  not  quartz)  inclu- 
sions. Perhaps  many  of  the  simple  grains  of  quartz  which  Dr.  Leh- 
mann, largely  for  theoretical  reasons,  regards  as  inclusions  may  be 
indigenous  to  the  lava. 

Koseubusch  mentions  the  occurrence  of  '*  Augitangen'^  in  the  basalts 
of  the  Vogelgebirge.    Lehmann  writes  that  quartz  grains  occur  in  the 


'  Not<;d  ulso  by  Zirkel  (Geol.  Explor.  Fortieth  Parallel,  vol.  6,  p.  251)  ami  King  (Geol.  Explor.  For 
tieth  Parallel,  vol.  1,  pp.  655  and  656),  and  Wadaworth  (Bull.  Conjp.  Zool.,  vol  5,  No.  13,  p.  286). 

2  Mr.  Arnold  Hague,  in  the  Ann.  Rept.  of  the  Director  U.  S.  Geol.  Survey  for  1881  and  1882,  pp.  279 
and  280,  calls  attontion  to  the  quartz  grains  in  the  Eureka  basalt. 

'  Zeit.  deutsoh.  geol.  Geaellsch.,  1883,  vol.  35,  p.  489. 

•  Eletnente  der  Petrographie,  p.  237. 

•  Lehrbuch  der  Petrographie,  vol.  2,  p.  285. 

•  Mikroakop.  Phyaiog.  der  Min.  und  Geateine,  2d  o<lition,  vol.  2. 

'  Verh.  deis  uaturh.  Vereins  der  preus.  Kheiul.  u  Westfalens,  1877,  p.  203. 
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basalts  of  Bernsteiiigebirge  bei  Striegau,  and  Scropc*  calls  attention 
to  them  in  a  basalt  of  the  Auvergne.  In  a  specimen  of  basalt  from 
Tanuenbergtbal,*  Erzgebirge,  obtained  from  Stiirtz,  of  Bonn,  corroded 
grains  of  quartz  with  pyroxenic  rims  occur. 

Prof.  J.  W.  Judd  and  the  late  deeply  esteemed  vom  Hath  both  called 
my  attention  to  the  celebrated  basalt  at  Detunata  SSiebenbiirgen,  and  to 
Professor  Judd  I  am  greatly  indebted  for  a  fragment  of  the  rock  which 
he  collected  years  ago.  Professor  Judd  informs  me  that  dihexahedral 
crystals  of  quartz  occur  in  this  rock,  but  by  those  who  have  visited  the 
locality  they  are  regarded  as  inclusions  having  been  picked  up  from  the 
dacite  through  which  the  basalt  passed  on  its  way  to  the  surface. 

Phenocrystic  quartz,  as  we  have  seen,  is  widely  distributed  in  regular 
basalts.  It  has  been  discovered  also  in  closely  related  diabases,  accord- 
ing to  Rothpletz^  and  Stecker.* 

In  this  country,  Haworth'  has  just  described  an  interesting  example 
in  Missouri,  and  Prof.  B.  K.  Emerson  has  found  a  similar  occurrence  in 
the  Connecticut  Valley  near  Mount  Holyoke,  yet  to  be  described.  In 
diabasic  rocks  the  pyroxene  border  may  be  inconspicuous  or  entirely  ab- 
sent. Notwithstanding  the  fact  that  occurrences  of  this  sort  have  been 
described  as  anomalous  and  due  to  inclusions,  there  is  much  reason  to 
believe,  as  Haworth  has  urged,  that  they  are  not  only  primary  but  in- 
digenous. 

I  do  not  mean  to  assert  that  all  of  the  grains  of  quartz  in  all  of  the 
rocks  enumerated  above  are  products  of  crystallization  in  the  magma 
deep  within  the  earth.  It  seems  highly  probable  that  such  is  not  the 
case,  but  a  careful  consideration  of  the  quartz  basalt  of  the  Snag  Lake 
region  leads  me  to  suspect  that  much  more  of  the  quartz  is  indigenous 
than  is  generally  supposed. 


'  Geology  of  the  Extinct  Volcanoes  of  Central  France,  p.  109. 

"Neues  Jabibuch  fiir  Mineralo^ie  G*'oloj;ie  u.  Pal&oiitologie,  1876,  p.  400. 

'Zeit.  deutsch.  geol.  Geaellach.  1878,  vol.  30.  pp.  554-556. 

>Ste(-ker:  Min.  u.  petrog.  Mittheil.  v.  G.  Tscherniak,  Wien,  vol.  9,  p.  146. 

'American  Geologint,  Jnne  and  July,  1888,  vol.  1,  pp.  363  et  seq. 
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LETTER   OF  TRANSMITTAL 


Department  of  the  Interior, 

U.  S.  Geological  Survey, 
Division  of  Geologic  Correlation, 

Washintftonj  J),  C,  March  15, 1891. 

Sir  :  I  have  the  Louor  to  trausinit  Iierewith  a  memoir  by  Dr.  Henry 
S.  Williams  on  the  Devonian  and  Carboniferous  formations  of  North 
America,  prepared  for  publication  as  a  bulletin. 

This  memoir  is  the  first  of  a  series,  and  in  order  to  show  its  relation 
to  those  which  are  to  follow,  I  quote  the  following  i>assage  from  the 
rei>ort  of  the  Director  for  the  fiscal  year  ending  June  30, 1888 :  * 

III  order  to  develop  the  ideological  history  of  the  United  States  as  a  consistent 
Tvbole,  it  is  necessary  to  correlate  the  various  local  olenioutM.  The  events  of  one  dis- 
trict— the  succession  of  eruptions,  sedimentary  deposits,  and  erosions — must  be  con- 
nected with  the  synchronous  events  of  other  regions.  It  is  especially  important  to 
determine  the  synchrony  of  deposits.  So  far  as  the  outcrops  of  strata  can  bo  contin- 
OQsly  traced,  or  can  be  observed  at  short  intervals,  correlation  can  be  effected  by  the 
study  of  stratigraphy  alone.  The  correlation  of  strata  separated  by  wide  intervals 
of  discontinuity  can  be  ctlected  only  through  the  study  of  their  containiMl  fossils. 
This  is  not  always  easy,  and  it  is  now  generally  recognized  that  it  is  possible  only 
within  restricted  limits.  As  distance  incn>asos  the  refintMiiiMit  in  detail  of  correla- 
tion diminirihes. 

Recent  discussions  in  connection  with  the  work  of  the  International  Congress  of 
Geologists  have  shown  that  diilVrent  students  jissign  ditlerent  limits  to  the  possibili- 
ties of  correlation,  and  give  diflerent  weights  to  the  various  kinds  of  paleontologio 
evidence  employed. 

The  study  of  the  data  and  principles  of  correlation  is  thus  seen  to  be  a  necessary 
part  of  the  work  of  the  Geological  Survey,  and  by  making  the  study  at  the  present 
time  it  can  oiTer  a  timely  contribution  to  general  geologic  philosophy.  It  has  there- 
fore been  determined  to  nndertake  the  preparation  of  a  series  of  essays  summarizing 
existing  knowledge  bearing  on  the  correlation  of  American  strata.  It  is  proposed  to 
have  a  treatise  prepare«l  by  a  competent  specialist  on  each  of  the  following  systems : 
The  Quaternary,  the  Newer  Tertiary,  the  Older  Tertiary,  the  Cretaceous,  the  Jura- 
Trias,  the  Carboniferous,  the  Devonian,  the  >Siluriau,  the  Cambrian,  the  Kparchean, 
and  the  Archean. 

Each  essay  will  consider  the  several  geographic  provinces  of  the  system  it  treats, 
the  stratigraphic  divisions  that  have  been  made  in  the  several  provinces,  the  extent 
to  which  these  divisions  can  be  correlated  with  one  another,  the  degree  of  precision 
with  which  the  npper  and.  lower  limits  of  the  system  can  be  correlated  with  the 
limits  of  the  corresponding  European  system,  and  the  extent  to  which  the  American 
BubdivisiouB  can  be  correlated  with  the  European.     It    is  proposed  to  It^aI  «ii^v^- 


^Jflntk  Aanaal  lieport  of  tiio  U.  S.  Guulogioal  Survi'y,  p.  \6. 
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ratcly  the  evidence  from  Tertebrate  fossils  and  the  evidence  from  foafol  plaDta  M  to 
all  the  Hystoms  in  which  they  are  fonnd;  and  there  will  be  prepared  in  oonnection 
with  the  work  a  thesaaruB  of  North  American  stratigraphic  terminology. 

The  work  has  been  placed  iinder  the  general  charge  of  Mr.  G.  K.  Gilbert,  and  a 
iHiiiiber  of  specialists  to  assist  him  have  already  been  selected  Orom  the  various  divi- 
sions of  the  Snrvey. 

Each  of  the  systems  indicated  abov^e  was  assigned  to  a  paleontologist 
or  a  geologist  for  treatment,  and  several  conferences  were  held  for  the 
purpose  of  developing  a  definite  plan  of  work.  Eventually  the  plan  was 
formulated  as  follows,  being  incorparated  in  a  circular  letter  addressed 
the  Director  to  the  several  specialists  chosen  for  the  work  in  February, 
1888: 

PLAN  FOR  THK  DISCUSSION  OF  AMERICAN  GEOLOGIC  SYSTEMS. 

(1)  It  is  proposed  to  prepare  an  essay  on  each  of  the  following  American  geologic 
BVRtems,  namely:  (1)  Qaat^^rnary,  (2)  Plio-Mioceno,  (3) Oligo-Eooene,  (4) CretaceonR, 
(5)  Jura-Trias,  (6)  Ponno-Carbouiferous,  (7)  Devonian,  (8)  Silnrian,  (U)  Cambrian, 
(10)  X  y  /,  (11)  Archean. 

The  **  CongrcMis^  committee  of  the  American  Association  for  the  Advancement  of 
Science  at  a  recent  meeting resolveil  (in  effect)  that  '*  systems  arc  determined  primarily 
by  foHhilr),  seconrlarily  by  strnctiire.'^  This  scries  of  essays  is  planned  on  the  assump- 
tion tliat  for  iHirposes  of  correlation  the  most  important  fossils  are  marine  inverte- 
brates. The  evidence  from  vertelirates  and  that  from  plants  will  be  discussed  oacli 
by  nn  appropriate  specialist,  but  this  arrangement  does  not  preclude  their  considera- 
tion in  t\w,  essays  on  individual  systems. 

(2)  Kacli  oHsay  should  show  how  the  system  of  which  it  treats  has  been  paleonto- 
loirieally  and  stratigraphically  delimited  in  North  America,  and  should  recite  and 
dlHCUBH  tilt*  facts  and  principles  on  which  such  delimitation  is  base<l. 

(3)  Kach  essay  should  show  into  what  series  (major  subdivisions)  the  system  has 
been  divided  in  various  jtarts  of  North  America,  and  on  what  facts  and  principles 
the  division  has  been  basetl.  If  these  subdivisions  are  not  uniform  in  all  parts  of 
the  continent  the  various  areas  of  exposure  should  be  classilicd  in  provinces,  and 
the  essays  should  show  whether  and  to  what  extent  the  scries  of  the  several  provinces 
can  be  I'orrelated  with  one  another. 

(4)  Kach  essay  should  show  whether  and  to  what  extent  the  subdivisions  of  the 
systen;  in  any  or  all  of  it-s  American  provinces  can  be  corn^latod  with  the  subdivis- 
ions of  the  system  in  Europe. 

{'))  Kach  essay  should  be  prepared  with  the  aid  of  a  comprehensive  review  of  the 
pertinent  literature,  so  as  to  ccmstitute  a  summary  of  the  material  at  present  avail- 
able for  the  major  taxonomy  of  the  system. 

((i)  The  names  of  systems  in  (1)  are  provisional.  Kach  essay  should  consider  the 
question  of  names  for  system  and  series. 

The  number  of  systems  is  likewise  provisional,  and  it  may  eventually  appear  that 
those  enumerated  in  (1)  are  not  coordinate.  It  was  ne«'essary  to  prepare  a  scheme 
in  order  to  ap])ortion  the  work  of  assemblin<r  the  facts,  but  after  thes4>.  have  been 
assembled,  their  discussion  may  lead  to  an  im])roMMl  N<-henie.  Provieion  will  be 
madt*  for  such  discussion  after  tin'  series  of  essays  lias  been  ])repared. 

(7)  The  ^(jueral  i)urposo  of  the  preparatirm  of  tlu*  series  of  es-^ays  is  threefold: 
first,  to  exhibit  in  a  summary  way  the  ])re.s<'ut  state  of  knowUMlj^e  of  North  American 
j^eolo^ic  systems;  second,  t^  formulate  the  jirinciples  of  geoloj^ic  correlation  and 
taxonomy;  third,  to  set  forth  from  the  American  standpoint  the  possibility,  or  the 
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impoaaibility,  of  using  in  all  ooun tries  the  same  set  of  names  for  strat {graphic  divi- 
sions  smaller  than  systems.' 

By  comparing  the  list  of  geologic  systemH  in  this  ^'  plan  "  with  the 
list  in  the  passages  cited  from  the  report  of  the  Director,  it  will  be 
observed  that  there  are  slight  discrepancies.  The  unsettled  problems 
of  nomenclature  thus  suggested  were  elaborately  discussed  by  a  con- 
ference of  the  geologists  of  the  Surrey  held  in  January,  1889,  for  the 
purpose  of  establishing  the  conventions  necessary  to  uniformity  in  the 
preparation  of  the  sheets  of  the  Geologic  Atlas  of  the  United  States. 
By  that  conference  it  was  determined  that  the  stratigraplnc  units  de- 
lineated on  the  sheets  of  the  geologic  atlas  should  be  designated  as 
formations,  that  no  stratigraphic  unit  of  a  higher  order  should  be  rec- 
ognized in  the  atlas,  and  that  the  only  term  of  classification  there  em- 
ployed should  be  the  geologic  "  period."  *  The  time-term  "  period  "  thus 
adopted  for  the  geologic  atlas  has  the  same  taxonomic  rank  as  the  strati- 
graphic  term  "  system ''  employed  in  the  "  plan  ^  for  the  instruction  of 
the  essayists  and  in  the  passage  cited  from  the  report  of  the  J)irector.  It 
was  preferred  by  the  geologists  of  the  conference  because  it  was  believed 
that  the  major  classification  expressed  by  either  term  is  essentially  arbi- 
trary and  does  not  find  in  nature  a  universal  expression,  cither  physi- 
cally through  lithologic  and  structural  differences,  or  biotieally  through 
the  differentiation  of  faunas  and  floras.  The  chronologic  term  seemed 
to  them  freer  than  the  stratigraphic  from  the  implicatiou  that  the 
classific  units  are  natural  and  general  rather  than  artificial  or  local. 

The  conference  likewise  indicated  and  defined  eleven  periods  to  be 
used  in  the  classification  of  the  formations  represented  in  the  atlas,  and 
designated  them  as  follows:  (1)  Pleistocene,  (2)  Neocene,  (3)  Eocene, 
(4)  Cretaceous,  (5)  Jura-trias,  (G)  Carboniferous,  (7)  Devonian.  (S)  Silu- 
rian, (9)  Cambrian,  (10)  Algonkian,  (11)  Archean.^  These  are  the  exact 
equivalents  of  the  ''systems"  enumerated  in  the  preceding  (]uotations, 
but  they  differ  somewhat  as  to  name. 

The  conventions  thus  adopted  for  the  work  of  thoOeological  Survey 
have  modified  and  controlled  the  work  of  the  division  so  far  as  they 
are  applicable,  and  the  substitution  of  "period"  for  "system"  has 
changed  the  point  of  view  of  the  essays  in  a  manner  conducive  to  their 
simplification  and  to  their  value  as  contributions  to  the  subject  of  cor- 
relation. 

Although  the  essayists,  working  under  the  same  general  instructions, 
have  had  before  them  the  accomplishment  of  tlie  same  purposes  with 
rei^pect  to  the  several  groups  of  formations  assigned  them,  no  attem])t 
has  been  made  to  mold  their  modes  of  treatment  in  a  common  form. 


'  This  plao  wm  publifthAd  in  tlie  Tenth  Annual  lioport  of  the  Siirvo}'  oa  part  uf  n  pm^retu  rt-port  <yf 
the  work  of  the  IMvision  of  Correlation  (pp.  108  113).  Further  report  of  profcrosH  uiay  be  found  iu  the 
Eleventh  Anuoal  Report,  pp.  50-42. 

>  Tenth  Annnal  Report  U.  S.  Geological  Survey,  pp.  63-65. 
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The  present  essay  employs  the  bistorisal  method  alike  in  tbe  siimman- 
xation  of  present  kaovledge  and  in  the  formulation  of  Uie  principlea  of  < 
geologic  correlation.  It  (pronps  ftots  and  opinions  as  to  Carbonireroas 
and  Devonian  formations  about  oertain  spedfto  pioblemi  of  ;Oorrelatlon, 
and  trftcea  the  history  of  the  discoa^on  of  each  proUem.  In  eonnfle- 
tion  with  the  historical  summarieti  there  is  much  incidental  dianiMlOB 
of  tlifi  priuoiples  of  oorrelation,  and  they  are  afterward  elaarilled  In  a 
closing  chapter.  The  author  concludes,  from  the  Ameiioan  atudpolnt, 
thai  in  a  Dniversal  olassi&cation  of  formations  it  is  not  piaotteable  to 
employ  clossiflo  nnits  smaller  than  periods. 

Very  respectfully,  your  obedient  servant, 

U.  K.  GiUHEST, 
OtoUtgiit  m  Okmrft. 
Hon.  J.  W.  Powell, 

J)irtctor  U.  8.  Qetiagieci  Surveg, 


OUTLINE  OF  THIS  PAPER. 


The  following  essay  is  a  hiHtorical  study  of  the  classifications  and  nomonclatnros 
of  geological  formations  in  America,  made  with  the  purpose  of  adcertainiug  bow 
satisfactory  correlations  have  been  made  and  upon  what  principles  they  have  hceu 
based.  For  this  pur])Ose  the  litt^rature  upon  the  whole  Paleozoic  for  the  first  40 
years  of  the  century  has  been  reviewed,  but  for  the  period  following  tlu^  publication 
of  the  Final  Re{>orts  on  the  Geology  of  the  State  of  New  York  (1H4'^-1844),  the  study 
has  lieen  confined  to  the  literature  of  the  Devonian  and  Carbon iff.nuiH  systems. 

In  the  course  of  the  historical  development  of  the  science,  and  as  the  geological 
surveys  have  extended  over  new  territory,  a  number  of  specific  problems  have  arisen 
for  the  solution  of  which  it  has  been  necessary  to  determine  the  relations  between 
standard  formations  alreaily  named  and  classified  and  those  n<'wly  discovered.  In 
this  essay  the  discussion  of  each  of  these  problems  has  Wen  foUowiid  ont  in  detail, 
the  various  attempts  at  correlation  have  been  noted,  and  the  methods  employed  and 
the  final  results  attained  have  been  traced  to  the  principhis  involved  in  their  dete.r- 
mination. 

The  following  problems  have  been  thus  discunsed  : 

(1)  The  general  correlation  of  the  Paleozoic  formations  of  eastern  North  America 
with  the  corre-spondiug  formations  of  Europe. 

(2)  The  determination  of  the  parallelism  between  the  upp4>r  Paleozoic  formations 
of  the  Appalachian  region  and  the  rocks  of  the  interior  of  the  continent  as  far  west 
as  the  Mississippi  Kiver. 

(3)  The  correlation  in  the  Northern  Appalnchian  region  of  the  various  subdivis- 
ions of  the  Coal  Measures  and  formations  innne<liately  underlying  them. 

(4)  The  problems  connected  with  the  corndation  of  tho  (/hemung  and  Cat  skill 
groups,  and  with  the  correlation  of  the  Waverly  and  Marshall  groups. 

(5)  The  elaboration  of  the  MisHiHsippian  series,  or  "SubcarlxuiiftTous''  formations 
of  the  Mississippi  Kiver  basin. 

(ti)  The  Permian  problem  of  Kansas  and  Nebraska. 

(7)  Tlio  correlation  problems  involved  in  classifying  (a)  the  formations  of  the  Aca- 
dian province,  and  (b)  the  formations  of  the  Rocky  Mountains  and  Western  Plateau 
provinces. 

In  the  discussion  of  these  various  problems  several  definite  stnges  in  the  develop- 
went  of  the  principles  of  correlation  have  been  recognized.  At  the  opening  of  the 
century  the  Wernerian  system  of  classification  was  generally  adopted.  In  this 
classification  the  mineral  characters  of  the  formations  were  regard<'d  ns  of  funda- 
mental importance,  and  constituted  the  chief  criteria  for  their  classitieutiou  and  cor- 
relation, and  the  order  of  deposition  was  supposed  to  be  indicated  by  the  actual  and 
relative  position  of  the  present  outx:ropping  of  the  strata.  The  theory  underlying 
this  latter  interpretation  was,  that  the  older  rocks  formed  the  core  of  the  ::ionntains; 
on  the  higher  part  and  at  an  inclination  were  formed  the  next  younger,  and  ns  the 
waters  dried  off  the  snrface  of  the  earth  the  successive  rocks  were  <lej)osited  at  lower 
and  lower  levels.  The  names  " Primary,"  "Secondary,"  ** Tertiary,"  and  *' Quater- 
nary "  preserve  the  memory  of  this  theory,  though  the  theory  itself  has  given  way  to 
the  more  rational  one  of  oscillation  of  the  crust  of  the  earth  itself^  with  TeUvl\\v\  x^Vw- 
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lulity  rif  tlir;  iiinaii  tiilu  levi*1  of  Ihfl  ooti.in.  The  correlationH  of  this  period  were  de- 
/Vctivc,  iHit  HI}  iiiiioh  on  account,  of  iiiiporfoct  obHf*rvation  aa  on  aci'oiint  of  incorrect 
llicorif'H.  "  K4!fl  HaiidHtono,*'  '^  Mountain  liineBtoup,"  **  Saliferous  moks,"  and  "  Gran- 
wa<'l<(;"  wftro  truly  found  in  Aniurica,  l)ut  tliey  wer«)  not  the  correlativeA  of  forina- 
iUniHHit  nauiAd  in  KiimiH),  becauHO  formations  pmHent  no  regularity  in  the  order  of 
MMjuoim*  of  tlicir  mineral  cliaracterH.  The  perfecting  of  the  New  York  ayateni  of 
ViiU'o/.tiir.  rockH  (pu1i}iMh«Nl  in  1842)  marks  practically  the  abandonment  of  the  Wer- 
ni^rian  Hr.liool  of  opinion  in  Amt^rica. 

The.  n(^coih1  stage  of  dovelopmont  t^>k  definite  shape  in  the  New  York  system. 
]''onnul.i(>nN  wore  ennnidered  as  holding  a  fixed  order  of  sequence,  but  diflferences  in 
tliirkn«'NH  or  even  in  com|ioHitlon  were  to  some  extent  allowed  as  compatible.  Still, 
a  ;;i'iMTa!  ^'paralleliNm  of  strata"  was  believed  in,  and  in  order  to  make  the  interpre- 
tation tit  the  f:u:tH, ''  gaps''  and  ''  interealations"  were  assumed.  The  application  of 
tiiis  principh^  4if  correlation  is  conspicuous  in  the  various  attempts  at  **  parallelism" 
iiiMiii^  ill  the  period  1H.1()-18(;0,  and  the  method  is  most  minutely  carried  ont  in  the 
HeiMiiid  Ceohigieal  Survey  of  Pennsylvania,  where  the  term  ''persistent  parallelism 
of  Ntrata"  is  named  and  deliiuMl.  FoHsils  were  used  in  those  correlations,  but  rather 
as  arliitrary  labels  which  were  of  value  only  when  exact  identity  was  recognized. 
TiiiH  bring  ran>ly  the  cane,  fossils  played  only  a  secondary  part.  This  principle  did 
iiiii  reach  .satiMfaetory  results,  because^  stratigraphic  order  and  stratification  itself 
olVcr  iii»  iiitriiiHie  eviden<M^  of  the  age  of  the  formation,  and  stratigraphic  structure 
was  foiiiul  not  t^  be  uiiiforinly  persistent  even  for  a  few  milef**  extent. 

In  tlit>  lirst  tiiiarter  of  the  century,  an  Knglishman,  William  Smith,  or  "Strata 
Siuith,"  as  he  was  <'alled.  advanced  the  idea  that  stnata  could  be  identified  by  their 
fossils,  and  fossils  have  ever  Kinoe  been  used  with  greater  or  less  success  in  identify- 
in>^  format  ions;  but.  when  the  fossils  are  not  of  the  SJUiie  but  of  kindred  species, 
ot  licr  ctMisidcrat  ions  have  been  brought  forward  to  establish  the  correlation.  Within 
the  last  'JO  years  fossils  have  begun  to  Im^  us4m1  (ui  the  principle  that  they  contain  in 
tlicniMrlvj's  intrinNic  evidence  of  their  relative  age. 

And  lliis  brings  iis  to  the  third  stage  in  the  development  of  the  methods  of  correla- 
tion in  which  fossilN  a«isinne  the  chief  role,  rndi'rlying  these  correlations  are  the 
folU>w  ing  considerations:  (Jeologie  t'onnations  in  their  iiiiiieral  and  lithologi<;  com- 
]tosi(ion.  their  strati>;ra]diie  and  struct nral  eliaractei-.s,  ami  as  to  their  limitations 
aie  ii-eoujni/ed  as  striiMly  local  formations;  lu'Ui-e  tlie  j»rin»ary  prinoiidi'  is  that  none 
of  these  characters  can  l»e  relie»l  npon  for  the  coirelation  of  tbrinations  4if  ditlereiit 
loi'alities.  Secimdly.  fossils  are  reco«;ni/iMl  a^  remains  of  organisms  which  possess 
genetic  relationship  :  ami  the  spjiitii*  ami  varietal  eharai'ters  i»f  the  organisms  are 
lielie\ed  to  he  indieatiiuis  of  I  he><e  atliniiicN;  and  with  evolution  in  time  and  niodili- 
catiiMi  » i»i»!iliu.iti'  with  elinniicjl  romlition  t»f  «ii\  ironiiient,  the  organisms  are  bt*lieved 
to  he  i'\iiemel\  stMisiti\i"  indicators  of  tinii'  relations.  IMms  thi»  minute  and  exhaiirt- 
ti\  e  » iMinMiatiN  e  s!iid\  of  t\>s«.i Is  in  thi-ir  stratiirrapliie  and  ;:eographio  rt^lntions  is 
n«'w  inoN-.u:;  to  In-  not  only  the  best  hut  the  only  reliable  i;nide  to  correlation  of 
;;«  oli»i;i.    ti'inut  lon^. 

riu"  en.  luMor.N  re.u'lM'd  tVoin  this  liisiorie.il  siiulv  eonnrm  tlie  belief  that  the  de- 
s»npt.»Mj  :i!;d  n-»men«  laf.iie  ol'  ".trm-iur.il  i'.»M:;atio:is  sli.mld  be  «juite  indi>pendent  of 
t1:«  ii  iiMie!  ji  o  ■.«.  ar.il  ih.ii  preiision  in  «t»ru!.if.«M.  nr.'.-t  In-  l»:iM*d  iip«'ii  mature  and 
e\'*.  .  -t'.Ni-  "i* ;'.»'.»'.:!. 'h»u"«'  -in.i\.  (hit  ilii  lir.i-  >c.ri^  mr.s:  lu'  ma-le  imleiifiidentlv  of 
Tlie  st: .:.  i::;»«  ^^  .1'.,..  .i;,,]   \].,ix   •];,.  [y,-;,-  N..,!e  itf  coi  nl.it  ;o:i  is  ba-^ed  fiindamentallv 

r'l.  :  \i>:  .,1:,^;  '.'  I. is  :.•  '1..^  i":ii:'i!r  «  .>'.^'.'>  :'!  -  :!.  i!  a-*  ■...>i!ie'.:. 'ati;r«'  finds  its 
ha-  ■*  ir.  ^.»'.;  o  .•.•.::   :  •»  \   v*.r.  i   :•  ;-»  ft"  '.l.e  :'    '  _:>  '   \:-.  •'..  "       .•■•"••   'it' 'i.  hit  urt  for 

ti':".:..i:  i*'.".  :>  :':':i.k*  V..  il '.. .  s  ;..  ^  ::.,  .•..:'..:%  ,  ,!  .r.  .,.:i  :s  .^t"  :\'r..Mt  :.^:;-  ar-'  local  and 
l..i\f  :..'\\-  :  ^  10  .':o  w:[V.  i'mi^;'.  :;'•''«'   '.•  "•  :■.«■'.:   ;r..'.   ::   iT    .•;    "     .    '.: .    •*'•  'li^^ihcation 

ft  ... 

<  .r.-.  ".  c  ■..'.''•N«  ii  Tev  e:i'.\  :':.:\v.^"';  ;i-.  tv". -,.>•.  se  j..  •".■.,  >■  ..,,  ...*'  :i.,-  t^issi'.s.  and  is 
:•..■}  ;^'  .  .iV\  to  j;c  .•!^'i::iMl  s::ii,  t;i:i'.  >::.i:;^ia;Oi>  .  .-r  :•  ■ .:  .1:  ^  :.. 


THE  DEVONIAN  AND  CARBONIFEROUS  FORMATIONS 

OF  NORTH  AMERICA- 


By  Henby  S.  Williams. 


INTEODUOTION. 

THE  STATE  OF  OPINION  AT  THE  BEGINNING  OF  THE  PRESENT 
CENTURY  REGARDING  THE  CLASSIFICATION  AND  NAMING  OP 
GEOLOGIC  FORMATIONS. 

THE  STATE  OF  GEOLOGICAL  OPINION  PRIOR  TO  1835. 

Upon  reviewing  tbe  works  of  geologists  written  in  the  early  part  of 
this  century,  we  find  a  very  well  marked  school  of  opinion  pervading 
all  the  works  of  English  and  American  geologists,  who  published  their 
works  prior  to  the  year  1835.  A  gradual  change  was  taking  place  10 
years  ]before  this,  but  it  was  not  until  after  1835  and  about  1840  that 
the  new  school  of  opinion,  as  expressed  in  modern  classification  of 
geological  deposits,  became  generally  adopted. 

The  prominent  English  text-books  upon  geology  which  appeared  prior 
to  that  date  are  those  of  Maclure,  1817 ;  Maculloch,  1821 ;  Eaton's 
"Index,"  1820;  "Erie  Canal  Rocks,"  1824;  Conybeare  and  Phillips, 
1822;  Lyeirs  "Principles,"  1830;  De  la  Beche,  first  edition,  1831. 

All  these  books  are  based  upon  the  general  principle  for  the  propa- 
gation of  which,  if  not  for  the  entire  origination  of  the  idea,  Werner  is 
distinguished.  This  idea  which  characterized  the  Wernerian  school 
consisted  fundamentally  in  the  attempt  to  classify  geologic  deposits  by 
the  minerals  which  they  contained  and  their  petrographic  characters. 

Abraham  Gottlob  Werner  (1750-1817),  who  has  been  called  the  father 
of  German  geology,  was  undoubtedly  the  founder  of  the  classification 
of  rocks  into  formations  arranged  in  stratigraphic  order. 

Although  his  "  theory  of  formations  "  has  been  superseded  by  other 
theories,  the  proposition  that  the  crust  of  the  earth  is  divisible  into 
formations  and  that  these  formations  have  a  regular  order  of  sequence 
in  relation  to  one  another  is  at  the  very  foun<lation  of  modern  geology. 

Werner  was  an  enthusiastic  teacher,  but  he  wrote  litth^,  and  we  are 
obliged  to  look  to  the  writings  of  his  pupils  and  their  followers  for  an 
exposition  of  the  views  which  formed  the  basis  of  geoVogiviaX  ^ca!I6iv\^  vsX 
the  beginninjr  of  tbe  XIX  centuryt 
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111  the  Edinburgh  Eucyclopa)c1ia^  there  is  an  exposition  of  his  yiews 
which  >Yill  serve  our  present  purpose. 

The  autlior  divided  the  science  of  mineralogy  into  two  divisionBy 
geognosy  and  oryctognosy.    He  said: 

(icolo>;y,  according  to  Werner,  coniprehoiMlH  not  only  geoguoay  bat  also  geogra])by, 
h,v(1n>;;r:i)>liy,  nict'Corolo'^y,  and  ^eoguny.  Geognosy  makes  us  acquainted  with  the 
HtriK^riiro,  relative  poHitiun,  niateriiils,  and  mode  of  formation  of  the  mineral  maiMMM 
of  ^vbicli  tbo  crutit  of  tbe  earth  ia  composed. 

WKKNKU'8  SY4TKM. 

In  L740  De  Maillet  maintained  that  the  globe  was  composed  of  strata 
8ucco8sively  deposited  one  over  another,  by  the  sea,  which  gradually 
retired  and  iincovereil  the  present  continents.  This  view  was  adopted 
by  Liniiieus.  Buffou  accepted  it  also,  in  part^  so  far  as  regarding  super- 
ficial strata  as  the  deposition  from  water.  It  played  a  conspicuous 
l>art  in  Werner's  system. 

Werner  had  severiil  pupils,  of  whom  some  of  the  more  prominent  are 
Mohs,  Charpentier,  Biich,  liautuer,  Freisleben,  Uumboldt,  Steppen, 
Kngolhart,  Esmarck,  D'Andrada,  Brocchi,  De  la  Kio.  In  the  article 
before  us  we  find  Werner^s  system  discussed  under  the  following  heads: 
"  Werner  on  the  structure  of  the  crust  of  the  globe."  Then  follow  the 
subdivisions: 

1.  ()ri/;inal  oxt-ent  of  tbo  forniations. 

2.  Tlieir  presi>nt  extent  and  continnity. 

It.  Position  mid  direction  of  strata  in  relation  to  fnndaniental  rocks. 
4.  Position  .'ind  direction  of  Htrat:i  theni.selv*'8. 

3.  Ki'lation  of  the  ont«;oin;;s  ( oiiterop")  of  the  strata  to  the  exterior  of  mountains. 

irnder  the  first  head,  **  the  original  extent  of  formation,"  Werner  dis- 
tinguislied  as  "universal  formations"  those  that  extend  around  the 
whole  globe  (not,  however,  without  interruption),  and  constitute  by  far 
the  greater  mass  of  the  erust  of  the  earth.  Almost  all  the  I'rimitive, 
Transition,  and  Secondary  formations  are  *' universal  depositions."  Of 
these  the  following  are  named:  ''Ciranite,  (Jneir^s,  Pori)hyry,  Lime- 
stone." *'  Partial  formations,"  of  which  sandstones,  limestones,  shales, 
etc.,  are  examples,  were  deposited  only  in  i)articular  places,  and  were 
due  to  lake  or  Hood  sediments.     The  author  wrote: 

The  spheroid.i]  ti<;iire  of  the  earth,  it.s  crystalline  and  stratiiiud  structure,  and  its 
nunuroMs  peti  ifactions  are  j)roofs  of  its  ori;;inal  lliiidity.  The  liuidity,  according  to 
AVrrmr,  was  a(|ii<'ous,  and  ho  conJeeHiri'M  tliai  th<'  various  rocks  were  originally  sus- 
lM-nd«'d  or  dissoivetl  in  water,  and  gradually  d»'pi»>iled  from  it*'^ 

Two  grand  epochs  are  recognized  in  his  system,  first,  "the  Primitive, 
c<Mitaining  no  ibssils  or  organic  remains,  always  below  the  other  rocks, 
and  wholly  of  chemical  origin."^  *' Second,  the  JSecondary:  these  rocks 
were  formed  posterior  to  the  creation  of  organize<l  beings."     The  roc».ks 


'Till'  K«liiil»iiii;h    Knrj  vlnpii-ilia.  roml'ii  trd  l»y  Daviil   r.ivv.^t^T,  l.h.  l«.,  K.  ic.s.     1H12-1831.     Arlicto 
'■  Afim-Liliiiry.  "  iiif'purrti  hy  VtoW  KoImtI  .I;iiiu»Hon.  l».  i»..  r.  K.  t^.,  L.,  ami  r..,  j»rolVsnur  uf  iiAtural  history. 
Lilinhiir::!,.     Fust  Amviknn  edition,  li>U'J,  vol.  SJll. 
*Op.tit.,p,  i:i7. 
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of  this  groap  which  resemble  the  first  group,  bat  contain  fossils,  are 
called  '^Transition''  by  Werner,  and  '^ Intermediate''  by  other  geol- 
ogists.   The  Secondary  are  called  "  Floetz." 

In  addition  to  these  two  grand  epochSi  there  were  recognized  by  some 
geologists, 

(3)  The  Tertiary,  including  the  upper  part  of  the  Secondary  cla^sof 
Werner,  which  is  distinguished  as  containing  the  remains  of  quudru- 
IMhIs; 

(4)  An  Alluvial  class,  consisting  of  gravel,  sand,  clay,  marls,  recog- 
nized by  its  resting  upon  the  previously  mentioned  class;  and 

(5)  The  Volcanic  class,  the  rocks  of  which  were  undoubtedly  i)roduced 
by  fire. 

In  general,  Werner  believed  all  rocks  were  formed  from  one  and  the 
same  solution  by  deposition,  either  chemical  or  mechanical.  These 
<^  depositions  "  were  made  at  various  heights  determined  by  the  gradual 
departure  of  the  water  as  it  evaporated  or  sank  away  into  cavities  in 
the  earth.  But,  to  account  for  the  formation  of  the  '^  ISecondary  trap  " 
and  certain  '^  Primitive  porphyries,"  new  inundations  were  iissumed  to 
have  taken  place.^  In  his  system  there  were  series  of  formations,  and 
each  series  was  denominated  a  ^'  suite; "  thus,  there  were  eight  of  these 
suites,  called — 

1.  Limestone  formation  saite. 

2.  Slate  formation  suite. 

3.  Trap  formation  8uit«. 

4.  Porphyry  formation  suite. 

5.  Gypsnm  formation  suite. 

6.  Salt  formation  suite. 

7.  Coal  formation  snite. 

8.  Serpentine  formation  suite. 

Thus,  ''the  limestone  formation  suite"  consists  of— 

1.  White  grannlar  limestone  in  the  Primitive  class  (with  large,  granulnr,  distinct 
concretions). 

2.  Variegated  limestone  in  the  Transition  rocks,  having  '^  less  translucidity, ''  and 
containing  the  first  traces  of  petrifactions. 

3.  The  gray  Floetz  limestone,  scarcely  translucent  on  edges,  and  full  of  petrifautions, 
and  found  in  the  Floetz  or  Secondar;-  rocks. 

4.  Chalk. 

5.  Limestones  and  marls  of  the  Paris  Basin. 

6.  Calcareous  tuff. 

In  these  series,  extending  from  the  earliest  to  the  latest  ])eriod,  there 
is  a  gradual  disappearance  of  the  crystalline,  and  agrailual  increase 
of  the  earthy  aspect,  '^  corresponding  with  the  relative  age  of  the  dif- 
ferent members  of  the  series,  and  the  state  of  the  solvent  from  which 
they  were  precipitated,  and  all  serving  as  proofs  of  the  immensely 
great  but  gradual  alteration  of  the  state  of  the  universal  waters." 
^^  Quietness  of  the  water"  was  the  chanicteristic  at  iirst,  and  as  the 

'Op.  oit., p.  436. 
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waters  shallowed  they  were  more  distarbed,  and  the  randtiiig  rooks 
were  less  crystalliiie  and  more  earthy ;  and,  lastly,  the  earthy  limeatonM 
as  a  result  of  exposure  of  the  rooks  to  erosion  by  withdrawal  of  the 
waters. 

Another  point  oonspicaons  in  his  theory  is  that  regarding  the  actual 
positioii  of  the  rocks  as  indicative  of  the  age  when  they  were  finmed. 
lu  deHcribing  each  of  these  formation  series  we  iind  the  following  aen- 
teuce,  ^<  with  sinking  levels  of  the  ontgoiugs  of  the  newer  and  newer 
strata. " 

The  following  exhibits  Jameson's  idea  of  the  olassiflcationi  which  ia 
apparently  an  ampliflcation  of  the  scheme  taught  by  Werner. 

1 
OLAasas  OF  bocks. 

Glass  I.  lVimie{t;0£ocl».—Urgebirge  of  Werner;  Terrains  primitilb 
of  Daubaisson. 

Those  formed  antecedent  to  that  of  the  creation  of  organic  beings. 
Chemical  formation,  no  fossils,  under  the  Floetz  or  Transition. 

The  rocks  of  this  class  are — 

1.  Granite,  with  syenite,  protogene  topai  rock. 

2.  Gneiaa,  and  varietieB  of  white  atene. 

3.  Mica  slate,  and  varieties  of  talc  slate. 

4.  Clay  slate,  Thonsohiefer,  with  alum  slate,  flinty  slate,  eto. 

5.  Grauular  limestone,  and  primitive  gypsum. 
G.  Primitive  trap. 

7.  Serpentine  and  euphotide. 

8.  Porphyry. 

9.  Quartz  rock. 

Class  II.  Transition  Kocks. — Ueberganprgebirge  of  Werner. 
Contaius  fossils,  is  less  crystalline  than  the  Primitive,  and  interposed 
between  tbe  Primitive  and  Secondary. 
The  rocks  are — 

1.  Grauwacke,  Womer;  Psammite  of  Brongniart. 

2.  Transit iun  limestone. 

3.  Granite  and  porphyry. 

4.  Gneiss,  mica  slate,  eto. 

5.  Serpentine, 

6.  Quartz  rock. 

7.  Ked  sao/ilstone. 

8.  Transition  trap. 

9.  Gypsum. 

Class  III.  Secondary  or  Floetz  rocks. — Floetzgebirgo  of  Werner; 
Secondary  or  Floetz  rock  of  Jameson  ;  Terrain  secondaire  of  Daubais- 
son. It  rests  on  Transition  or  Primitive,  is  less  crystalline,  has  many 
fossils. 

The  principal  Secondary  rocks  are^ — 

1.  Sandstone. 

2.  Limestone. 

3.  Gypsum. 

4.  I'rap  rook* 
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1.  Sandstone :  Conglomerate,  Breccia,  including — 

Fint  or  Red  sftDdstone,  witk  the  coal  formatioD|  or 
Old  Red  BMidsUme  of  Janieaon, 
Aelter  rother  Sandstein  of  Werner. 
Rothe-todte-liegende  of  German  miners, 
QthB  ancien  of  Daubatsson. 

The  coal  formation  is  the  ^^  coal  measures  ^  or  <<coal  fields  ^  of  the  Eng- 
lish miners,  the  ^^Steiukohlengebirge"  of  Werner,  <*  Terrain  houiller" 
of  Daubuisson,  '<  Terrain  ^  charbon  de  terre"  of  older  French  writers. 

It  includes  coal,  slate,  sandstone,  quartz  rock,  clay,  trap,  graphite. 
Coal  is  either  black  coal  or  <'  glance  "  or  ''  blind.''  The  coal  formation 
rests  on  the  Mountain  limestone  or  Bed  sandstone,  and  underlies  the 
Magnesian  limestone. 

The  second  sandstone  is  the  !N'ew  Bed  or  Variegated  sandstone,  the 
^^  bunter  Sandstein  "  of  Werner, ''  Ked  Ground"  of  English  geologists, 
*^New  Bed"  of  Buckland,  <'New  Ked  or  Variegated  sandstone  "of 
Jameson.  The  second  formation  of  '*  gr^s  "  and  "  grbs  avec  argil,"  and 
^^  gr^  bigarre."    It  rests  upon  the  second  or  Magnesian  limestone. 

The  third  sandstone  formation,  ^' Green  Sand"  of  Pjnglish  geologists, 
'<  third  sandstone  formation  "  of  Jameson  and  Daubuisson,  ^<  Quader- 
sandstein  "  of  Werner.  It  rests  upon  the  upper  Oolite,  and  is  covered 
by  the  chalk. 

The  fourth  sandstone  formation  is  associated  with  the  rocks  that  rest 
upon  the  chalk. 

2.  Secondary  or  Floet;^  limestone :  There  are  five  of  these,  called  first, 
second,  third,  fourth,  and  fifth  secondary  limestones. 

The^ir^^  secondary  limestone  of  Jameson  is  the  '^Alpine  and  Jura 
limestone  "  of  the  Germans  and  some  French  authors,  ami  the  <^  Moun- 
tain limestone"  of  English  geologists.  In  regular  succession  it  comes 
after  the  Old  Bed  sandstone. 

The  second  secondary  limestone  of  Jameson  is  probably  the  '^  Erster 
Floetz  Kalkstein"  of  Werner,  the  <' Magnesian  limestone"  of  English 
authors,  and  rests  upon  the  coal  formation. 

The  third  secondary  limestone  of  Jameson  is  the  '^Muschel  Kalkstein" 
of  Werner,  '*  Oolite,"  of  Buckland,  "  Lias  and  Oolite,"  of  others. 

The  fourth  secondary  limestone  is  the  "Chalk,"  the  "  Kreidegebirge" 
of  Werner,  and  rests  ui>on  the  third  sandstone. 

The  fifth  secondary  limestone.     (See  the  <'  Paris  formation.") 

3.  The  Secondary  Gypsum  of  Jameson,  the  '*  Floetz  Gyps"  of  Werner. 
This  included  the  first  and  second  gypsum,  also  the  "  Steinsalzgebirge," 
of  Werner.  In  this  second  class  were  also  included  the  formations 
above  chalk,  or  the  Paris  formation,  the  <<  Terrain  Tertiare  "  of  Dau- 
buisson, which  includes  seven  different  beds. 

Class  IV.  Alluvial  rocks. 

Up  to  the  end  of  the  first  quarter  of  the  century  very  little  knowledge 
was  possessed  of  the  characteristic  fossils  coutuiaed  mg«o\o^\^!X)\^^- 
BuU.  80 2 
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posits.  William  Smith,  as  all  geologists  kDow,  early  Id  the  oentaiy 
recognized  the  importance  of  fossils  in  identifjing  geologieal  depoeits, 
and  as  early  as  1812  a  map  of  England  and  Wales  was  prq[Mtf8d  by  bim 
with  the  order  of  the  geological  deposits  marked  upon  it,  and  it  was 
known,  by  Willuim  Smith,  at  least,  that  the  several  strata  were  chfir- 
acterized  by  different  organisms.  The  order  of  these  deposits  was 
known  by  him,  and  a  table  was  drawn  ap  in  1709,  some  improvemeiita 
were  made  in  his  map  and  in  his  table  in  1815  and  1810,  and  in  1815  a 
small  treatise  was  published  by  Smith,  entitled  <<  A  Ctoologieal  Table  of 
British  Organized  Fossils,"  which  identified  the  course  and  oontinaitj 
of  the  strata. 

It  will  thus  be  seen  that  in  the  earliest  decade  of  the  oentary  thete 
was  one  man,  at  least,  who  recognized  the  importance  of  fbssils  in  de- 
termining and  correlating  geological  strata.  The  methods  of  Smith 
were  applied,  however,  no  lower  than  the  Oarboniferons  system,  and  it 
was  not  until  later  that  they  were  adopted  as  a  general  principle  fiir  the 
classification  and  systematization  of  the  whole  geologic  oolamn. 

Although  fossils  were  recognized  as  important,  they  were  so  pooriy 
understood,  and  so  few  individuals  studying  geology  had  any  aoonrale 
knowledge  even  of  their  generic  characters,  that  they  wenrof  very  aUght 
service  in  correlating  strata. 

Mineral  characters,  therefore*  played  the  principal  part  in  all  the 
classifications,  correlations,  and  even  nomenclatures  of  the  geologists  of 
the  first  quarter  of  this  century. 

Much  confusion  is  found,  also,  in  the  attempts  to  generalize,  on  ac- 
count of  ignorance  of  the  true  means  of  correlating  the  strata  that 
cropped  out  in  different  regions.  The  early  names  used  indicate  the 
principles  of  these  classifications,  such  as  ^<  Granular  limestones,"  ^^Ar- 
gillite,"  ** Grauwacke,"  ''Old  Red  sandstone,"  "Oolite,"  "Cretaceous," 
"  Magncsian  limestones  ";  and  a  groat  many  others  could  be  enumer- 
ated. These,  it  will  be  seen,  are  all  names  indicating  the  usage  of  min- 
eral characters  for  the  distinction  of  the  strata,  independent  of  their 
locality  and  independent  of  their  order  of  sequence  or  position  in  a  ver- 
tical scale. 

In  order  to  change  this  system,  it  was  necessary  that  a  careful  study 
of  fossils  be  made,  that  their  biological  relations  be  clearly  understood, 
and  that  their  characters  be  geographically  and  geologically  known. 
The  classification  of  the  geological  deposits  for  England  was  fairly  well 
understood  for  the  Mesozoic  and  higher  strata  as  early  as  1822,  but  the 
lower  strata,  the  Paleozoic  series,  as  we  now  understand  it,  were  not 
well  understood  prior  to  the  works  of  Murchison  and  Sedgwick  and 
their  associates.  Murchison's  "Silurian  system"  was  not  published 
till  1839,  and  the  classification  of  the  Paleozoic  series,  although  studied 
by  English  and  Americans  between  1830  and  1840,  can  not  be  regarded 
as  having  been  fully  understood  by  geologists  until  about  the  year  1840. 

A  glance  at  the  general  system  of  classification  in  the  early  text  books 
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will  give  the  best  idea  of  the  state  of  opinion  in  this  first  i>eriod  of  geo- 
logical science.  The  rocks  were  classified  at  the  beginning  of  the  cen- 
tury by  the  Wenierian  school  into  Primary  and  Secondary  rocks ;  the 
Idea  contained  in  this  distinction  was,  for  the  first,  those  rocks  which 
were  originally  deposited  from  chemical  solution  and  by  evai>oration 
from  the  ocean  waters,  and  the  Secondary  were  those  which  were  pro- 
duced by  water  erosion  and  reshaping  of  the  Primary  rocks,  and  depo- 
sition of  the  sediments  above  them.  In  the  Secondary  series  fossils 
were  observed,  but  the  Primary  series  was  supposed  to  have  been  laid 
down  before  the  existence  of  organisms  upon  the  earth.  As  observa- 
tions accnmulated,  the  rocks  called  Primary  were  found  to  include  some 
which  are  now  placed  in  the  Paleozoic  series.  The  name  Transition 
Ciime  into  use  as  a  designation  for  the  rocks,  which  were  known  to  be 
stratified  and  occasionally  to  contain  fossils,  occupying  a  position  be- 
tween the  original  Primary  and  Secondary  formations.  The  Germans 
applied  the  name  *<  Grauwacke  "  to  this  Transition  series,  and  we  find 
in  Eaton's  classification,  as  presented  in  his  <' Index  to  the  Geology  of 
the  Northern  States,"  bis  ^'  Erie  Canal  rocks,"  and  his  other  pai>ers,  the 
use  of  the  term  <'  Grauwacke  "  in  a  sense  which  is  difTerent  from  that 
originally  applied,  but  one  necessitated  by  the  discovery  of  the  same 
kind  of  rocks  at  undoubtedly  difiercnt  horizons.  The  '' Grauwacke" 
of  Eaton  was  spoken  of  as  "  First,"  "  Second,"  and  "  Third  Grauwacke," 
etc.,  and  we  find  him  identifying  the  great  mass  of  the  rocks  of  western 
New  York  as  belonging  to  the  "Third  Grauwacke,"  which  he  placed  in 
the  Secondary  class.  This  *' Third  Grauwacke"  is  placed  above  the 
Carboniferous,  and  also  above  the  "  Saliferous  rocks,"  a  name  which  he 
used  to  represent  the  English  Saliferous  group,  but  which  lie  identified 
with  the  Onondaga  Salt  group  or  Salina  of  the  New  York  system.  This 
was  placed  above  the  Conglomerates  in  the  order  of  sequence  because 
the ''  Millstone  Grit,"  which  they  were  supposed  to  represent  in  the 
English  series,  was  below  the  New  Red  sandstone. 

The  imperfection  in  the  methoils  of  correlation  of  this  time  is  well 
illustrated  by  Eaton's  identiOcation  of  the  "Old  lied  sandstone"  in 
New  York. 

In  "Erie  Cnnal  rocks,"  1824,  "Old  Ked  sandstone"  is  placed  at  the 
top  of  the  "Transition  class."  It  included  the  "  lied  sandstone  of  the 
Connecticut  liiver,"  and  the  "  lied  sandstone  of  the  Catskill  Moun- 
tains," and  in  1820  he  reported  the  "Old  lied  sandstone"  as  outcrop- 
ping in  the  Niagara  gorge. 

This  example  shows  that  the  color  and  composition  were  the  basis  of 
correlation,  and  that  the  belief  that  the  order  or  sequence  of  formations 
must  be  the  same  in  New  York  as  in  Great  Britain  led  to  the  erroneous 
classification. 

This  confusion  is  due  not  so  much  to  poor  observation,  which  Eaton 
can  not  be  charged  with,  as  to  erroneous  theories  which  were  common 
to  geologists  in  his  time.    The  recognition  of  the  positiou  i^i  Uv^  C'di\- 
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boniferons  in  the  Paleozoic,  and  its  lelation  to  ^  Old  Rad 
and  ^'  New  Bed  sandstone,'^  are  two  distincfc  iasnea.  StfatigrapMcally, 
the  relation  of  the  Coal  Meaenm  and  its  aeiociated  OariMNufamn 
limestones  and  Millstone  Grit  with  the  Old  Bed  sandBtone  below  and 
the  yew  Bed  sandstone  above,  was  well  established,  bat  the  divisiOB 
line,  wbicU  separates  onr  Paleocoic  from  Mesoomc,  was  not  drawn  until 
the  fossils  had  been  carefiilly  stodied. 

OrigiDallj,  and  beginning  with  the  works  of  Bakewdl  and  De  la 
Beehe,  and  Gonybeare  and  Phillips,  above  mentioned,  the  Carbonite^ 
ons  Coal  Measures  were  associated  with  the  Secondary  rocks  of  Wer- 
ner, and  we  find  in  the  latter  work,^  which,  it  will  be  noticed,  was  pub- 
lished in  1832,  that  the  ^*  Old  Bed  sandstone''  in  part  is  also  included  in 
what  \H  called  the  **  Medial  or  Carboniferous  order."  This  was  the  first 
step  toward  the  modem  classification  into  Paleozoic  and  Mesozoic 
By  the  majority  of  geologists  for  several  years  later  than  1822,  the  Old 
Bed  sandstone  and  the  Carboniferous  were  included  in  the  Secondary, 
and  the  rocks  below*  were  placed  iu  the  Transition  or  Orauwacke  of 
the  older  classifications. 

It  was  John  Phillips'  who  first  clearly  conceived  the  importance  of 
associating  the  Carboniferous,  the  Devonian,  and  the  Magnesian  lime- 
stones together,  and  separating  them  from  the  rest  of  the  New  Bed 
formation,  to  form  the  upper  part  of  the  Paleozoic  strata.  This  brought 
the  (lemarkation  between  the  ancient  (Paleozoic)  fauna  and  the  middle 
(Mesozoic)  fanna  at  the  top  of  the  Permian,  or,  in  England,  at  the  top 
of  the  Magnesian  limestones;  and  the  distinction  was  based  purely 
upon  the  study  of  the  contained  fossils.  This  was  first  suggested  in  the 
articles  in  the  Penny  Encyclopedia,  in  1840  and  1811,  entitled  '^Paleo- 
zoic  Hocks"  an<l  '<  Saliferous  system,"  and  the  statement  that  Phillips 
is  responsible  for  so  extending  the  Paleozoic  is  given  in  his  "  Paleozoic 
Fossils."*  The  term  "Paleozoic"  was  suggested  by  Seilgwick  to  take 
the  place  of  '^  Protozoic,"  the  term  which  Mnrchison  applied  to  the 
rocks  described  in  his  "  Silurian  system,"  and  which  were  regarded  as 
belonging  to  the  Transition  strata  of  the  Weruerians. 

Thus  it  will  be  seen  that  the  grand  distinction  between  Mesozoic  and 
Paleozoic,  as  now  iiuderstood,  was  entirely  determined  by  the  fossils. 

The  study  of  the  Devonian  rocks,  and  the  determination  of  their 
position  by  Lonsdale  in  1837,  furnish  another  example  of  the  applica- 
tion of  paleontology  in  perfecting  classification.  The  rocks  themselves, 
their  stratigraphy,  their  relations  to  other  rocks,  had  been  carefully 
studied  by  Mnrchison  and  De  la  Beche,  and  by  nnmerons  others  in  a 
more  irregular  way,  prior  to  1838,  but  the  identification  of  their  fossil 
contents  by  Ix)nsdale,  and  their  comparison  with  the  fossils  of  other 
formations,  made  it  possible  for  him  to  assert  positively  that  the  posi- 

'  (/'onyhftare  ancl  IMiillips'ii  Goolojiy,  etc. 

'TIic  Siliiriau,  rHmtiriAn,  hikI,  an  wo  see  in  De  la  Beoho,  the  Dflvnnian  ajfttems. 

*  Author  of  'Taleozolo  FomUb  of  Cornwall,  Devon,  and  West  Somerset,"  published  tn  18IL 


1 


PALEONTOLOGT  AND  GEOLOGY. 


21 


tion  of  the  DeyoDian  rocks  chronologically,  in  the  geological  series,  is 
between  the  Silurian  system  of  Murchison,  and  the  Garboniferons  sys- 
tem of  Conybeare,  heretofore  regarded  as  of  the  Secondary  strata  of 
Werner. 

The  demarkation  of  the  Paleozoic  by  its  fossils  which  we  owe  to 
PhiHips  and  the  determination  of  the  intermediate  position  of  the  De- 
vonian system  by  Lonsdale  were  two  conspicuons  examples  of  the  ines- 
timable Talue  of  fossils  for  geologic  correlation.  Heretofore  the 
methods  of  the  Wernerian  school  were  dominant  in  all  geologic  classifi- 
cations and  correlations.  Afterward  in  English  and  American  geology 
paleontology  became  the  indispensible  ally  of  stratigraphic  geology. 


OnATTER    I. 

THE  HISTORY  AND  DEVELOPMENT  OF  OPINIONS  REGARDING 
THE  CLASSIFICATION  OF  ROCKS  IN  THE  UNITED  STATES  FROM 
THE  TIME  OF  WILLIAM  MACLURE  TO  THE  COMPLETION  OP 
THE  GEOLOGICAL  SURVEY  OF  THE  STATE  OF  NEW  YORK, 
1809-1843. 

An  article  appeared  in  tbe  Trans.  Am.  Phil.  Soc.,  in  the  year  1809|^ 
which  is  among  the  earliest  careful  expositions  of  the  systematic 
arrangement  of  the  rocks  of  Kortli  America,  if  not  the  very  earliest.' 

The  classiQcation  adopted  by  Maclure  is  the  Wernerian,  and  he  de- 
fends the  usage  of  this  system  by  the  following  arguments':  ^^First, 
because  it  is  the  most  i>erfect  and  extensive  in  it«  general  outlines ; 
and  secondly,  the  nature  and  relative  situation  of  the  minerals  in  the 
Unite<l  States,  whilst  they  are  certainly  the  most  extensive  of  any  field 
yet  examined,  ma3'  perhaps  be  found  to  be  the  most  correct  elucidation 
of  the  general  exactitude  of  that  theory  as  resi)ect8  the  relative  i)ositioQ 
of  the  different  series  of  rocks." 

The  following  is  the  nomenclature  adopted:^ 

CLAS8  1.  Primitive  rocks. — (I;  Uranite,  (ii)  Gneiss,  (3)  Micaslato,  (4)  Clay  slate,  (5) 
Primitive  liiiieHtono,  (it)  J*riniitivc  trap,  (7;  SorpontiiH',  (H)  I'orphyry  (9)  Syeuite, 
(10)  Topaz  rock,  (11)  Quartz  rock,  (1*2)  rriiuitivc  tlinty  slate,  {W)  Primitive  gypsum, 
(14)  White  Htono. 

Class  2.  lyansition  rovls.—(\)  Transition  limestone,  (2)  Transition  trap,  (3)  Grey- 
wacke,  (4)  Transition  llinty  slnte,  (f))  Transition  gypsum. 

Class  3.  Floetz  or  Sevomiary  rocks. — (1)  Old  R04I  sandstone  or  first  sandstone  forma- 
tion, (2)  First  or  oldest  Flortz  limestone,  (3)  First  or  oldest  Floetz  Gypsum,  (4) 
Second  or  Variegated  sandstt)ne,  (Ti)  Second  Floetz  gypsnni,  (t»)  Second  Floetz 
linM'stone,  (7)  Third  Floetz  sandstone.  (^)  Kock  Salt  formation,  (9)  Chalk  formation, 
(10;  Floetz  Trap  formation,  (11)  Independent  Coal  formation,  (12)  Newest  Floetz 
'J'rap  formation. 

Class  4.  Alluvial  rnik/i.—(\)  IVai,  02)  Sand  and  gravel,  (3)  Loam,  (4)  Bog  iron  ore, 
(5)  Nagel  Huh,  (tl)  Calc  tnH',  (7)  Calc  sinter. 

Jt  is  singular  to  notice  how  persistently  this  original  error  of  placing 
the  "Coal  formation  "  high  up  in  the  "Secondary'"  was  perpetuated  b^' 
later  geologists.  So,  too,  the  position  of  the  "  Kock  Salt  formation," 
which  was  in  the  Mesozoic  in  England,  was  erroneously  regarded,  when 


'  Vol. «,  pp.  411-428. 

'Thr  iirticlo  is  cntiilod   "Obrtorvations  on    tho  pooloj^y  of   the   United  Statos,  explanatory  of  a 
p»M»lo^,'i(  al  map,  by  William  Macliiro,  ri'a<l  January  1*0. 1  SOU."    Fur  HtiuUuts  of  early  inapa,  it  is  well 
to  remonibtT  Ihiri  luaii  of  Maoluro'a  in  tbo  Tiuuoactiuud. 
'Op.  cJt..  pp.  411,  411 
*JbuL.  p.  411 

an 


wiLLtAMB.)  MACLURE,   COEKELIUB,   DRAKE.  23 

discovered  in  New  York  and  other  places,  as  a  central  one  in  the 
**  Fioetz  rocks." 

The  iKWition  of  the  <* Independent  Goal  formation"  is  defined  by 
Maclare  as  extending  <<  iroin  the  head  waters  of  the  Ohio,  with  some 
intermption,  all  the  way  to  the  waters  of  the  Tombigbee."*  * 

This  ^^Goal  formation,"  as  mentioned  above,  is  placed  in  the  upper 
part  of  the  ^'  Fioetz,"  and  is  said  to  lie  on  <*  immense  beds  of  Secondary 
limestone,  intercepted  in  some  places  by  extensive  tracts  of  sandstone 
and  other  Secondary  aggregates." 

Maclure  was  familiar  with  the  theoretical  classification  of  Werner,  and 
it  is  instructive  to  us,  seeking  a  universal  classification  for  the  rock 
formations  of  the  earth,  to  observe  that  the  first  geologist  of  America, 
in  1809,  found  the  formations  of  America  *'  the  most  correct  elucidation 
of  the  general  exactitude  "  of  this  German  system.  Perhaps  American 
geologists  are  not  at  present  in  danger  of  imitating  any  foreign  system 
with  such  reverence,  but  the  attempt  to  harmonize  or  coordinate  the 
classifications  across  the  ocean  leads  to  the  same  imperfect  science,  unless 
strict  and  even  severe  adherence  to  the  facts  be  insisted  upon. 

In  1818  Elias  Cornelius,  in  a  paper  on  the  geology,  mineralogy,  etc., 
of  parts  of  Tennessee,  Virginia,  and  Alabama  and  Mississippi  Terri- 
tories, defined  two  limestones  which  he  distinguished  as  the  ^Miidined 
strata"  and  the  '^  horizontal  strata,"  reminding  us  here  of  the  Werne- 
rian  '< Fioetz"  formation.  Hia  "  inclined  strata"  were  observed  along 
the  route  of  his  travels  over  the  Blue  Kidge  and  the  Cumberland  Moun- 
tains, and  all  of  the  five  ranges  of  the  Alleghany  Mountains.  They 
were  usually  called  gray  limestones,  sometimes  reddish,  as  at  Knox- 
ville.  The  second,  or  <<  horizontal  strata,"  of  bluish  color,  he  observed 
from  the  Cumberland  Mountains  for  20()  miles  south  westward.  The 
editor  explains  in  a  note  that  the  ^Miighly  inclined  limestone"  is  the 
Trafisition  of  Werner;   the  *'flat  strata"  belong  to  the   Secondary. 

John  Grammar,  jr.,  gave  an  account  of  coal  mines  in  the  vicinity  of 
Kichmond,  in  Chesterfield  County,  and  noticed  that  the  coal  rests  upon 
granite,  is  inclined  45^  to  the  horizon,  and  has  a  thickness  from  25  to 
50  feet,  thinning  out  southward ;  but  he  did  not  describe  its  geological 
horizon.' 

In  an  article  by  John  H.  Kaiu,  we  fiud  a  reference  to  coal  worked  at 
Knoxville,  Tennessee. 

Daniel  Drake  published  ^^A  geological  account  of  the  valle^^  of  the 
Ohio."3 

This  is  in  a  letter  to  Joseph  Correa  de  Serra,  and  it  presents  his 
views  in  regard  to  the  surface  rocks  and  conditions,  and  some  of  the 
basement  rocks  are  also  referred  to  in  the  article,  but  the  nomenclature 
for  these  is  entirely  Wernerian,  as  "Fioetz,"  "Secondary,"  "Geest," 
etc 

>  Traaa.  Am.  Phil.  Soc.,  vol.  6,  p.  425. 

"  This  in  the  first  uotice  we  see  of  the  Me2M)zole  coal  formatiODA  ot  Ui\a  T«vk^oii. 

^TwuiOftbeAm.  Phil,  Soc.,  vol.  2,  uoir  series,  pp.  124-139. 
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In  1819  the  American  Oeological  Society  was  formed,^  It  was  ineor- 
porated  by  the  State  of  Gonneoticat  and  provisioDally  located  in  New 
Haven,  and  the  first  meeting  was  held  in  the  philosophical  room  of 
Tale  Gollege,  New  Haven. 

The  Geological  Society  continued  in  existence  for  several  years  and 
gradaally  came  to  an  end.' 

It  is  evident  from  the  honor  bestowed  upon  William  Maclare  that  in 
the  first  qoarter  of  the  centory  he  was  regarded  as  the  most  learned 
American  geologist  In  1819,  when  the  American  Geological  Society 
was  started  in  New  Haven,  he  was  elected  its  first  president.  In  a 
note  at  the  foot  of  page  300,  volume  n,  of  the  Silliman  Jonmal|  where 
a  donation  from  him  to  the  American  Oeological  Society  is  referred  to, 
he  is  described  as  a  gentlemen  who  **  has,  in  person,  examined  the 
geology  of  almost  every  portion  of  Earope  as  well  as  of  the  dviliced 
portions  of  America.  JSe  has  visited  several  conntries  repeatedly,  and 
has  inspected  most  of  the  interesting  localities  of  minerals  in  Bnrope 
and  America." 

When  we  remember  how  few  of  the  present  fiacilities  for  travel  and 
communication  with  foreign  lands  were  existent  in  1820,  when  this  was 
written,  some  idea  can  be  formed  of  the  great  inflnence  snch  a  man 
must  have  exerted  over  the  opinions  of  American  geologists. 

W.  B.  Stiison,  in  a  sketch  of  the  geology  and  mineralogyof  a  partof 
the  State  of  Indiana,  briefly  described  the  geological  formations  of  the 
State,  and  referred  them  to  the  *^  secondary  rocks."  This  was  a  cor- 
rect correlation  following  Maclure's  classification ;  the  mistake,  as  be- 
fore noted,  was  in  the  standard  scale. 

In  1820  Prof.  Amos  Eaton  published  ^<An  Index  to  the  Geology  of 
the  Kortbern  States."^  The  observations  recorded  in  his  book  are 
almost  entirely  the  result  of  his  own  personal  experience.  He  writes 
in  the  preface,  page  vi:  <^  With  respect  to  the  theoretical  part,  as  far  as 
I  have  given  in  to  any  theory  it  is  to  that  of  Werner,  with  the  im- 
provements of  Guvier  and  Bakewell." 

He  recognized  eighteen  strata  in  order  from  the  bottom  upward, 
which  be  grouped  into  five  classes.    These  were  as  follows: 

StraU. 
GraDite. 


r  ^• 

J    2,  GneiBB. 


I.  Primitive  cl«» If  ^^""^^  ~'"^- 

5.  Talcose  rock. 

6.  Granular  limestone. 


1  Am.  Joar.  Scl.,  vol.  2,  page  189. 

*  Prof.  Dana  infonuB  mo  by  letter,  October  30, 1888,  that  by  consultation  of  the  reconls  of  t-he  society 
la  Yale  College  library  he  ascertained  that  the  last  meeting  of  the  socioty  was  held  in  1826,  and  the 
last  member,  B.  Leffinewell,  died  in  Now  Haven  dnring  the  year  1888.  Inaao  Lea  was  a  member  of 
the  society,  and  when  he  died  there  was  bat  one  member  of  the  society  still  livine.  In  the  earlv  num- 
bers of  the  American  Joomal  of  Science  frequent  references  are  made  to  the  reception  of  books  and 
■peel mens  by  the  society. 

•  Second  edition,  286  pages,  12mo,  Troy,  New  York. 
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7.  Argillite. 

8.  Metalliferoas  limestone. 

n.  Truisitioii  oUaa <  ^^  Eed^Sandstone  (inoladiDg  those  of  "Catsklll 

MountaiDS,  Oswego  River,  Niagara  River,  and 
Connecticnt  Riv^')« 

ill.  Breocia. 
12.  Compact  limestone. 
13.  Gypsnm  (Manilas,  Onondaga,  Madison,  etc.). 
14.  Secondary  sandstone. 

IV.  Saperincnmbent  claw  ....  |  }|;  gj^it'tone  trap. 

V.  AlIuTil  eL». \\l  2,^*io„. 

Tbis  follows  the  general  system  of  Bakewell,  who  was  a  disciple  of 
Werner^  bot  the  individual  strata  are  partly  peculiar  to  his  own  sys- 
tem, although  distributed  in  the  several  classes  of  the  Wemerian  classi- 
fication. 

In  1821  we  find  a  notice  of  the  occnrrence  of  ^^ blind  coal''  on  the 
bank  of  the  Arkansas,  500  miles  from  its  mouth,  <<  equal  to  the  best 
Kilkenny  coal ;"  this  by  L.  Bringier. 

In  a  letter  to  Silliman  (the  editor  of  the  American  Journal),  dated 
1820,  Brongniart  writes  about  fossils  in  a  way  to  show  how  they  were 
then  used,  and  to  what  a  slight  extent  they  were  of  value  in  the  inter- 
pretation of  geologic  strata.  He  says^  in  regard  to  Trilobites :  ^'  I 
learned  from  these  specimens,  and  from  some  othern  which  I  received 
in  different  ways,  that  Trilobites  existed  in  America  as  well  as  in  Europe ; 
that  the  animals  differed  very  little  (if,  indeed,  they  constantly  differed 
at  all)  from  those  of  Europe,  and  that  they  are,  in  both  cases,  found  in 
the  Schists  phylladesy  or  in  the  transition  limestone,  or,  at  least,  in  those 
which  are  very  ancient." 

Ebenezer  Granger  noticed  some  vegetable  impressions  from  the  coal 
formation  of  Zanesville,  Ohio,  and  recognized  them  as  Lepidodendra  and 
OalamiteSf  but  did  not  further  identify  them. 

Thomas  NuttalP,  of  Philadelphia,  records  some  <^  Observations  on 
the  Geological  Structure  of  the  Valley  of  the  Mississippi."  He  gives 
an  account  of  the  probable  limits  and  character  of  the  <<  secondary 
formations"  in  the  Mississippi  Valley.  He  compares  the  calcareous 
platform  of  the  Mississippi  (as  seen  in  the  plains  of  Ohio,  Michigan, 
Indiana,  Illinois,  Kentucky,  western  Tennessee,  and  Missouri)  to  the 
plains  of  the  Tartarian  district,  traversed  by  the  Kuban,  as  described 
by  Pallas  and  Clarke,  and  he  states  that  he  thinks  he  meets  in  these 
calcareous  deposits  '*  almost  every  fossil  described  and  figured  in  Mar- 
tin's Petrifacta  Derbiensia." 

Although  he  makes  no  allusion  to  specific  identification,  this  is  a 
clear  recognition  of  the  <^  Carboniferous  rocks  "  in  these  limestones  of 
the  interior. 

In  1822  Zachariah  Cist  gave  an  account  of  the  Lehigh  and  Schuyl- 

>  Am.  Jour.  SoL.  vol.  3,  p.  226. 

•Jour,  of  the  Acad,  of  ScL  of  PLllAdelphia.  1821.  voL  2,  pp.  14-4S. 
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kill  coal  mines  in  tbe  neighborhood  of  Wilkea-Barre,  PeDn^ylTania, 
which  were  then  being  worked  to  the  extent  of  1,500  tons  anmiaUly  sent 
to  market. 

In  1823'  Ami  Borr£  discussed  ^^Earopean  Ghsology,  with  remarks  on 
the  prevailing  geological  arrangements.''  The  nomenclature  is  mainly 
Wernerian;  such  terms  as  ^^Encrinal  limestone,"  <*01d  Bed  sand- 
stone," and  <<Ooal  Formation"  are  associated  with  '<  Graawaoke," 
^<  Floetz,"  and  <'  Bed  Ground,"  and  in  the  next  volume,'  Gonybeaie  and 
Phillips's  Geology  is  reviewed.*  In  the  review  the  supposition  is  made 
that  our  salt  and  gypsum  beds  may  belong  to  the  ^^ original  marl"  of 
the  authors,  and  doubt  is  expressed  as  to  the  Connecticut  Old  Bed 
sandstone  being  really  the  equivalent  of  the  ^'red  marl."^ 

The  '<  Khode  Island  anthracite "  is  referred  to  "  transition  slates," 
graywacke  slate.  ^  It  is  distinctly  stated  ^  that  in  this  country  no 
distinction  had  theretofore  been  made  between  ^<  rothe  todte  liegende  ^ 
and  the  English  ^'  Old  Bed  sandstone,"  and  the  argument  is  set  forth 
that  since  the  red  sandstone  in  Connecticut  lies  below  thecoail  measures 
therefore  the  '< rothe  todte"  is  not  uniformly  above  the  coal,  as  it  JB 
claimed  to  be  by  the  authors,  the  Connecticut  sandstone  having  been 
recognized  by  its  fossils  as  equivalent  to  the  *<  rothe  todte." 

Again,  in  this  same  year,  Prof.  Edward  Hitchcock  gave  a  considerable 
account  of  <<  the  Geology,  Mineralogy,  and  Scenery  of  the  Connecticut 
Biver."  He  recognized  the  sandstone  along  the  Connecticut  Biver  as 
unmistakably  the  <^Old  Bed  sandstone"  of  the  English  authors.^ 

Also,  ho  referred  to  the  occurrence  of  the  <^  coal  formations  "along  the 
river,  at  Chatham,  at  Middletown,  and  at  Berlin.  ^  Tbe  occurrence  of 
fish  in  these  coal  beds  at  Westfield  and  Sunderland  is  mentioned  on 
pa^e  76,  where  one  of  them  is  referred  to  the  genus  Falethrissum.  In 
the  next  volume  ^  the  ^<  Rhode  Island  coal  formation"  is  said  to  be 
older  than  that  of  Connecticut,  and  the  supposition  is  made  that  they 
are  botli  '' transition."  Uitchcock  in  his  classification  evidently  fol- 
lowed Conybearo  and  Phillips's  Geology,  and  from  a  footnote'^  it  is 
evident  that  he  regarded  the  red  sandstone  to  be  the  same  with  the 
"  rothe  todte  liegende,"  '*  which,"  he  says,  "  lies  immediately  below  the 
bituminous  marl  formation  of  Germany,  and  below  the  coal  formation 
in  England."  Ue  quoted  Conybeare  as  considering  them  distinct,  and 
ventured  the  supposition  that  the  ^' red  sandstones  of  the  Connecticut 
Valley"  are  not  "  Old  Red"  but  "  rothe  totlte,"  although  he  still  con- 
sidered the  sandstones  west  of  the  Connecticut  River  as  true  Old  Bed 
sandstone. 

This  confusion  in  regard  to  the  determination  of  our  red  sands  was 
not  altogether  due  to  faulty  stratigrai)hic  observation  on  the  part  of 

'  Am.  Jonr.  Sci.,  vol.  6,  pp.  18»-192.  *Ibi<l.,  p.  230. 

» Ibiil.,  vol.  7,  pp.  ?U3-240.  '  Ibid.,  vol.  6,  p.  39. 

s  This  was  publi8lie4l  in  1882.  *  See  ibid.,  pp.  41. 44. 

*}iet]  marl  of  Conybeare  and  Phillips  is  in  the  *Ibid.,  vol.  7,  p.  28. 

TrfoMic.  "Ibid.,  p.  27. 
*A.m.  Jour.  Soi,  vol.  7,  p.  224. 
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onr  geologists,  bnt  to  oonfusion  in  tlieir  identrfication  of  tbem  with  the 
re<l  samlstones  described  in  tlie  English  books.  The  English  geologists 
themselves  were  not  yet  nnited  in  distinguishing  the  red  sandstones  in 
their  own  coantiy,  and  here,  too,  the  tronble  was  more  due  to  an  attempt 
at  correlating  them  with  the  red  sandstones  of  the  Euroi)ean  Triassic 
than  a  failure  to  understand  their  difference  in  England.  It  was  not 
until  considerably  later  that  our  geologists  clearly  distinguished  and 
placed  in  their  proper  geological  horizon  the  Triassic  sandstones  of  the 
Connecticut  Valley  and  southward  along  the  Atlantic  border,  and  the 
several  Paleozoic  red  sandstones  now  known  as  Potsdam,  Medina,  and 
Catskill  red  sandstones. 

The  year  1824  is  noticeable  in  the  progress  of  American  Geology  by 
the  publication  of  Amos  Eaton's  work  on  the  Erie  Ganal  rocks.  ^ 

Part  1  contains  a  description  of  the  rock  formations,  together  with 
a  geological  profile  extending  from  the  Atlantic  to  Lake  Erie.  The 
classification  is  substantially  that  adopted  in  his  text-book,  though  some- 
what modified.  In  the  place  of  the  sixteen  strata  he  has  twenty-five, 
distributed  in  the  four  classes,  Primitive,  Transition,  Secondary,  and 
Superincumbent.  His  favorite  system  in  naming  rocks  is  recognized 
in  the  new  names  which  he  proposes  in  his  classification.  These  are 
after  the  pattern  of  ''  the  metalliferous  lime  rock,''  that  is,  the  Latin 
termination  meaning  ^<  to  bear,"  added  to  the  name  of  the  mineral,  and 
applied  to  the  rock.  Such  terms  are  "  saliferous  rock,"  **  ferriferous 
slate,"  "  geodiferoUs  slate,"  *'  lime  rock,"  etc.  A  few  of  these  terms  are 
still  preserved  in  our  nomencLiture,  but  where  they  are  used  tlioy  are 
confusing,  and  the  objection  to  them  is  the  objection  to  all  of  the  names 
of  the  Wernerian  school,  that  they  are  attempts  to  define  rock  strata 
by  their  mineral  and  physical  characters,  under  the  supposition  that 
these  characters  were  traceable  in  other  than  the  locality  where  the 
original  stratum  was  described.  Stratigraphic  geology  was  impeded 
by  the  attempts  to  perpetuate  this  method  of  classification,  and  we  are 
scarcely  yet  entirely  free  from  the  inllueuce  of  this  Wernerian  school. 

A  review  of  this  book  is  given  in  the  eighth  volume  of  the  American 
Journal  of  Science.* 

Objection  is  there  taken  to  the  "  unnecessary  innovations  in  geolog- 
ical nomenclature,"  or  to  "  any  deviation  from  the  present  highly-  im- 
proved state  of  the  science  on  the  eastern  continent,  unless  it  is  where 
new  facts  and  discoveries  imperiously  demand  such  a  course.''  This  is 
evidently  a  rsip  at  Prof.  Eaton's  criticism  of  Phillips  and  Conybeare's 
Geology,  ])ublished  in  the  same  volume  of  the  American  Journal  of  Sci- 
ence^ a  few  months  before. 


'  A  (reoloRical  and  AKricultnnil  Survey  (it*  tbi.*  Dixtriot  a(|join1n|?  tho  £rie  Canal,  by  Amos  Eaton, 
163  payroll  and  a  plato,  Albany,  Nuw  York,  taken  andui*  tbc  directiuu  of  tbo  Hun.  Scupbcn  Van  Kens* 
■elaer. 

»1»1».  35g-M2. 

<  Pp.  2G1-203. 
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Eaton's  article  is  entitled  ^^  Ought  American  geologists  to  adopt  the 
changes  in  the  science  proposed  by  Phillips  and  Oonybearef "  He 
protests  against  accepting  snch  a  radical  change  in  dassifloation  as 
Phillips  and  Oonybeare  proposCi  which  is  practically  a  defense  of  the 
older  Wemerian  classification,  while  Conybeare  and  Phillips,  oonoed- 
ing  the  importance  of  defining  the  varions  formations  by  their  chemical 
and  external  characters  and  mineral  contents,  distinctly  reeogniied 
also  the  importance  of  the  organic  remains  as  a  means  of  determining 
and  characterizing  each  individnal  geological  formation,  thus  following 
directly  in  the  steps  of  William  Smith  and  Ouvier. 

In  1824,  in  volnme  1  of  the  second  series  of  Transactions  of  the  Oeolog- 
ical  Society,  is  an  article  by  J.  L.  Bigsby,  entitled  <<Notes  on  the  Geog- 
raphy and  Geology  of  Lake  Huron."  This,  one  of  the  earliest  descrip- 
tions of  a  geological  section  in  that  part  of  the  country,  recognizes 
(p.  196)  the  following  formations :  *<  Primitive  rocks,  Secondary,  lime- 
stone with  Orthoceratites  on  High  Cliff  Island,  Bed  sandstone  equiva- 
lent to  the  Old  Bed  of  Werner,  anderlying  Lake  George,  and  the  Straits 
of  St.  Mary,  and  limestones  at  St.  Joseph,  and  on  Drummond  Island, 
with  Orthoceratites,  Milliporae,  Madreporse,  Encrini,  shells,"  etc  Some 
of  the  fossils  are  described  and  figured ;  they  are  all  referred  to  the 
''Secondary."  A  Trilobite  is  also  figured' and  described  by  Oharles 
Stokes.'  This  is  plainly  a  Lower  Silurian  fossil,  and  its  identification 
indicates  the  use  of  the  term  << Secondary"  in  1824  as  including  part 
of  what  we  now  call  Silurian  rocks. 

In  1825  Ghester  Dewey  spoke  of  Eaton's  survey  of  the  Erie  Canal ' 
and  recognized  its  valne,  but  mildly  protested  against  the  *'  needless 
novelties  in  technical  language." 

In  1825  a  letter^  William  Maclnre  urges  *' perhaps  the  most  useful 
classification  in  the  present  state  of  the  science  would  be  to  retain 
Werner's  five  classes  as  being  well  defined,  that  is,  as  well  as  the  graded 
variety  of  nature  will  permit,  and  to  make  some  subdivisions  in  each 
class  without  deranging  the  system  already  best  known,  or  the  ideas  of 
those  who  follow  it." 

Thus  it  will  be  seen  that,  at  this  date,  the  ablest  geologists  of  Amer- 
ica adhered  to  the  old  Wernerian  system  of  classification,  and  when  we 
remember  that  this  system  was  based  upon  a  study  of  the  primitive 
rocks,  and  that  the  classification  which  was  applicable  to  them  was 
applied  to  the  whole  series  as  well,  we  need  not  be  surprised  at  the 
retarding  influence  exerted  upon  all  true  progress  in  geological  science. 

During  the  year  182G,  and  for  several  years  after,  frequent  papers 
were  published  descriptive  of  coal  mines,  and  dealing  particularly  with 
the  properties  of  coal  considered  as  a  fuel  and  in  its  economical  aspects. 
The  regions  discussed  in  these  several  papers  were  principally  three, 

>  Am.  Jonr.  Soi.,  vol.  8,  p.  2o. 

*  It  is  called  by  him  Ataphus  platyeephaltit,  and  flgnred  on  Plate  27,  Figs.  1,  a-b-c,  and  8. 
'Aw.  Jonr.  ScL,  vol.  9,  p.  355, 
*Ibid.,  p.  254,  dAted  PmtIb,  January  14,  to  the  editot. 
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those  of  Virgioifti  PenDsylvania,  and  Bhode  Island,  bat  in  none  of  these 
papers  was  there  expressed  any  very  clear  appreciation  of  the  strati- 
graphic  relations  of  the  coal. 

Two  such  papers  were  by  James  Pierce.^ 

In  the  first  paper  the  author  gave  no  opinion  as  to  the  geological  age 
of  the  coal  In  Virginia,  but  in  the  second  paper  he  referred  the  coal  of 
Lehigh,  Maiich  Chunk,  Easton,  and  Pottsvilie  to  the  *^  Grauwacke  for- 
mation," and  regarded  the  Grauwacke  as  iu  the  Transition  group.  This 
was  a  recognition  of  a  lower  horizon  for  the  coal  than  had  been  accepted 
by  the  geologists  in  America.  The  coal  heretofore  discovered  was  re- 
garded as  belonging  to  the  ^'Secondary  formation"  of  the  prevailing 
classification.  The  author  also  noticed  that  the  coal  in  the  eastern  part 
of  Pennsylvania  is  anthracite  and  the  coal  of  the  western  deposits  in 
Pennsylvania  is  bituminous. 

Prof.  Silliman,  the  editor  of  the  American  Journal  of  Science,  also 
published  several  papers,  about  this  time,  on  the  coals  of  Rhode  Island, 
Pennsylvania,  and  other  regions.^  But  in  his  discussions  on  the  coal, 
it  is  its  properties  and  economical  uses  rather  than  its  geological  posi- 
tion which  he  considered. 

In  1827,  William  Meade^  considered  the  anthracite  in  the  region  from 
the  Sus(]uehanna  to  the  Penobscot  as  decidedly  belonging  in  the  Tran- 
sition, lieference  was  made  by  him  to  the  coal  lately  discovered  near 
the  Tioga  River,  Pennsylvania.* 

In  1828,  Amos  Eaton  published  in  Albany  a  small  treatise  of  some 
thirty-one  pages,  entitled  '^A  Geological  Nomenclature  for  North  Amer- 
ica."* 

This  publication  is  a  revision  of  the  "Nomenclature"  published  in 
the  first  part  of  the  Erie  Canal  Survey  of  1824,  after  suggestions  re- 
ceived from  Prof.  Parker  Cieavelantl,  Dr.  Steele,  and  others.  There  are 
also  some  corrections  bsised  upon  his  own  observations.  Among  the 
latter  are  to  be  noticed  the  statement  that  "  there  is  no  mica  slate  in 
Berkshire  County  on  the  western  slope  of  the  Green  Mountain  Range,"® 
and  "  no  Primitive  Argillite  in  our  district ;"  "  neither  do  1  believe  there 
is  such  a  rock  as  Primitive  Argillite  on  this  globe,"  in  which  he  follows 
Bakewell's  opinion.  Another  modification  is  his  statement  that  the 
*^Old  Red  sandstone  of  Werner  is  not  a  general  stratum,"  but  is  found 
in  the  third  Gray wacke,  and  also  in  the  second  Graywacke.  In  this 
view  he  follows  Conybeare's  opinion,  as  found  in  the  Introduction  of 
Phillips's  and  Conybeare's  Geology.' 


*  The  marl  rogionfl  of  Virginia  ami  ^larjiund,  and  on  the  bitaminonn  coal  formation  iu  Virf;iuia; 
Am.  Jour.Sci.,  vol.  11, 1826,  pp  54-50.  The  mountain  dint  ricls  of  IVunAylvania.  and  the  mineral  reHuurccH 
of  that  State,  including  it«  bitaminouD  coal ;  ibid.,  voL  12, 1827,  pp.  54-74. 

*  Am.  Jonr.  Soi.,  rol.  11,  p.  78 ;  ibid.,  1830,  vol.  18,  p.  308 ;  ibid..  1831,  vol.  19,  p.  1-21. 

s Remarks  on  the  Anthracitea  of  Europe  and  America,  Am.  Jonr.  Sci.,  vol.  12,  p.  76. 
«Ibid.,  vol.  U,  pp.  32-35. 

*In  the  Am.  Jonr.  Sci.,  vol.  13,  pp.  145-159  and  350-368,  is  found  subAt^ntiaUy  the  same  article 
under  the  title  of  Goologfcil  Nomenclature,  Classes  of  Rocks,  etc.,  by  Prof.  Amos  Katon. 

*  See  op.  cit.  foot-note,  p.  146. 
'Ibid.,  pp.  147  And  159. 
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lu  the  American  Journal  article,  four  pages,  entitled  '^  Geological  No- 
menclature Exhibited  in  a  Syuoi>si8  of  North  American  liocks  and  De- 
tritus," are  inserted  between  the  regular  pp.  144  and  145,  which  apiiear 
to  be  a  reprint  of  pages  of  the  work  as  printed  in  Albany.  This  *^  No- 
menclature'' gives  the  following  list  of  the  classes  of  rocks : 

Class  1.  Primitive  rocks  ;  1»eiii^  those  which  contain  no  organic  relics  nor  coal  (in- 
cluding Granite,  Mica  slate,  Uornblendo  rook,  Talcose  slate,  Graunlar  Quartz,  Gran- 
ular limcrock). 

Cla{S8  2.  Traneition rocks ;  being  those  which  contain  marine  organic  relics  only, 
and  in  Huni»  localities  Anthracite  coal  (including  Argillite,  First  Graywacke,  Sparry 
liinerock,  CalciferouMsandrock,  Metalliferous  limerock.  Second  Graywacke).    . 

Class:!.  Sv^vmlarif  rocks  ;  being  those  which  contain,  in  some  localities,  dry-laud 
or  frosh-water  organic  relics,  as  well  as  marine,  or  bituminous  coal  (including  Mill- 
stone grit,  Saliferons  rock.  Ferriferous  rock.  Lias,  GeOdiferous  limerock,  Coruetifvr- 
ous  limerock.  Third  Graywacke). 

Class  1.  SHperincumbeut  rocks  ;  being  those  Hornblende  rocks  which  overlay  others 
without  any  regular  order  of  superposition,  and  supposed  to  bo  of  volcanic  origin 
(including  l(asalt). 

classes  ok  dktkitus. 

Class  r».  AVuviat detritus  ;  being  thos«>  massen  of  detritus  which  have  been  washed 
into  tlioir  present  situation  (including  Anti-Diluvion,  Diluvion,  Ultimate  Diluvioii, 
rost-Diluvion). 

Class  (i.  Analluvial  ilHrHns ;  being  those  masses  of  detritus  which  have  not  been 
washed  from  places,  showing  they  were  first  formed  by  the  disintegration  of  rocks 
(including  Stratified  Analluvion  and  superficial  analluvion). 

The  localities  are  given  for  each  of  the  above  mentioned  kinds  of 
rocks,  and  we  find  them  in  Massachusetts,  Connecticut,  and  New  York, 
in  the  latter  State  mainly  along  the  line  of  the  Erie  Canal. 

A  few  of  the  names  used  in  this  '' Noniendature''  are  still  retained, 
with  no,  or  but  slight,  modification.  '*  Calciferous  sandruck,"  and 
under  "Metalliferous  limerock,"  *' J^irdseye  marble ''  is  mentioned  aH 
a  variety  of  it ;  under  the  tenn  "Third  CJniywacke,'' with  the  subdi- 
vision "  Pyritiferous  rock,'^  is  deseribed  what  we  now  know  as  the  De- 
vonian rocks  of  the  State  of  New  York,  including  the  Catskill,  or  what 
were  known  as  the  Ohl  lied  sandstone  of  Werner,  but  not  including 
the  Lower  limestones.  Eaton's  '*( -ornetiferous  limero<'k"  .appears  to 
be  a  name  covering  both  Lower  Ilehlerberg  and  Upper  llelderberg 
rocks  of  our  present  classification,  and  his  "Third  Craywacke-'  rested 
upon  the  "Cornetiferous  limerock."  In  this  paj)er  Katoii  pointed  out 
the  distinction  between  "  general  strata,''  which  he  finds  in  America 
"  can  be  traced  for  an  extent  of  100  or  300  miles,''  and  "  beds  or  vari- 
eties" of  the  former.* 

According  to  this  i)roposed  nomenclature,  "  the  Lias,  (Jeodiferous 
limerock,  Cornetiferous  limerocrk,  and  the  Third  Cnivwackcs  occupied 
as  uppermost  rocks  more  than  half  of  the  great  States  of  New  York, 
rennsylvania,  Virginia,  and  nearly  all  the  States  of  Ohio,  Indiana, 
Illinois,  Kentucky,  Tennessee,  and  Michigan  Territory,"  and  he  says 


•Am.  Juur.  Sii..  noI.  13,  p.  OCX. 
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**If  we  adopt  the  Earopean  nomenclature,  one  must  treat  of  this  vast 
territory  under  the  Oolitic  Formatiou."  ^ 

Prof.  Eaton  regarded  this  synoiisis  as  expressing  accurately  ^<  the 
order  of  snperposition,^  as  well  as  the  definition  and  geogmphical  locat- 
ing of  the  strata  named.'  In  the  same  article  he  stated  that  *^  No  one 
is  qualified  for  examining  geological  facts,  nor  for  reading  essays  or 
systematic  treatises  on  geology,  until  he  has  fixed  in  his  mind  a  system- 
atic arraugement  of  general  strata."^  And  he  iu formed  us  that  Van 
Bensselaer  spent  more  than  $18,000  on  the  investigations  and  re- 
searches which  were  carried  on  in  connection  with  his  survey  of  the 
ErieCaual  rocks.^ 

In  1829  there  appeared'  an  interesting  article  by  J.  E.  Doornik  on 
^^  Observations  concerning  fossil  organic  remains,"  communicated  by 
the  author  in  French,  and  translated  by  Charles  U.  Shepard.  The 
author  made  some  remarks  upon  M.  Ouvier^s  method  of  explaining  the 
importance  of  organic  remains  for  geology.  (Guvier's  <'  Osseniens  fos- 
siles"  had  been  published  in  1825.) 

Doornik  combats  the  proposition  of  Guyier  that  *^  to  fossil  remains 
alone  is  due  the  origin  of  the  theory  of  the  earth,  and  that  there  had 
been  in  the  formation  of  the  globe  successive  epochs  and  a  sericK  of 
dittereut  operations,"  and  while  combating  this  proposition  he  defends 
Werner  as  having  laid  the  foundation  of  geology. 

This  article  is  interesting  particularly  as  showing  the  progress  of 
science  caused  by  the  opposition  of  the  conservatives.  Fossils  were 
rapidly  taking  the  place  of  mineral  characters  in  the  correlation  of 
stratified  rocks,  and  the  old  school  (such  men  as  Doornik  and  Prof. 
Eaton)  strenuously  advocated  the  system  of  Werner.  A  quotation  is 
found  in  this  article  from  Brongniart,  which  shows  how  thoroughly  he, 
as  a  student  of  fossil  botany,  appreciated  the  value  of  fossils.  He 
wrote  as  follows : 

I  conRidcr,  then,  those  characters  relating  to  the  epochs  of  formations  which  are 
taken  from  organic  remains  as  of  the  first  value  in  geology  and  as  superior  to  all 
others,  however  valuable  they  may  appear. 

Lardner  Yanuxem  wrote  a  letter  to  Prof.  Cleveland  the  same  year.^ 
Among  other  remarks  the  following  are  worthy  of  tpiotation  :  He  said 
that  the  **  Alluvial"  of  Maclure  includes  both  Tertiary  and  Secondary, 
and  the  different  depositri  are  characterized  by  their  fossils,  which  are 
not  confused  or  mixed,  but  are  found  at  diflerent  levels,  and  this  is 
noticeable  in  the  Southern  States  particularly.  He  pointed  out  an  error, 
which  was  a  generally  accepted  one,  and  is  traceable  to  the  identifica- 


>  Am.  Jour.  Sci.,  voL  13,  p.  361. 
«Ibid..p.3«2. 
"Ibid.,  p.  850. 
*Ibid.,  note  to  p.  300. 
■Aiu.  Jour.  Sci.,  voL  26,  p.  90,  etunq. 

'On  th«  characters  aod  cUiwiUoation  or  cortaia  American  n>rk  rormatioDA.    Am.  Junr.  Sci.,  vol.  16, 
1829,  p.  254. 
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tioii  of  Amos  Eaton,  viz,  the  covering  <*  of  the  western  conntry  and  the 
back  and  upper  parts  of  New  York  with  Secondary  rocks."  Yanuxem 
found  them,  by  their  fossils,  to  belong  to  tbe  Transition,  and  remarked: 
<^The  analogy  or  identity  of  rocks  I  determine  by  their  fossils  in  tbe 
first  instance  and  by  their  position  and  miueralogical  characters  in  the 
second  or  last  instance."  He  mentioned  instances  of  snch  determina- 
tions in  reganl  to  certain  rocks  of  Ohio,  Kentucky,  and  Tennessee^ 
which  he  identified  with  the  ^'  limestones  of  Trenton  Falls  by  the  gen- 
era of  the  fossils,"  and  recognized  that  they  are  different  from  the  rocks 
lying  above  the  Goal  Measures.  This  appears  to  be  the  first,  or  at 
least  one  of  the  very  earliest,  expressions  in  American  literature  of  the 
princii)le  underlying  the  new  school  of  geologic  correlation  which  soon 
after  took  the  place  of  the  Wernerian  school. 

To  show  how  the  errors  of  the  system  of  Werner  led  to  mistakes  of 
identity,  it  may  be  noticed  that  Eaton's  determination  of  the  rocks  of 
western  Xew  York,  etc.,  as  belonging  to  the  "  secondary  rocks"  of  his 
classification,  appears  to  be  influenced  by  the  term  "floetz"  of  the 
Wernerian  nomenclature,  which  applied  to  these  rocks. 

lu  18;>()  James  O.  Morse  published  an  article '  in  which  is  an  illustra- 
tion of  the  arguments  used  for  defending  the  Wernerian  system.  The 
author  referred  to  the  don  bt  which  had  been  expressed  as  to  the  iden- 
tification of  certain  rocks  with  the  Greywacke,  and  argued  as  follows: 

Prof.  .TuiiH'Kou  dcHcribes  Groy  wacke  as  composed  of  sand  coi]nQct<?d  together  by  a 
I)a8i8  of  cl»,v  shit4.s  and  minute  Inspeotion  of  the  rook  of  these  regions  will  coavince 
any  o\w  that  our  Greywacke  has  these  conipoucni  part«. 

Prof.  Amos  Katon  made  some  '*  Observations  on  the  coal  formations 
in  the  State  of  New  Vork  in  connection  with  the  great  cojU  beds  of 
Pennsylvania.''*  In  this  article  he  recognized  four  distinct  coal  forma- 
tions in  the  United  States:  First,  *'  the  genuine  Anthracite  or  Glance 
coal,"  in  tlie  Transition  Argillite,  Newport,  Rhode  Island,  and  Worces- 
ter, Massachusetts;  second,  ''coal  destitute  of  bituminous  matter,^  not 
true  antliracite,  but  what  lie  calls  "Anasphaltic  coal,"  occurring  in  slate 
rock,  lowest  of  the  second  series,  which  he  i<lentiries  with  the  greatest 
Coal  Measures  of  Kurojie,  Pennsylvania,  Carbondale,  Lehigh,  Lacka- 
waxan.  au<l  Wilkes  r>arre;  tiiird,  the  ''bituminous  coal  •'  proper,  in  slate 
rock  of  the  lowest  of  the  upper  Secondary  rocks,  Tioga,  Lycoming,  etc., 
Pennsylvania;  fourth,  ''Lignite  coal,"  as  seen  at  the  south  shore  of  tbe 
Pay  of  Ainboy,  in  New  Jersey.  The  first  or  "Anthracite  coals"  are 
represented  by  shites  which  he  traced  from  Canada  to  Orange  County, 
Xew  York,  but  the  coal  never  occurs  in  seams  tliicker  than  an  inch. 
The  thinl,  "bituminous  coal,"  Eaton  traced  from  Pennsylvania  to 
Seneca  and  Cayuga  Lakes,  and  the  coal  seams,  he  said,  were  not  over 
2  inches  in  thickness.  It  is  said  to  "rest  on  what  tiie  English  call  Car- 
boniferous limestone."  This  "Carboniferous  limcstont^"  is  plainly  the 
Tully  limestone,  and  the  "  Coal  Measures"  above  are  the  Cienesee  shale. 

'(flt'^.tiviitinjin  on  thi^  (»iHVMjn;k«'  rpgimi  of  tl»»»  Stnto  of  Nt«\v  York  ;  Albany  In~ti(utc  Trans., voL  1, 

pp.  e4. 8.\ 

'Truna.  of  tbe  Albany  Inatituto.  vol.  1.,  pp.  126-130. 
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Eaton  identified  the  Onondaga  Salt  group  and  the  Medina  sandstone 
and  shales,  and  Clinton  rocks,  probably,  with  the  English  <<  Baliferous" 
and  underlying  ^*  Millstone  grit,''  and  in  accordance  with  the  English 
precedent  coal  was  supi>o8ed  to  lie  below  these.  He  believed  that 
boring  at  Gasport,  6  miles  east  of  Lockport,  which  at  the  surface  was 
274  feet  higher  than  the  surface  of  Lake  Ontario,  would  reveal  the  Coal 
Measures  at  600  feet  below  the  surface,  and  he  was  so  confident  that  ho 
even  snggesteil  that  legislative  aid  be  furnished  for  boring  down  to  this 
coal.  And  again  he  says  :^  ^*  And  it  may  be  stated  that  if  coal  is  not 
found  beneath  the  Saliferous  rock,  which  is  more  than  200  miles  in  ex- 
tent, it  will  be  truly  a  geological  curiosity  which  has  no  parallel  on  the 
Eastern  continent;  but  we  find  many  deviations  in  America  from  the 
geologiciil  maxims  which  seem  to  be  established  in  Europe." 

This  mistake  of  the  iirst  of  American  teachers  of  geology  of  that  time 
in  8upiK)sing  that  coal  would  be  found  below  the  Middle  Silurian  rocks 
is  the  legitimate  outgrowth  of  the  imperfection  of  the  Weruerian  sys- 
tem. The  supposition  that  Saliferous  rocks  occupy  a  particular  place 
in  a  scale  of  strata  was  not  Prof.  Eaton's  fault ;  he  followed  the  English 
and  they  the  German  school  in  this,  and  it  was  not  due  to  the  ignorance 
of  the  uneducate<l  that  atlemi)ts  were  made  to  find  coal  in  New  York 
State  for  years  after  this,  but  it  was  due  to  the  ignorance  of  the  best 
geologists  of  the  time  as  to  the  right  means  of  correlating  rock  eciuiva- 
lents  across  the  Atlantic. 

In  1830  Amos  Eaton  wrote  a  short  article*  entitled  "  Geological  Pro- 
dromus."  He  announced  that  he  intended  to  demonstrate  that  ^^all  geo- 
logical strata  are  arranged  in  five  anahigous  series,  and  that  each  series 
consists  of  three  formations,  viz :  the  Carboniferous,  ( juartzose,  and 
Calcareous."  Jle  referred  to  Bakewell's  classification,  and  this  idea  is 
evidently  a  modification  of  the  notion  that  strata  were  arranged  in 
recurring  suites  of  formations,  a  notion  wliich  was  brought  out  in  tlie 
later  development  of  geology,  in  the  theory  of  "circles  of  sedimenta- 
tion," of  which  Dr.  J.  S.  Newberry  is  the  niost  conspicuous  exponent. 

Eaton  particularizes  in  tlie  article  referred  to,  saying  that  he  intends 
to  show  that  "  the  Lehigh  or  Lackawannock  coal  *  •  *  is  embraced 
in  the  Second  Grauwacke,  Secondary,  and  that  the  Tioga  coal  is  em- 
braced in  the  Third  Grauwacke  or  Upper  Secondary  of  Bakewell  and 
others";  and  in  this  latter  position,  the  Third  Grauwacke,  he  mentions 
as  belonging  to  the  "thin  layers  of  coal  at  Ithaca,  on  Seneca  Luke,  and 
Lake  Erie  shores."  ^ 

This  error  of  Eaton's  in  i<lentifying  the  rocks  of  Ithaca,  Cayuga  Lake, 
and  westward  to  Lake  Erie  with  the  "  Third  Grauwacke,"  jilacing  them 
above  the  Blossburg  coal  of  Pennsylvania,  was  not  corrected  until  sev- 
eral years  later,  when  the  study  of  fossils  clearly  revealed  the  fact  that 
the  rocks  belonged  below  the  Carboniferous. 


'Am.  Jour.  Sci.,  p.  130.  *  Ibid.,  vol.  17,  p.  63,  dated  Tix>y,  July  28, 1829.  "ibid.,  p.  'M. 

Bull.  80 3 
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The  dasBifioation  of  De  la  BAche  is  reported  in  tbe  Jomud,'  •  fcw 
points  of  which  may  be  worth  recording  in  order  to  show  how  oplBioB 
stood  in  England  at  this  time.  The  rocks  from  the  top  down  to  what 
is  called  '<  the  lowest  fossiliferons"  are  divided  into  nine  eamim^  and 
together  are  called  "the  saperior  s&ratifted  or  fosailifenms  voeka.' 
These  divisions  are  as  follows : 

1.  Alliiviul  Oroap.  6.  Bed  SAndstono. 

2.  Diluvial  Groap.  7.  Carbon iftfroua. 

3.  Lowest  Great  Maminifdrous.  8.  Qniuwaoke. 

4.  Crotaceoas.  9.  Lowest  FowiliftvoMi 

5.  Oolitic. 

In  this  classification  is  seen  ahso  a  separation  of  the  Old  Bed  sand- 
stone from  the  GarboniforouSi  placing  the  Old  Bed  in  the  eighth  divi- 
sion, the  Grauwacke. 

Eaton  identified  the  second  coal  with  the  formations  below  the  **  Salif- 
erouS|"  and  the  third  coal,  he  stated,  is  the  same  with  the  ontcropa  in 
Ithaca  and  on  Oayuga  Lake.* 

Tbis  opinion  was  controverted  by  David  Thomas,  who  dates  his  ar- 
ticle, Greatfield,  Gaynga  Gouuty,  New  York,  1830.^  He  pointed  out  the 
fact  that  the  rocks  on  Oayuga  Lake  dip  slightly  to  the  sonth,  which 
would  bring  tbem  below  tbe  Tioga  coal,  and  he  modestly  diflfered  from 
the  diHtinguished  geologist,  Prof.  Baton,  and  suggested  tiiat  these  rooks 
on  Cayuga  Lake  must  belong  to  different  strata,  below  the  ooal  deposits 
of  Tioga,  Pennsylvania. 

In  1831  Silliman  compared  conglomerates  associated  with  the  anthra- 
cite coal  in  Pennsylvania  with  tbe  Millstone  grit  of  tbe  English  Goal 
Measures;^  in  1832^  Eaton  supposed  that  be  bad  established  identity  for 
the  rocks  in  New  York  with  European  strata  by  their  contained  fossils, 
for  '^(1)  Granular  limerock  with  no  organic  remains;  (2)  the  Metallifer- 
ous, mountain,  or  Carboniferous  limerock,"  which  be  recognized  by 
fossils  in  tbe  rocks  from  Glens  and  Trenton  Falls,  Bethlehem,  Catskill, 
Esopus  Strand,  and  Kondout.  ^'(3)  The  Oolitic  series  of  calcareous 
rocks,  the  *  coral  rag,'"  recognized  on  the  south  shore  of  Lake  Erie, 
and  23  miles  southwest  of  Albany.  "(4)  Tertiary  marls,"  recognized 
in  New  Jersey  as  "  Loudon  clay,"  and  "  shell  marl "  in  the  bank  of  the 
Erie  Canal,  10  miles  west  of  the  Onondaga  Salt  Works. 

This  article  is  dated  October  2, 1831 ;  the  identifications,  as  it  will  be 
seen,  are  mainly  utterly  wrong,  altbougb  tbe  attempt  shows  how  the 
principle  of  correlation  by  means  of  fossils  was  being  forced  into  notice 
and  adopted  by  even  the  extreme  disciples  of  Werner. 

In  the  same  year  and  volume^  Eaton  i)ublislied  another  article,  enti- 


'  Do  la  Bi'che,  Heury.    Sketch  of  a  cloMiflcation  of  tbo  Europcau  rooks.    Am.  Jour.  Sci.,  roL  18, 
1830.  pp.  26-39. 

•  Albauy  IiiHtitute,  TransactioDH,  vol.  1 ;  altto  Am.  Jour.  Sci.,  vol.  IQ,  pp.  21-20. 

*  Am.  Jour.  ISci.,  voL  19,  p.  326. 
*IbMl.,  pp.  21-26. 

*"0ntlie  four  oardiual  |K>iiit«  in  tStrutif^rapbic  Geology,  eetabliabed  by  organic  romains.  **  Am. 
Jour.  SvL,  vol  21,  pp.  199-2O0. 
*lbia.,  pp.  132-13& 
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titled  ^  Geological  Equivalents,"  in  which  is  given  a  list  of  ''  names  of 
strata  which  are  known  to  geologists  of  both  continents,  with  some  of 
their  organic  associations  in  North  America."  In  the  list  eighty  species 
are  named.  The  names  we're  taken,  of  MoUnsca,  cbiefiy,  from  Sowerby, 
of  Badiata,  from  Groldfuss,  of  Grastacea,  from  Bronguiart.  It  is  an  at- 
tempt to  recognize  the  European  strata  in  America,  adopting  the  Bake- 
wellian  adaptation  of  Werner's  system,  and  there  are  necessarily  many 
gross  errors. 

In  an  article  in  the  American  Journal  of  Science,  Prof.  Silliman,  the 
editor,  reviewed  **  Phillii)s's  Geology  of  Yorkshire,"  which  had  been  pub- 
lished in  1829.  In  the  course  of  his  remarks  we  find  the  following  state- 
ment: ^*  Werner  and  Smith  are,  therefore,  the  leaders  of  the  modern 
school  of  geology,"  and  <^  Smith  has  the  great  merit  of  establishing  the 
facts  that  dififerent  strata  contain  diilercut  fossils,  but  that  the  same 
sratum  over  a  very  large  extent  of  country  contains  generally  the  same 
fossils,  hence  he  deduces  the  important  conclusion  that  strata  may  be 
discriminated  and  indentified  by  their  organic  contents."^ 

Edward  Hitchcock  reported  *  on  the  "  Geology  of  Massachusetts," 
which  he  had  examined  under  the  direction  of  the  government  of  that 
State,  during  the  years  1830-'31.  Part  first,  or  economical  geology,  was 
published  in  the  Journal,  and  in  a  foot-note  the  editor  said  that  ^'  this  is 
the  first  example  in  this  country  of  the  geological  survey  of  an  entire 
State."  In  this  report  the  Connecticut  Hiver  sandstone  is  ciilled  the 
^'  New  Ked  sandstone,"  the  opinion  formerly  expressed  in  regard  to 
coal  occurring  in  Connecticut  and  Massachusetts  is  reconsidered,  and 
in  the  present  article  the  coal  formation  of  this  region  is  regardcil  as 
belonging  to  the  New  lieil  sandstone  or  its  equivalent.'^  The  Worcester 
anthracite  is  regarded  as  in  older  rocks  than  that  of  lihode  Island,  and 
the  Pennsylvania  anthracite  is  reported  as  occurring  in  the  higher  beds 
of  the  Grauwacke,  and  as  belonging  to  a  newer  horizon  than  that  of 
the  Khode  Island  coal. 

Geo.  W.  Featherstonhaugh^  did  little  more  in  the  way  of  classification 
than  theoretically  to  adapt  the  system  of  Conybearc  to  America.  The 
table  of  formations  is  as  follows :  (details  only  of  the  parts  pert'aining 
to  the  present  discussion  are  here  given): 

Feet 

f  17.  LyiM 

I  1<>.  Viiru'Kat^tl  or  red  luarl 500 

I  lo.  Mii8clielkalk ;{iX) 

i  11.  New  lied  oaudot  one ;{00 

13.  Zecbsteiu 500 

vTi.  Exeter  red  congluinorato 500 


'  Supermedial  order. 


Secondary . .  ^ 


,  Medial  order 


< 


11.  CoalbwlH 1,000 

10.  MillKtone  i^rit  and  HhaloD ftOO 

9.  ( -arboni  feroiih  li  ineNt4)ne 850 

H.  Old  Ke<l  saiidst^jno 1,500 


»  Aiii.  .loiir.Sci.,  vol.  22,  pp.  4, 11-12. 
•Ibid.,  pp.  1-70 
'Ibid.  p.  43. 

*  Foatbentonhaujcb,  G.  W.  :  Ou  tlio  onlur  of  8urce.f«ioii  of  tho  rocka  comvoa\uc;l\iv.'  cyw^^V.  ol  VXiv.  «ax>\\ 
liontlily  Am.  Jour.  GtolnndNuU  SoL,  voL  i,  W2,  pp.  3;;7-3l7. 
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Tran8itlon....SubiiiedW  order....  j   J;  xJSStlS^^^i^^ 

In  1833  Baton  ii:ave  reasons  for  referring  the  Pennsylyania!  iXMAbedi 
to  the  Secondary  Goal  Measures  of  Burope.^  In  this  artide  JteiBraMa 
is  made  to  coal  plants  collected  by  Mr.  James  Hall,  then-acUaoofc  pv»: 
feasor  in  Rensselaer  Institute.  Baton  defended  ^is  refiBrenee  of  the  eoal 
beds  of  Pennsylvania  to  the  '<  Secondary i"  and  mentionad  his  Jdentift- 
cation  of  twenty-three  species  of  the  specimens  of  fema  oolleoted  by 
Hall  with  species  described  by  Brongniart  fh>m  the  great  Seoondaiy 
coal  formation. 

J.  B.  Gibson,  in  1833,  recogniced  in  Pennsylvania^  New  Tork^  Upper 
Canada,  Ohio,  and  Michigan,  two  superior  formations:  the  Sew  Bed  nmd- 
stone^  associated  with  which  he  reports  Mfignesian  limestone,  gypsam,  and 
rocksalt ;  resting  on  this  is  a  calcareouB  fanHationf  forming  the  oatanots 
of  Niagara,  Onondaga,  and  Genesee.'  Of  the  limestone  along  the  Niagara 
Biver  he  said : 

It  correspondB  in  aU  material  rwpeota  to  the  Lias  of  the  EogUah  geologiato  and 
corroborates  the  Getman  doctriae  of  nni versal  formaiioiiB.* 

And  more  of  the  same  kind. 

Bituminous  coal  in  Alabama  was  reported  by  Alexander  Jones  in 
18«'{4,  and  a  section  was  run  across  the  country  Irom  Baltimore  to  the 
Ohio  lliver  by  William  E.  A.  Aiken.^ 

In  1834-'35  the  Transactions  of  the  (Geological  Society  oJT  Pennsylva- 
nia, vols.  1, 2,  were  published. 

llichard  0.  Taylor  had  several  papers  in  these  transactions  in  regard 
to  the  geological  position  of  the  coal  deposits  of  Pennsylvania  and 
Bichmond,  Virginia.^  Ue  recognized  in  the  plants  from  Lewistown, 
Mifflin  County,  Pennsylvania,  ^^  marine  plants  of  the  family  Fucoids, 
from  the  Grauwivcke  group,  and  the  Old  Eed  sandstone."  ^  In  one  arti- 
cle Taylor  shows  that  coal  is  not  to  be  expected  to  the  northward,  as 
the  dip  of  the  rocks  is  soutliward.  In  PI.  8,  Fig.  5,  the  true  relation 
of  the  beds  from  Biossburg  northward  to  the  Chemung  Kiver  is  given, 
and  from  observations  made  upon  the  dip  of  the  rocks,  decreasing  north- 
ward, he  estimated  that  the  rocks  at  the  Chemung  Biver,  *^  Chimney 
Narrows,"  would  be  G,275  feet  below  the  summit  of  the  hills  of  the 
Tioga  Jiasiu.  These  beds  below  the  Biossburg  coal  basin  are  called 
i^Old  Bed  sandstone,"  and  he  regarded  them  as  6,000  or  7,000  feet 
thick.'' 


■The  coal  bods  of  Pennsylvania  equivalent  to  the  f^reat  Secondary  Coal  MeasuTba  of  Europe; 
Am.  Jour.  Sci.,  vol.  23,  p.  3U9. 
'This  is  the  Niagara  limestone. 

*  Am.  Jour.  Sci.,  vol.  23,  p.  203. 

*  Aiken,  Dr.  William  £.  A.:  "  Some  notices  of  the  f^eology  of  the  country  between  Baltimore  and  the 
Ohio  Hi  ver.  with  a  section  illustrating  the  superposition  uf  the  rucks."  Am.  Jour.  Sci.,  Ist  ser.,  vol.  26, 
1834,  pp.21 9-2:i2. 

•Vol.1,  pp.  5-15. 

•l>p.  204-223:  "On  the  mineral  basin  of  the  coal  iield  of  Biossburg,  on  the  Tioga  Klver,  Tio^a 
County,  Pennsylvania.'* 
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Of  fossils  he  named  the  following  as  occniring  in  these  beds:  ''  Pro- 
diicta  and  CrinoMal  remains,  and  occasionally  Fucoides^  CarophyUea^ 
Pecteng,  and  JSpirifer  are  interspersed."  This  is,  apparently',  the  first 
identification  of  the  Ghemnng  group,  as  it  is  now  called,  of  the  Upper 
Devonian. 

He  discnssecP  *<a  section  passing  throngh  the  bituminons  coal  field 
near  Richmond,  Virginia,"  and  gave  a  full  account  of  'Hhese  interest- 
ing beds  of  coal,"  which  he  regardeil  as  <<  probably  of  Transition  age" 
rather  than  Secondary,  to  which  position  Mr.  Maclnre  referred  them. 

At  that  time,  apparently,  the  fossils  had  not  been  studied,  ignorance 
in  regard  to  which  left  the  geologists  in  the  dark  as  to  the  true  position 
of  these  Mesozoic  deposits. 

An  account  is  given*  of  stu<lies  of  sections  for  250  miles  across  Vir- 
ginia and  Maryland.  In  the  discussion  the  Primitive,  Transition,  Old 
Red,  and  Secondary  rocks  are  recognized,  and  the  Fredericksburg 
plant  beds  were  referred  ^  to  the  "Oolitic"  of  Kurope. 

In  another  paper  the  coal  beds  of  the  Alleghany  Mount<ains  are  callod 
^'  Secondary,  with  Old  Red  Sandstone  lying  under  them,"  and  on  the 
other  side  of  the  anticline  were  seen  other  coal  beds,  which  Mr.  Taylor 
called '*  Transition."  A  cut  is  given  ^  presenting  the  true  relations  of 
the  Chemung  and  l^Iossburg  deposits,  but  the  I>lossburg  coal  is  re- 
garded as  Secondary. 

In  the  same  Transactions,'  Edward  Miller  described  a  portion  of  the 
Alleghany  Mountains,  in  which  ho  recognized  the  coal  ibrmations  as 
belonging  to  the  "  Coal  Measures." 

Gerard  Troost,®  in  a  paper  on  certain  Pentremites  found  in  Tennessee, 
Alabama,  and  Kentucky,  identified  the  rocks  of  Perry  County,  Tonnes- 
see,  as  "a  stratum  below  the  Coal  Mesisures,"  regarded  by  him  as  *'in 
the  Upi>er  Transition."  In  the  same  rocks  with  the  Pentremites  were 
found  TrUobit^Hj  Calceolu  santlalina^  Calamopora^  Terehratula^  Spirifera^ 
Producta^  etc. 

In  some  cases  the  limestone  had  an  oolitic  structure.  The  limestone 
near  Nashville,  Tennessee,  was  referred  to  the  "  Mountain  limestone  of 
the  English."  The  conclusion  is  that  the  beds  containing  the  Pentre- 
mites of  these  Southern  States  characterize  "the  Upper  Transition 
limestone"  of  the  interior  of  America. 

The  same  author' wrote  "  On  the  organic  remains  which  character- 
ize the  Transition  series  of  the  Valley  of  the  Mississippi."  In  this  arti- 
cle he  included  "  Mountain  lime^itone"  in  the  "  Transition  strata,"  be- 

'Oiipi>.276-2a4. 

^Onp.SU. 

*  Vol.  2,  pp.  177-1S3:  "On  tho  rol.itivft  poflitioii  (if  the  Tnuisiiioii  ftnd  Seroniliiry  coal  f'orni.itloiiM  in 
PennMylvauin,  aud  dewiriptiou  of  houio  TninMidon  coal,  or  ItitiiniinouH,  anUinuritts  nmi  iron  orr  IkmIa 
noar  Itroad  Top  Mountain,  in  BodforU  County,  ami  of  :i  coal  vuin  in  LVrry  County,  JVnn.tylvuuiu,  witli 
neotionii." 

•P.IM. 

•VoLl,p.251. 

«Ib!d.  PP.221-23L 

'  Ibid.,  248. 
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eaiifto,  as  be  says,  '<  tbe  fossils  of  the  Carboniferons  limestone  are.  tbose 
found  in  the  Oraawacke  of  Earope,  while  his  Oraawacke  is  withoat 
fossils  except  in  the  npper  strata."  The  *^  Oarboniferoos  limestoiM'  he 
considered  distinct  from  the  *<  Goal  Measares.'' 

In  1836  S.  P.  Hildreth  recognized  in  the  State  of  Ohlo^  oafnir  the 
nomenclature  of  De  la  BSche,  the  <<  Tertiary,  Snper-Oretaoemu,  Heir 
Bed  sandstone,  Bed  marl,  White  Lias  limestone,  Hillstone  grit  or 
Breccia,  Bituminous  coal.  Old  Bed  sandstone."  The  ^'Pittsbarg  cioal 
strata"  and  the  <* Carboniferous  limestone "  are  described.  An  "ex- 
tensive spring  of  petroleum  "  is  mentioned.  A  Isitge  number  of  fiMsilii 
are  fiprured,  thirty  plates  of  which  are  published  with  names  and  short 
descriptions.' 

In  1S3G  Featherstonhaugh  *  compared  the  deposits  of  anthracite  ooal 
and  bituminous  ooal,  and  stated  that  the  former  belongs  to  an  entirely 
distinct  geological  position  from  that  of  the  latter.  The  "  anthracite,'^ 
with  the  exception  of  Broad  Top  in  Bedford  County,  Pennsylvania^  is 
<^  without  exception  deposited  low  down  among  what  have  been  called 
tbe  Granwacke  rocks."  And  he  thinks  they  will  prove  '*  the  equiva- 
lent of  Mr.  Murchison's  Silurian  rocks."  ^ 

In  1837,  George  E.  Hayes  *  gave  his  reasons  for  differing  fSrom  those 
who  considered  the  rocks  of  western  New  York  as  of  Secondary  age. 
He  regarded  them  as  "  older  than  the  Carboniferous  "  and  of  Transition 
age." 

In  1838  Charles  T.  Jackson,  speaking  of  the  Coal  Measures  of  Mans- 
field, Mcossacbusetts,  refers  them  to  the  ^^Conglomerate  or  Orauwaoke."' 

Tliis  brings  us  up  to  the  time  of  tlie  Geological  Survey  in  New  York, 
and  the  work  of  tbe  Bogers  in  tbo  Pennsylvania  and  Virginia  rocks,  and 
the  clearing  up  of  the  classifications,  due  in  great  measure,  for  the  lower 
rocks,  to  the  publications  of  Murchison  and  Sedgwick  in  England,  which 
had  then  reached  America.  It  is  interesting  to  notice  that  so  long  as 
the  Transition  and  Granwacke  rocks  were  classified  in  accordance  with 
the  Wernerian  system,  nothing  satisfactory  was  reached.  The  Co.il 
Measures,  the  Saliferous  rocks,  the  Granwacke,  t)ie  Old  Bed  sandstone, 
and  the  Carboniferous  limestones,  wlien  attempts  were  made  to  identify 
them  in  this  country,  were  placed  in  the  positions  to  which  they  were 
assigned  by  the  Wernerian  school;  position  being  determined  not  by 
study  of  their  stratigraphy  alone,  but  by  the  primary  identification  of 
tlie  rock  from  its  mineralogical  characteristics,  which  were  supposed  to 
be  recognized,  and  then  by  an  arbitrary  reference  of  it  to  a  position  in 
the  system  corresponding  to  that  found  in  the  European  series. 


'ObrtervationH  on  tlio  bitiiiiiinouH  coal  dopoHiU  of  the  va11<*3' of  tho  Ohio,  anti  the  Arconipanying 
rock  Mti-atA,  with  notii-on  of  the  fosAil  organic  remains  ami  thr  rolica  of  vegotahk*  and  auinial  bcsla.. 
Am.  Joiir.Sci.,  vol.20,  pp.  1-154. 

*Ke)N>rt  of  a  f;oolo}*lcal  'reoonnoinRance  made  in  1R3I>,  from  tho  Hoat  of  Goverument  by  the  way  of 
Gro«*n  Hay  and  the  Wiaconain  Territory  to  tiie  CoUuin  de  Prairie. 

»()!).  rit...  p.  113. 

*Aw.  Jour.  ScL,  vol  31,  pp.  241-247. 
^JbM,,  vol.  34,  p.  395. 
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The  new  school  of  {^eologist^,  when  they  began  work  in  New  York 
State,  made  carefiil  8tratigra[)hio  observations.  Following  the  uietbods 
begnn  by  Marcbison  and  Seclgwick,  although  taking  the  data  from  the 
facts  as  they  fonnd  them,  they  arrived  at  a  correct  interpretation  of 
the  strata  of  New  York,  which  are  peculiarly  simple  in  their  strati- 
graphic  relations.  And  ultimately  the  *'  New  York  system,''  as  it  was 
afterwanl  called  (the  name  was  proposed  as  a  temporary  name  for 
convenience),  became  the  standard  section  for  American  Paleozoic 
rocks;  This  New  York  system  of  rocks  is  for  the  Paleozoic  one  of  the 
moat  x>erfect  and  satisfactory  geologic  sections  found  anywhere  in  the 
world,  and  may  well  stand  as  a  classic  section  for  the  interpretation  of 
the  rocks  which  had  been  called  Transition  in  the  older  nomenclature. 

In  1837,  the  first  annual  report  of  the  Geological  Survey  of  New^  York 
was  published.  In  this  report,  T.  A.  Conrad,  who  had  previously  stud- 
ied the  paleontology  of  Tertiary  deposits  along  the  coast,  and  was  rec- 
ognized as  a  paleontologist  of  ability,  reported  for  the  third  district 
of  New  York.  In  classification,  the  nomenclature  of  Eaton  mainly 
was  used.  We  notice^  that  in  the  main  the  strata  he  studied  were 
recognized  as  belonging  to  '*  the  Silurian  or  Lower  Transition  rocks. 
Thus  it  will  be  seen  that  the  Murchisonian  chussiflcation  had  already 
reached  America. 

In  this  first  report  si>ecial  attention  is  called  to  the  importance  of 
having  the  fossils  carefully  studie<l  by  a  man  specially  appointed  for  that 
puri30se,  as  State  paleontologist.  The  next  year  Conrad  was  appointed 
paleontologist 

In  the  second  report,  1838,  Conrad,  as  paleontologist,  reported  the  fol- 
lowing pointi),  which  will  show  the  progress  that  had  l>een  made  during 
the  year.  He  concluded  that  with  the  exception  of  the  upper  part  of 
the  Catskill  Mountains,  the  rocks  of  the  State  terminate  with  the"  l^^p- 
per  Ludlow  rocks''  of  Murehison  ;  and  he  noted  that  the  fossils  in  the 
strata  below  the  coal  in  Tioga  ('ounty  are  the  same  as  those  in  the 
Coldbrook  Dale  coal,  and  also  that  the  same  fossils  are  recognized  in 
Ohio.« 

Among  the  fossils  discovered  in  the  various  strata  he  found  what  he 
regarded  as  equivalents  of  those  reported  from  foreign  rocks  in  the  fol- 
lowing places : 

(1)  Below  the  Catskill  strata  fossils  equivalent  to  those  of  the  Lud- 
low.' 

(2)  A  limestone  and  two  strata  of  sandstone  with  fossils  equivalent 
to  those  of  the  Dudley.* 

(3)  The  «^  Calciferous  slate  "  of  Eaton,  containing  the  gypsum,  was 
cx)rrelated  with  the  "  dye  earth  "  of  Shropshire. '• 

(4)  The  "  Saliferous  sand  rock  "  of  Katon,  was  the  Red  sandstone  at 
Niagara  and  Genesee  Rivers  (now  the  Medina  sandstone.") 


•Op.  Ht.  p.  184.  *Ihia.,p.  111. 

»  Op.  cit.  lip.  109, 110.  fc  l\m\..  V.  \Vi. 

«JWA,  p.  no.  *l\>\ii..v.  \VA. 
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(5)  Olive  sandstone  and  slate  of  Salmon  Biyer,  Oswego  Ooonigr  {0^( 
two,  4  and  5  were  recognized  as  eqnivalents  of  *^  the  fonrth  gionp  in 
the  slate  system  of  WaleSy"  as  defined  in  Phillip^sEnoydopttdiii Metro* 
politana,  article  Qeology,  p.  668.) 

(G)  Tlie  black  limestone  and  sbale  of  Trenton,  thie  *<  Birdseye  lime- 
Atone,"  and  <^  calciferons  sand  rock  "  of  Eaton,  and  the  graniracke  and 
slate  of  Hudson  Biver,  he  recognized  as  equivalent  to  the  '*  UandeDo 
flags  ^  of  Murchison.^ 

In  this  rei>ort,  also,  thirteen  species  of  fossils  are  described  firom  the 
first  group  above,  which  he  regarded  as  equivalent  to  the  Ludlow.* 

The  localities  given  are  Norwich,  Oazenovia,  Madison,  and  Sher- 
burne. Since  all  these  localities  are  Devonian  localities,  and  the  fossils 
are  Devonian  fossils,  it  is  evident  that  in  1838,  the  paleontologist  Gon- 
ra<l  regarded  these  Devonian  rocks  as  equivalent  to  the  Ludlow  group 
of  the  Upper  Silurian  of  Murchison. 

Lardner  Vanuzem  reported  for  the  third  district'  and  appears  to  fol* 
low  Platen's  nomenclature,  except  in  a  few  new  names,  like  ^'  Trenton 
limestone,"  which  had  already  been  published.  Fossils  are  given  for 
''Trenton  limestone, black  shale,"  ''green  shale  and  sandstone,''  '^npper 
linie.stono,"  "  white  sandstone"  (which  can  be  recognized  as  the  Orls- 
kany).  The  species  in  this  report  were  evidently  determined  by 
Con  rail. 

James  Hall  reported  for  the  fourth  district  This,  it  will  be  remem- 
bered, includes  the  rocks  of  the  State  from  Cayuga  Lake  westward. 
Tliese  roci(s  were  regarded  as  equivalents  of  the  Old  Bed  sandstone 
ami  Carboniferous  groups,  and  stratigraphically  above  the  Silurian  sys- 
tem of  Mureliifion.*  Some  erroneous  identifications,  however,  are  evi- 
dent; what  la  now  the  Medina  sandstone  was  called  in  this  report  "Old 
Ked  sandstone,"  and  tlieCorniferous  limestone  was  identified  as  "Car- 
boniferous or  Mountain  limestone."* 

W.  W.  Mather,  in  1H.S8,  published  the  first  annual  report  of  the  Geo- 
logical Survey  of  the  State  of  Ohio.  In  his  identifications  ho  mentioned 
first  the  great  limestone  deposit,  wliich  he  correlated  with  the  "Moun- 
tain or  Carboniferous  limestone"  of  Europe.  He  defined  this  as  cover- 
ing the  western  border  of  the  State.  He  named  a  number  of  fossils 
from  this  limestone,  which  are  evidently  erroneously  identified,  as  tlie 
formation  is  Silurian,  and  not  Carboniferous,  as  he  supposed.  His 
third  formation  he  called  "  Waverly  sandstone  series."  Other  i)oints 
of  the  correlation  were  made,  as  "conglomerates,"  and  also  an  "upper 
coal  series,"  but  it  is  particularly  important  to  notice  that  originally 
the  formations  called  "  Carboniferous  limestone"  in  America  were  not 
correctly  identified. 

The  second  annual  report  of  the  Geological  Survey  of  Ohio  was 

'  X.  Y.Gftol.Surv.,2il  Rep.,  p.  114. 
>  Ibid.,  p.  116. 
»lbid.,pp.2.'>.r286. 
*  IhiiL,  p.  291. 
'See  '*map  aiou^  iho  GouAAHce  River  from  UocVeRlex  ftov\W\^ax^.^* 


>.]  THE  FIRST   OHIO   SURVEY.  41 

bed  in  1838.     The  director  of  the  work,  and  editor-in-chief,  was 
.  Mather.     The  volume  cont^iins  reports  by  Mather/  O.  Whit- 
?  J.  W.  Foster,'  C.  Briggs,  jr.,*  and  J.  Locke.* 
he  geoIo|;ical  parts  of  this  report  we  have  general  descriptions 

regions  snrveyed  and  some  location  of  the  order  of  the  strata, 
D  particularly  in  a '^  table  re])redenting  the  geological  structure 
io,^  prepared  by  C.  Briggs,  jr.,  which  is  as  follows: 

rocks  of  the  State  arc  divided  into  six  formations,  which,  from 

downward,  are  in  the  lollowing  order:  "(1)  Alluvium,  (2)  Ter- 
(3)  Coal  Measures,  (4)  Fine-grained  sandstone,  (5)  Shales,  and 
luntain  limestone." 

"Mouutain  limestone  (G),-'  whi<!h  is  said  to  be  about  a  thousand 
,  thickness,  and  is  <lcfiiied  as  ^'beds  of  limestone  intermixed  with 

*  judging  ftx)m  the  localities  in  which  it  is  i<lentified,  is  probably 
•rniferous  limestone.  The  "  Finegrained  sandstone  (4),"  underly- 
e  Coal  Measures,  is  apparently  the  "Waverly  sandstone  series" 
first  report. 

John  Lo<;ke's  report  "^  a  generalized  section  of  the  southwestern 
f  Ohio  is  given.  In  this  section  the  lollowing  deposits  are  recog- 
beginning  at  the  bottom  with  "(1)  Blue  limestone,"  [the  Cincin- 
imestonej,  "(2)  Marie,  (3)  Flinty  limestone,  (4)  Marie,  (5)  Clilt 
one,  including  basins  of  iron  ore,  ((>)  r>itun)inous  slate,  an<l  (7) 
[rained  sandstone.'^ 

ill  be  seen  from  this  report  that  nothing  had  been  done  to  cor- 
accurately  the  deposits  with  any  of  the  systems  then  in  use. 
r  was  one  of  the  corps  of  geologists  engaged  in  the  State  survey 
V'  York,  and  it  was  not  until  later  than  1838  that  the  New  York 
jists  had  adopted  any  systematic  claHsilieation  of  rocks, 
loughton's  report  of  the  snrvey  of  iMichigan,  the  coal  formation 
eeognized,  but  the  classilleation  was  not  correlated  with  the 
ean  system,  and  merely  the  nature  of  the  ro(jks  and  their  order 
lefiiuMl. 
Indiana  identirieations  had  been  made  of  the  "coal  formation" 

*  Subcarboniferous  rocks,"  inrlnding  the  "Oolitic  limestone, 
inlic  limestone,  etc.,"  which  w«»re  rightly  identified  in  their  strati- 
ic  relations  to  the  ( -arboniferons.  Tliey  were  regarded  by  J).  J), 
as  similar  to  the  Monntain  limestone  of  the  I'^uropeans." 
Tennessee  (fourth  report,  by  (J.  Tr(M>st),  tlie  "  Trimordial,"  the 
iwacke,"  the  "Mountain  limestone,"  and  tlie"C/Oal  ISIeasnres" 
listinguished.  and  an  immense  <leposit  of  sandstone  was  recog- 
betweei^  the  (Irauwaeke  and  the  Mountain  limestone  which  was 

led  as  equivalent  to  the.  Old  Ked.^iiindstone  of  the  Hnropean  geol- 

9 


'  I»p.  1-10.  •Lor.  lit.,  p.  lUH. 

'l»p.41   7l».  » Sir  p. 'J(i:,. 

^  Pp.  73  107.  "S40  Am..limv  Sv.\.,\x>\.'\\,v-V». 

*Pp.  I»a-l-i4.  M\mV..\»\»^"4. 
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Petinsylvaiiia:  H*  D.  Borers  had  i>eon  stadying  the  rooks  ef  Penm* 
Kylvaiiia,  and  thore  was  piibliHbed  iu  this  year  a^geuemlised  seuiioa  of 
tbe  Appalachian  region  of  Pennsylvania.'  The  fbrmatioiis  redogniied 
by  liogers  wore  as  follows : 

1.  Sandstone  of  South  MonntalB. 

2.  LimoHtoneofKittatiny  Valley. 
:).  Slato  of  Kittatiny  Valley. 

4.  SatiflHtoDe  and  conglomerate  of  Kittatiny  Valley  and  Blae  Monntaln. 

5.  K^mI  and  variegated  sandstone  and  shale  of  the  valley  northwest  of  Kitta- 

'tiny. 
n.  B1  no  limestone  along  the  north  base  of  Kittatiny  and  both  aides  of  Montom's 
Kidge. 

7.  Sandstone  of  the  first  ridge  north  of  Kittatiny. 

8.  (^live-colored  slate  of  the  valley  between  Kittatiny  and  second  naonntain, 

9.  Ke<l  sandstone  and  shale  of  sontheast  slope  and  base  of  Alleghany  Moun- 

tains. 

10.  Sandstone  and  conglomerates  of  second  mountain,  and  of  soatbeast  summit 

of  Alleghany. 

11.  Ked  shale  of  anthracite  coal  regions. 

12.  Conglomerates  and  sandstones  immediately  below  the  Coal  Measures  (Broad 

Top  and  Alleghany  coal  region) 

13.  Anthracite  Coal  Measnres. 

It  is  interesting  to  note  that  this  system  of  nnmbers  for  the  rarioos 
formations  was  made  ont  about  tbe  same  time  that  the  system  of  no- 
menclature adopted  by  tbe  Now  York  Survey  was  being  forme^.  Both 
systems  have  struggled  for  existence  in  some  parts  of  the  country'. 
Tbe  system  of  Rogers  was  one  based  strictly  upon  the  nature  of  the 
rocks  and  tboir  stratigrapbic  seqnence,  and  in  so  far  is  satisfactory  for 
that  particular  region  ;  but  tbe  New  York  system  was  defined  in  addi- 
tion by  tbe  fossil  contents  of  tbe  various  formations,  and  an  attempt 
was  niadc^  at  tbe  very  start  to  correlate  tbem  with  tbe  several  forma- 
tions defined  by  tlie  Euro]>ean  geologists. 

Wbetber  we  adopt  local  geographical  names  or  not,  it  is  doubtful  if 
simple  nuinbors,  as  propo.sed  in  tbe  Pennsylvania  system  of  Rogers, 
will  ever  be  satisfactory  except  for  a  limited  region. 

In  this  same  year,  1S.S8,  we  have  a  report  upon  tbe  Upper  Illinois, 
by  C.  IT.  Sh(^|)ar(l.'  Tbe  name  "  Magnesian  limestone"  is  applied  to 
tbe  "great  limestone  rock  formation  extending  from  near  Gbicago  to 
tbe  Kankakee  lliver,"  and  in  various  places  tbe  coal  formation  was 
recognized.  Several  sections  of  tbe  coal  formations  and  descriptions 
and  figures  of  some  plants  and  fossil  shells  are  given. 

Prof,  J>(nvey,  of  Rocbest<M',  gave  an  account  of  some  observations 
on  tbe  rocks  iu  western  New  York.  Tbe  rocks  south  of  Rocbest-er 
were  misunderstood  by  bim  on  account  of  tbe  misinterpretation  of  tbe 
fossils;  for  instance,  tbe  "limestones-'  were  regarded  as  tbe  same  as 
those  of  Trenton  Falls,  and  as  belonging  to  the  Transition,  and  were 


•  S»>o  A?n.  Jour.  Soi.,  vol.  'M,  pp.  IhO,  !!)(». 
«nM(I..  pp.  i:«-Uil. 
»Jbi<I.,vol.:W,pp.  12M23. 
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mfi^lit  to  ^^rank  with  the  Mountain  limestone  of  Enrope,  and  rest  on 
)  Old  Red  Handstoue."^  By  the  latter  term  he  evidently  meant  the 
tdina  sandstone. 

[n  1839,  T.  A.  Conrad  published  ^'  Notes  on  American  Geology."' 
I  nsed  the  term  ^^ Trilobite  rocks"  for  what  had  previonsly  been 
led  the  Transition  or  the  Silurian  system.  In  this  paper  ho  stated 
it  ^^  Strophomena  is  the  most  characteristic  of  the  Trilobite  system  ;" 
it  "Product*  has  as  yet  been -found  only  in  the  upper  term,"  or 
*yritiferous  rock"  of  Eaton,  and  that  the  "Producta  is  abundant  in 
)  Mountain  limestone  where  Strophomena  is  rare,"  and  that  this 
lus  is  "  eminently  charaeteristic  of  the  Carboniferous  system."  This 
licate^  a  careful  observation  of  fossils,  although  the  identifications 
\  broader  than  customary  at  the  present  time. 
n  1839,  Whittlesey,  Ch.,  recognized  the  following  classification  of 
J  rocks  of  Ohio : 

1.  Coal  Measures. 

2.  Cooglomorate. 

3.  Wavcrly  soriot). 

4.  (HlAt^lt  fthale,  Hamilton  and  MnrcollnR). 

5.  Clifi'limoHtoiie  (includinp;  Coriuioroiifl  and  Ononrlap^a). 

The  "  Hamilton  and  Marcellus  shales  "  extended  from  the  lake  to  the 
se  of  the  Newburg  section.  **  Chemung  and  Portage"  includes!  the 
;ks  of  Newburg  and  I>edrord  and  above  to  abouthalf  way  to  Hudson. 
Vlurchison,  in  his  "Silurian  System," -Mjondon,  1839,  proposed  the 
lowing  names. 

Oolitic  8j  stem.*  Silurian  svstcm.' 

Now  Ro<l  Rystom/  Upper  Silurian  rocks,* 

Carboniferous  syHtem.®  Lower  Silurian  rocks.* 
Old  Kod  systoin.^ 

il  quotes  the  term  "(:aiiibrian  System,""  from  Prof.  Sedgwick.    The 

rds,  "  Oolitic,"  "Nc^w  lied/'  'H^arboniforous," "Old  Red,"  were  names 

Ml  before  and  applied  to  cortain  rocks,  but  their  use  in  connection 

Lh  the  word,  "nystem,"  is  apparently  intro<Uieed  for  the  first  time  by 

ircliison. 

riie  following  is  the  classilication  proposed  by  Mnrchison  as  it  ap- 

ars  upon  his  map: 

[nferior  oolite i 

I'ppcr  lias  and  iiiarlHtone [-Oolitic  syHtcm. 

l^owi*r  lia-s ) 

Jpper  red  marl \ 

\«Mip(»r  Man<lHtoiie j 

Lower  Retl  mnrl '    -       _.    , 

Vow  lx»ed  Handstone /  N*'^  I^mI  Hvst^Mn. 

JalcairoiiM  C«Mij^h>iii«T:iti«  (M;ij;iu'.si:iii  rmnistoiM') 

f-«ower  New  Ked  SMiid'stnnc 


\  III.  Jour.  Si*L,  vol.;{,{,  p:i::e  VSA. 

hid  ,  vol.35.  pp.2:J7-2ril. 

Chft  Silurian  SyHh'iii.  t'ouiitU'il  on  (Jrolu^^ioal  Ko-^onrchoH  intlie  conntios  of  Salop,  Herofonl,  liadnor, 

itfrninory.Cacnnartlien.  l'.i-r>oon,  iNinluok.',  Moiuiioiitli.  (ilonr«^st^r,  WorroMtor.  ftml  Stillonl,  with 
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if.  Upper  Coal  jukI  FroHli-watrr  lime "j 

'!'  'VT7^''»^''^'^"""'"'^ lcarboiiife«*n«8yHteiiu 

h.  MiHsNuie  grit I  • 

I.  (Carbon if croiiH  liiiiOMtoiie J 

it.  Old  Ked  Conglomerato i 

I.  Cornstoiio  ami  iiiarlHof  Old  Hvd >OId  Red  system. 

Hi.Tilestoncof  Old  Rwl \ 

II.  Ayim^Htry  and  Ludlow  I  j^,,^^j^^ 

l.i.H.8i,m« ..  f  I       ^  g.,^    . 

w.  Lo\V4»r  Ludlow  roi'k..  J  {  p,w.l« 

0.  WtMjIock  linipstonc...  }  '  '^"*^'"'- 


Wo II lock  .. .  ( 


'Silurian  system. 


o.  Weiiloi'k  Hlialo ^ 

j>.  Ujipta-  Caradoc  (with  ) 

liiiu\st(»no) ^CarAdoc "j 

p.  C'aradoc  Handstono  ...  )  [..  .Lower  Silurian 

,/.  Llan.l.-ilo  llaRs    (an.l  J  i^,^,,,,,,;,,,  ..  (  i-orkH. 

llllll'.StOlM') \  ) 

r.  Up])er  Cainbriaii  (buds  of  pa.Hsngu) ^Cambrian  system  (part 

«.  Slaty  Cambrian  rocks \      of). 

M.  (le  Veriieuil*  giwe  the  following:  classification: 

C  1.  Coal  MoaMnres  and  Millstone  grit-. 

Carboniferous  System /  *2.  Mountain  limeshmc. 

/  3.  Ijower  Carboniferous  sli ales. 

(1.  Upper  Silurian  (including  Old  Red  sandstone  and 
Devonshire  strata). 
2.  Middle  Silurian. 
'X  Lower  Silurian. 

Tluis  ovidontly  following:  Murchison,  and  lie  pointed  ont  tlie  error  of 
Foster  of  Ohio  and  otlicr  American  geolof^ists  in  identifying  limestones 
containing  Silurian  fossils  as  '^Mountain  limestone." 

Jn  the  same  joarnal,  in  the  following  year  (1S41),  J.  W.  Foster  ex- 
plains  that  tlie  Silurian  fossils  came  from  a  formation  wrongly  called 
bv  him  **  Mountain  limestone." 

In  a  review  of  the  report  of  the  geologi<'al  and  agricultural  survey 
of  the  State  of  Riiode  Island,  by  Charles  T.  Jackson,'^  tlie  reviewer  gave 
the  foHowing  opinion;  "In  di^termiiiing  the  geoh)gical  age  of  rocks 
])r.  flackson  gives  a-  preference  to  superposition  of  strata  and  the 
mineralogic^al  composition  over  zoological  and  botanical  characteristics, 
whi<*h,  however,  he  allows  to  be  of  great  value.  He  ju'efers  also 
the  WiMuerian  <livision  of  Transition  rocks  to  the  namc^s  Cambrian 
and  Silurian  proposed  for  certain  grou]>s  in  Kugland,  whieh  he  thinks 
will  ih'ver  be  regarded  in  this  country  as  appropriate  terms  for  onr 
rocks." 

This  is  an  indication  of  the  j)rejudic<»  which  is  not  conlined  to  the  old 
geologists  or  to  the  early  stages  of  geological  sci(MJC(%  but  whi(*h 
troubles  us  at  the  i)resent  tiuie.  'I'h(»  nauies  "Camlnian"  and 
*'Siluri5in,"  within  10  years  of  the  tim(»  wIkmj  »lackson  wrote  this,  were 
almost  universally  adopted  by  Americaus  whent^ver  the  formations 
included  under  thcst*  names  were  under  eonsideration,  and  the  Wer- 
nerian  svstem,  for  which  »Jaekson  and  many  of  his  associates  at  that 

'  ViTiHuil,  I-i<l.iU>:  Snr  riiiiporlaiii't-  ili>  l:t  limifi-  qui  >•(  parr  1**  (.ilraiii'  iiiiiiit:ii:nc  ilfs  (nidi.'itiniiH  qui 
)»'}  mmt  inlViMMire"*.     Soo.  ;ii»l.  rraiiri'.  IJiill..  I'-'iO,  mi1.*_',  pp.  lOiJ  171*. 
'Am.  Jour.  Sai.,  vol.40,  18W,  jiji.  i«2.  In;;. 
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time  strennously  foaght,  has  been  entirely  superseded.  Attempts  to 
fetter  the  progress  of  science  by  holding  on  to  established  systems  are 
always  to  be  avoided,  and  those  nrho  have  the  interests  of  true  science 
at  heart  should  jealously  watch  against  the  prejudices  which  tempt 
them  to  cling  to  those  things  which  have  been,  merely  because  they 
have  been. 

In  1S40  Ck)nrad  published  a  paper  <'  On  the  Silurian  s^'stem,  with  a 
table  of  strata  and  characteristic  fossils."  ^  This  paper  appears  to  be  in 
its  essential  features  the  same  as  the  table  published  in  the  fifth  annual 
rei>ort  of  the  State  of  New  York  in  the  following  year.  Ho  had  studied 
the  Silurian  system  of  Murchisou  and  found  spread  over  the  greater 
part  of  New  York,  Ohio,  Indiana,  Kentucky,  and  Tennessee,  and 
terminating  on  the  south  in  the  mountains  or  hill  regions  of  north 
Ah&bama,  rocks  which  rcpresonteil  the  Silurian  system.  lie  reported 
in  the  vicinity  of  Florence  and  Tuscumbia,  Alabama,  the  ^^Oriskany 
sandstone."  At  Blossburg,  Pennsylvania,  the '^  Old  lied  sandstone" 
was  recognized  by  the  presence  of  Uoloptychius.  On  the  western 
slopes  of  the  Appalachian  he  found  the  Carboniferous  system  well 
develoi)ed,  with  the  MonuUin  limestone  rare  and  generally  in  thin 
deposits.  The^^Newllud  sandstone"  was  recognized  in  very  limited 
areas.  No  traces  of  the  ''Oolitic,"  the  "Lias,"  or  "Wcaldeii"  were 
recognized.  The  ^'CreUicoous"  was  widely  distributed  and  the 
^'Tertiary  formation"  was  reported  as  occurring  on  the  sea  border. 

In  New  York  State  the  "Lhmdoilo  tiags"  were  recognized  and  the 
"Caradoc  sandstone"  Wiis  regarded  us  the  equivalent  of  the  "Trenton 
limestone."  The  "  Wenlock  shale"  was  recognized  in  the  "  liochester 
shale"  and  the  "Calciferous  slate"  of  Eaton.  The  "Wenlock  lime- 
stone" was  identified  in  the  "Helderberg  limestones,"  six  of  them. 
The  "  Ludlow  rocks"  were  not  defined  in  this  paper.  A  table  is  given- 
showing  the  characteristic  fossils  of  each  of  the  formations  and  their 
English  equivalents  i\s  represented  in  Murchison's  Silurian  system. 
This  pa]>er  is  particularly  interesting  as  the  first  exliaustive  attempt  to 
correlate  th^  formations  of  America  with  those  of  Murchison's  Silurian 
system  by  means  of  their  fossils  alone.  Previous  attempts  hud  been 
made  by  him  to  correlate  the  New  York  rocks  with  the  English  rocks 
in  general.' 

In  a  notice,  by  O.  P.  Ilubbard,  of  the  third  annual  report  on  the 
Geological  Survey  of  New  York,*  a  few  remarks  are  made  which  show 
the  confusion  which  existed  at  this  time  regarding  the  classification  of 
the  New  York  rocks.  Ue  shows  that  there  was  considerable  dillerence 
of  opinion  as  to  the  position  of  tlie  rocks  in  central  and  western  New 
York.  "They  have  been  alternately  described  as  Transition  and  Sec- 
ondary."   "The  Saliferous  groui)"  is  counted  as  above  the  coal  series, 

>  Am.  Jour.  Sci..  vol.  38,  pp.  80-113. 

>  Ibid.,  pp.  8!),  00. 

'Seo  Now  Vork  aiiuiial  reports. 
« Am.  Jvui'.  bci.,  vuL  'd'J,  pp  95-108. 
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and  tbU  with  tlie  "  Bandstone  of  Boohester "  is  regarilvd  ns  Xew  It«d 
sandstuue.  The  toAb  of  the  fonrth  dutrict  are  ooasiderutl  as  belung- 
lag  to  the  "  Old  Bed  aandatoue  and  the  Oarboaif^Ds  groiiit,'*  atid  tu 
lie  "above  the  Biluriao  system  of  Mr.  MDrchison,"  a  coiiuIumou  liasvd 
in  pnrt  npoa  the  organic  remains. 

This  uonfusion  was  doubttesa  doe  to  the  fiiot  that  the  W«DerlaB 
method,  which,  somewhat  modified,  was  seea  in  the  esxlier  voAs  of 
Eaton,  was  inoonsisteut  with  the  new  method  which  was  being  elabo- 
rated by  the  N^ew  York  State  geologists.  Those  who  thoogfat  Id  tarmi 
of  the  first  considered  the  new  method  revolBtionary. 

Prof.  Eatou^s  systematic  work  heretofore  followed  the  Eogthb  treat- 
ise on  geology  by  Bakewell.  In  an  article  which  appeared  in  18ID>  he 
quotes  an  outline  of  the  system  of  Brooguiart,  proposed  in  1829,  whi^ 
he  status  the  author  still  maintained  iu  1840.  As  Eaton  used  tlds  qv  - 
tern  and  attempted  to  defend  its  applioation  to  American  nrnks,  it  iii*y 
be  worth  while  to  record  Brongniart's  system  of  dassiUcaUon : 

1,  Primitive  cluB  (AgalysieDt,  overthrciwlDg  or  bre»king  up  by  Intorml 

U.  TraDaition  olM«(HBiiiiifBient,  Iialf  brealtiog  apbjr  latetD*!  fonm), 

3.  Luwer  Secondary  oiaw  (Abytaiuat,  doepeat  ubyM  of  the  ooeu). 

4.  ITiipec  SeoondATy  clou  (PolHKiuut,  tbe  ooewt). 
'               &.  Turtiary  olaau  (Tbalawioat,  the  mft). 

G.  Diluvial  cloait  (Clyeinieiit,  ttie  duluge}. 
7.  AllnvinI  dooB  (wftabed). 

It  will  be  seen  from  the  terms  used  that  Brongniart  considered  the 
rocks  to  be  formetl  in  the  Priuiitive  class  by  the  overthrowiug  or  break- 
ing up  proce8»03  due  to  internal  forces ;  the  Transition  elass,  half  to 
this  oi>tinitiou ;  the  Lower  Secondary  chiss,  to  the  sedimentation  of  the 
deep  abyss  of  the  oc«au ;  the  Ui)t>er  Secondary,  to  tho  ordinary  depo- 
sition of  the  ocean ;  the  Tertiary,  to  tlie  shallow  seas  or  modern  seas; 
tbe  Uilnvial,  to  fi.oods  or  deluges  on  tbe  laud;  and  the  seventh, 
Alluvial,  to  the  washing  of  rivers  and  streams. 

The  general  theory  of  tbit<  interpretation  of  the  strata  was  proposed 
earlier  by  Lehmann,  and  is  associated  with  the  general  notion  that  the 
eartb  was  formed  from  water  solution — Urut,  tiy  a  chemical  crystalliza- 
tion aud  depositiou,  and  later  by  sedimentatiou  from  tbe  ocean,  at  first 
higher  up  iu  tbe  liills,  and,  as  tbo  water  evaporated,  lower  down  iu  the 
valleys.  This  general  theory  pervades  various  systems  of  tbe  early  part 
of  tbe  century,  and  may  be  regarded  as  the  fundamental  theory  of 
Werner,  deteruiiuing  his  method  of  clussitication  and  of  correlation. 

In  tbe  present  urticle,  Eaton  attempted  to  point  out  the  limits  be- 
tween the  various  divisions  of  Brongniart  iu  our  own  strata.  He  rec- 
ognized the  well  known  Stoekbridge  marble  of  Massachusetts  as  the 
upper  stratum  of  tbe  Primitive  cliis.s.     Second,  be  i-egnrdeii  the  "Cor- 

>  AiiiDH  Knlon:  KafeniK:**  to  Korlli  Ani.'rl.nn  loriillllrB  to  bti  ■uplinl  In  illiialratioa  of  Ihe  rqolv*- 
lenry  nrewloKlMl  ilapoklUap  Uio  ciuterii  Bud  nt'stcm  aides  of  tUc  AtluiUc,  Am.  Juur.  SuL,  toL 
M  ji.  JI3. 
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niferoas  linierock"  as  the  upiiermost  Tniusition  rock.  This  ho  idenii- 
fled  further  as  equivalent  to  ^' some  part  or  most  of  the  Grauwacke 
group  of  De  la  JBecho,  the  Oranwacke  limestones  of  some  En^^^li^h 
writers,  the  Grauwsicke  slate  of  Bakewell,  and  i>erhap8  the  Carbonifer- 
ous rock  of  GouyUeare,  and,  surely,  the  Upper  Transition  (one  of  the 
Psauimite)  rocks  of  Brouf^^uiart."^ 

Tbe  limit  lietweeu  the  Secondary  and  Tertiary,  Eaton  rccop^nized  along 
the  south  shore  of  liaritan  Bay,  in  New  Jersey,  lie  says .  ''  Upiier- 
niost  of  the  Secon<lary  deposits  is  the  Cretaceous  formation  most  per- 
fectly characterized,  but  it  contains  no  white  chalk ;  the  hist  of  the 
Tertiary  is  the  plastic  clay.* 

There  is  nothing  particular  valuable  in  this  article,  or  new,  even  at 
that  time,  but  the  particular  importance  of  quoting  it  is  to  show  how 
the  Werueriaus  were  beginning  to  recognize  the  absolute  importance 
of  fossils  in  determining:  the  relations  of  deposits. 

In  1841  A.  Olapp^  correlated  the  'limestone  of  the  Falls  of  the 
Ohio  ^  with  the  Wenlock  ofMurchison;  it  is  the  "Clirtlimestone"  of 
Locke.  The  ''limestone  and  marls  of  Miulison  and  Hanover,  Indiana '^ 
are  correlated  with  the  Wenlock;  the  '*  Middle  and  Lower  Blue  lime- 
Ktone  and  marls'' of  Cincinnati  arc  correlated  with  theCaradoc;  the 
^' black  bituminous  shale"  at  the  foot  of  the  Falls  is  considered  as 
eipiivalent  to  the  Marcellus  shale  of  New  York  ;  the  "Oolitic"  and  the 
'Tentremite  limestone"  of  Troost  and  Owen,  of  Kentucky,  Indiana, 
and  Illinois  are  identitied  as  Carboniferous  limestone.  The  author  con- 
sidered the  '*  limestone  of  the  Falls  of  the  Ohio"  in  its  upper  portion 
to  be  identical  with  the  Ludlow  and  Wenlock,  the  lower  and  middle 
lK)rtiou  as  equivalent  to  the  Niagara  limestone  and  Gyi>seous  shales  of 
^e\y  York,  and  he  further  correlated  the  "Clilf  limestone"  of  Locke 
with  the  whole  of  the  rocks  represented  in  New  York  by  Niagara  lime- 
stone. Gypseous  shale.  Water-lime,  and  Onondaga  limestones.  This 
constitutes  the  total  rock  deposit  between  the ''Blue  limestone  and 
marls  of  Cincinnati"  and  the  "Black  shale"  (Marcellus),  and  is  the 
western  continuation,  iis  he  says,  of  the  Middle  Silurian  of  Conrad. 
The  8  feet  of  fetid  subcrystalliiie  limestone  immediately  underlying  the 
Black  shale  the  author  identitied  with  the  New  York  AVater  lime,  and  the 
**  Black  shale"  above  it  he  regards  as  not  equivalent  to  the  Ludlow ville 
shale,  as  was  asserted  by  Prof.  Hall,  but  as  lower  and  the  true  equiva- 
lent of  the  Marcellus  shale. 

In  1841  (which  was  the  second  year  of  the  association),  Edward  Hitch- 
cock delivered  the  "First  anniversary  address  before  the  Association 
of  American  Geologists  in  Philadelphia."'*  A  few  points  are  interest- 
ing in  this  historical  sketch,  as  signifying  the  progress  which  geology 
had  made  in  America  up  to  this  time. 

1  Am.  Jour.  Sci.,  vol.  .19,  p.  153.    It  I.h  iiow  (IKUO)  riiIlo<l  tlir  Coriiifi-roiiM  liiiiostoiic. 
"Thifl  limit  U  »pi>aroiitly  tlio  Hue  botwiteii  thu  (ircoii  huuiI  and  the  Kniitau  clai.vrt. 
*GoologicaI  EqiiivjilentA  of  the  vicinity  of  New  Alliaiiy,  Imliaua,  ha  conipaivil  with  th(»He  (U'HcriWd 
in  the  SUurian  aystem  of  MurcLison ;  Proc.  Phil.  Acad,  of  Sti.,  vol.  1 1»4\,  w-  \%,^^>.V""lA"l^ 
*See  Am.  Jour.  Sci,  rul  4J,  pp.  L''J7-27o. 
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The  Association  *  was  formed  the  year  before  at  the  call  of  the  gentle- 
ineu  of  the  New  York  Purvey,  who  ^*  issued  a  drcular  iaviting  those 
engaged  in  similar  surveys  in  other  States"  to  a  meeting  in  Philadel* 
phiii.  We  learn  from  Hitchcock's  address  that  the  first  attempt  to 
classify  American  geology  was  made  by  William  MaoOlnre  in  1807,  who, 
in  the  field  work  preparatory  to  this,  crossed  the  Alleghany  Moontains 
in  fifty  places.  In  1810,  Dr.  Bmce  had  started  the  Mineralo^oal  Jour- 
nal ',  ill  1816,  Dr.  Cleveland's  Treatise  on  Mineralogy  and  Gedogy  waa 
published;  in  1818,  Silliman's  Journal  was  begun;  in  1818,  also,  an 
American  Geological  Society  was  founded  at  New  Haven,  with  Williatai 
MacGhire  as  its  first  president.  In  1832  the  Pennsylvania  Geological 
Society  was  started. 

In  addition  to  this  general  activity  in  the  early  part  of  the  oentaty, 
from  the  year  1824,  when  the  first  State  survey  was  begun  by  Prof. 
Oimstoad  in  North  Oarolina,  up  to  the  date  of  this  address  (1841),  Stale 
surveys  had  been  started  and  more  or  less  publication  had  been  aooom- 
plished  in  the  way  of  reports  or  accounts  of  the  surveys  made  in  twenty- 
one  States  and  Territories.  The  men  engaged  in  these  State  surveys 
were  as  follows: 

North  Carolina,  Olmsted;  South  Carolina,  Yanuxem;  Hassashu- 
settH,  Hitchcock;  Tennessee, Troost;  Maryland,  Ducatel ;  New  Jersey, 
H.  D.  Rogers;  New  York,  Yanuxem,  Mather,  Emmons,  James  HaU« 
Connul,  and  Beck;  Virginia,  W.  B.  Eogers;  Maine, Bhode Island, and 
New  Hampshire,  Jackson ;  Connecticut,  Percival  and  Shepard ;  Penn- 
sylvania, H.  D.  Rogers ;  Ohio,  Mather,  Hildreth,  Locke,  Briggs,  and 
Foster;  Delaware,  Booth ;  Michigan,  Iloaghton;  Indiana,  D.  D.  Owen ; 
Kentucky,  Mather  (only  a  reeonuaisHancc) ;  Georgia,  Cotting  (no  re- 
port had  been  published  up  to  1841) ;  Arkansas,  etc.,  Featherstonhaugh; 
Iowa,  D.  D.  Owen  and  Locke. 

BcHides  these,  a  reconnaissance  had  been  nnide  by  Nicollet  west  of  the 
Mississippi,  and  in  1821:  Eaton's  Erie  Canal  Survey  had  been  made,  and 
private  snrveys  had  l)een  made  by  Taylor,  Johnson,  Sillimau,  and  Shep- 
ard in  coal  and  mineral  regions  in  Pennsylvania,  Virginia,  and  Missouri. 

Hitchcock  made  slight  reference  to  the  actual  state  of  progress  in  the 
matter  of  correlation  and  classification  of  the  geological  terranes ;  this 
can  be  better  learned  from  the  study  of  the  New  York  reports,  for  the 
Paleo;soic  at  least,  and  the  other  reports,  which  it  is  not  necessary  here 
to  discuss. 

The  last  annual  report  of  the  New  York  State  Survey  was  published 
in  1841 ;  suflicieut  to  say  here  that  the  Archean  was  fairly  well  recog- 
nized along  the  eastern  border  of  the  continent,  and  its  general  extent 


*Tlie  AHaocialioii  of  Aiiiuriciiu  Qcolo;;i8t4}  bold  it8  llrrtt  meeting  in  Philadelpbia  on  the  2(1  of  AprU. 
1840.  The  loIl(>wiii<(  were  the  (»rii;inAl  foun<lei-A  present  at  tbitt  niectiDi;:  £.  Ilitcbcock,  L.  C.  Beck, 
II.  D.  Roj;erd,  L.  Vuiiuxeiu,  WilliHiii  W.  Mntber,  W.  K.  Juhnsoii,  T.  A.  Conrad,  E.  Eniniona,  J.  U»ll, 
C.  B.  Ti-eKO,  J.  O.  Booth,  M.  II.  Boyi,  K.  E.  Kof^ors,  A.  McKinloy,  U.  B.  Iluyden,  K.  O.  Taylor,  D. 
Uoughtou,  B.  lluhburd. 

J£.  Uitvhcook  was  elected  chairman  and  L.  C.  Bock  secretary.    See  Aui.  Jour.  Sci.,  vol.  38,  p.  1881 
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rom  Canada  to  the  sonrces  of  the  Mississippi.  The  Paleozoic  was  rec- 
gtnzed  in  its  distribution  throughout  the  eastern  part  of  the  United 
itates.  The  Goal  Measures  were  recognized  in  Pennsylvania,  Ohio, 
ndiana,  Illinois,  Michigan,  and  Missouri.  The  Devonian  was  recog- 
ized  by  some  of  its  fossils  in  Now  York 'State,  but  its  limitation  was 
ot  determined  precisely  as  at  present.  The  Silurian  had  been  recog- 
ized  in  at  least  the  Caradoc  sandstone,  the  Wenlock  shale  and  lime- 
tone,  and  the  Ludlow  rocks,  but  it  was  not  until  the  linal  reports  were 
ublished  (two  or  three  years  later)  that  a  full  classification  of  the 
^aleozoic  series  was  accessible  to  American  geologists. 

The  llogers  brothers  used  fossils  to  determine  the  age  of  the  Mait- 
iud  limestQne,  au<l  concluded  that  '^  though  they  indicate  relation  to 
>nondaga,  Seneca,  and  Marcellus  strata,  the  exact  age  is  not  proven." 
n  other  respects  these  authors  adopted  the  New  York  classiticatioii  as 

standard  for  comparisons. 

The  ^'Address  before  the  Association  of  American  Geologists  and 
Taturalists  for  the  year  1842  "  was  given  by  B.  Silliman.^ 

In  it  we  have  a  few  indications  of  the  state  of  the  science  at  that 
line.  Silliman  had  the  advantage  of  being  in  England  in  1805,  when 
Ue  discussions  of  the  rival  schools,  the  Neptunists  and  the  Vulcanists, 
he  Werneriaus  and  the  Iluttoiiiaus,  were  at  their  height;  Prof.  Janie- 
on  and  Dr.  John  Murray  defending  the  Wernerian  views,  and  Sir 
ames  JIall,  Prof.  Playfair,  and  Prof.  Thomas  Hope  defending  the 
lews  of  Uutton.  SIMiman  appears  to  have  t«aken  a  neutral  position  in 
egard  to  these  schools,  recognizing  the  good  points  of  each.     We  find 

statement  made  in  the  course  of  his  description  of  his  part  in  the  prog- 
ess  of  science  that  Dr.  Dana  read  the  title  of  what  was  probably  the 
rst  geologicjil  report  made  on  American  geology,  at  the  meeting  of 
he  Association  in  Boston, viz :  ^'lU'ytrilge  zur  mineralogischen  Kentniss 
es  iistlichen  Theils  von  Nordamerika  uud  seiner  Gebirge,  von  D. 
bhann  David  Schoi^f." 

Of  William  Maclure  he  said: 

He  VI AS  the  William  Smith  of  Huh  cmiiitiry,  himI  n(»t  only  did  ho  add  to  (ho  fonM^u 
ollectioiiH  uf  thiH  country  in  miui«rah>^y  and  ^oolo^^y^  i^nt  ]h>  did  gri'al  Hcrvieo  in  tho 
irection  of  personal  ticld-work  and  intorprrtation  of  oar  i^oolo^y,  and  alno  in  pnb- 
Bhin>;  hiB  Geology  of  the  ITnitiMl  States  with  th»  lirut  gcnoral  map  of  the  gtMdogy  of 
tiu  eastern  part  of  the  continent. 

Mineralogy  was  studied  ])rior  to  the  cultivation  of  ge(»logy  in 
America lus  well  as  in  (Ireat  Britain.  The esirlier  geologist^i  wen*  miiuMiil 
:eologists,  and  the  collections  of  minerals  constituted  the  principal 
abinetsof  that  time.  Prof.  ( ■leaveland,  of  Bowdoin,  Maine,  Dr.  Scy- 
»ert,  In  Philadelphia,  Colonel  Gibbs,  at  Vale  College,  the  Messrs.  Dana, 
a  Boston,  had  each  accunuilated  more  or  less  valuable  mineral  cab- 
nets,  and  a  Journal  of  IMineralogy  and  (leology  was  started  in  New 
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York  by  Dr.  A.  Bruce,  in  1809,  which  lasted  a  year,  and  in  1818  the 
American  Journal  of  Science  and  Arts  was  established  in  New  Haven. 

Billiinan  did  not  rehearse  any  dettiiled  account  of  the  sUvte  of  the 
science  at  the  time,  but  gave  general  statements  referring  to  the  past, 
Willi  comparisons  of  the  general  results  eifected  by  the  American  ge- 
ologists with  what  had  been  done  by  the  English  and  European  geolo- 
gists. 

In  18i2  T.  A.  Gouriid  published  an  important  paper  in  the  Journal  of 
the  Philadelphia  Academy  of  Science,  entitled  '<  Observations  on  the 
Silurian  and  Devonian  Systems  of  the  United  States,  with  descriptions 
of  new  organic  remains."  A  number  of  fossils  were  identified,  and 
several  points  of  interest  are  noted  in  this  paper,  indicating  the  limita- 
tion of  the  groups  as  they  were  then  recognized.  The  "  older  Paleozoic 
rocks"  were  the  e<piivalent  of  the  Transition  of  the  older  nomenclature. 
The  author  notes  the  perfection  of  the  series  of  rocks  in  New  York 
State,  and  "the  great  convenience  they  alibrd  for  study,  in  that  they 
lie  nearly  horizontal."  ^ 

In  this  paper  the  •*  Cambrian  rocks"  are  included  in  the  Silurian, 
and  the  Silurian  thus  includes  all  the  rocks  from  the  Archean  upward 
to  the  TuUy  limestone  inclusive.  Thus  it  will  be  seen  that  the  fossils 
described  previous  to  1842  as  Silurian  fossils  may  have  been  Silurian 
or  Devonian  to  the  base  of  the  upper  Devonian. 

A  list  of  supposed  equivalents  is  given, *  in  which  we  tind  the  Lower 
Silurian  strata  arc:  "(10)  Clinton  group,  (0)  Niagara  sandstone,  (8) 
Shales  of  Salmon  River,  ^  (7)  IJlue  shale,  (5)  Trenton  limestone,  (4) 
Mohawk  limestone,  (.'5)  Hirdseye  limestone,  (2)  Caiciferous  limestone, 
(1)  Potsdam  limestone."* 

The  *^  Trenton  limestone  '■  is  reported  as  ^'  forming  the  bed  of  the  Ohio 
Itiver  from  Cincinnati  to  Louisville." 

The  Middle  Silurian  strata  are  the  **  Niagara  sliale,  which  equals  the 
Wenlock  sliale,  and  upward  to  Oriskany  sauilstone. 

The  Tpper  Silurian  rocks  included  the  lower  Ludlow  and  succeeding 
rocks  upward  to  tlie  Tally  limestone  inclusive. 

In  the  Devonian  systenj,  Conrad  i)laced  as  Lower  Devonian  the 
Ithaca  group;  as  Middle  l)t»vonian,  the  Chemung  group;  as  Cpper 
Devonian,  the  Old  Ktd  sandstone. 

The  subdivision  into  Lower,  Middle,  and  rj)per  Silurian  appears  to 
have  been  original  with  Conrad,  and  he  projKKseil  the  names  **  Mohawk 
system"  lor  the  J^ower,  ••  HeldcrluTg  system''  for  the  Middle,  and 
'^Onondiiga  system  "  lor  the  Ij>per  Silurian  groups,  respectively,  and 
stated  that  tlie  systems  arc  based  upon  the  "distinctness  of  the  fossil 
contents." 

The  year  181.)  marks  one  of  the  most  important  periods  in  the  history 
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of  American  geology.    The  final  reports  of  the  State  of  New  York 
were  published  in  the  years  1842-'43.^ 

The  classification  which  appears  in  the  several  final  reiK)rt8  was 
already  outlined  by  Conrad  in  1841,  and,  in  fact,  the  general  order  of 
strata  was  given  in  his  report  for  1839.  The  development  of  the  classi- 
fication of  the  rocks  for  New  York  State  will  bear  minute  study,  and 
will  yield  valuable  suggestions  to  students  of  systematic  geology 
The  rocks  with  which  the  New  York  geologists  were  concerned  were 
mainly  confined  to  the  series  from  the  Archean  or  Primary  rocks 
through  the  Paleozoic  as  far  as  to  the  base  of  the  Carboniferous.  The 
geologists,  although  working  together,  had  the  State  separated  into 
four  divisions  and  developed  the  stratigraphical  geology  of  each  dis- 
trict independently,  observing  the  character  of  the  individual  rock  for- 
mations, their  order,  and  the  fossils  contained  in  each.  Conrad  was 
the  paleontologist  during  the  field  operations,  and  his  contribution  to 
the  work  was  the  identification  of  the  fossils  sufficiently  well  to  make 
recognizable  the  relationship  between  the  fossils  of  the  New  York 
rocks  and  the  formations  of  England  which  had  been  studied  so  care- 
fully and  were  so  elaborately  defined  by  Murchison  and  Sedgwick. 

The  fossils  of  the  British  sections  had  been  described  by  John  Phil- 
lips, J.  De  C.  Sowerby,  and  Lonsdale,  and  their  descriptions  were 
accessible  to  the  American  geologists  as  early  as  1839.  Conrad  had 
used  this  Silurian  system  with  its  fossils  as  a  basis  for  the  classificatiou 
and  correlation  of  the  rocks  of  New  York  State.  The  attempt  was 
made  in  1839  to  divide  the  New  York  rocks  in  accordance  with  Murchi- 
son and  Sedgwick's  cLassifications,  and  the  fossils  found  in  them,  corre- 
sponding with  those  of  the  British  rocks,  were  enumerated.  Thus,  in 
the  third  annual  report,  Conrad  gave  a  "  table  of  formations,"  showing 
the  order  of  superposition  and  some  characteristic  fossils  of  the  Transi- 
tion strata.  The  Carboniferous  strata  (No.  10)  were  mentioned  (but 
are  in  Pennsylvania),  then  the  rocks  of  New  York*  were  distributed  as 
follows : 

Under  the  "  Old  Red  sandstone  group  (Murchison)"  he  placed: 

''9.  Old  Red  sandstone  (?)  and  Olive  sandstone,"  which,  we  find 
from  study  of  the  reports,  includes  the  Chemung  ami  Catskill  groups. 

*'8.  Dark-colored  shales  and  black  slate,"  which  appears  to  be  the 
Llamilton  and  Marcellus. 

Un<ler  "Medial  Silurian  system,"  are  found  "(7)  Gray  Brachiopodus 
sandstone,  Ilelderberg  sandstones,  Ilelderberg  limestones,  second  Pen- 
tamerus  limestones;  (6)  Gypseous  sliales,  Rochester  shales,  and  Pent- 
amerus  limestones,  (5)  Green  slate,  Lenticular  iron,  etc.,  and  (4)  Niagara 
sandstone  (red)." 


'  Tlio  oditon  of  tliOHO  tlnul  rt'portM  were  William  W.  Muthrr,  i-fport  of  Uie  (Irrit  cli.Htrict,  piibliKliutl 
1813-.  KlMMio/er  EiunioiiH,  report  of  Mh;  hccoikI  (ii.flriot,  1M2;  I^irdnor  Vaiiuxcin,  i(>|iort  of  tlio  tliinl 
dii*tri<-t,  11*42,  Jaiiimi  Hall.  ro])ort  of  tho  fourth  diAtritrt,  \M:i.    It  in  important  nlno  to  i-i^mcmUerUv^V'V. 
A.  Conrud  publiithMl  his  final  n?])ort  on  tin-  paI«-c)i)ro]o<;y  of  the  Burvoy  \i\  \\\f)  ^ci^r  \^V\\x>A\\^V>iN.>\ 
annual  report. 
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LFiider  <' Lower  Silurian  system^  he  placed  <'(3)  Salmon  Biver  sand* 
stone  (olive)  uiid  {;recn  slate,  (2)  gray  Orinoidal  limestone,  Trenton  lime. 
stone  and  slate,  Mohawk  limestone,  gray  limestone  with  sparry  veins, 
gray  Calcareous  sandstone." 

Under  the  term  ^^  Cambrian  system  (Sedgwick)"  he  placed  ^*  (1)  olive 
sandstone  and  slate,  and  varigated  sandstone  (Potsdam  sandstone  of 
Enunons),"  and  below  all  these  the  '^  Primary." 

In  the  next  report  *  James  Hall  gave  a  somewhat  more  elaborate  list 
of  formations,  but  distributed  them  subsUintially  as  was  done  by 
Conrad.  As  this  classiiication  was  only  temporary,  I  will  not  stop  to 
enumerate  it  in  detail,  tbe  Unal  results  published  in  the  final  reiK>rts 
will  be  given  in  the  proper  place. 

But  in  the  fifth  annual  Kei)ort,  Conrad  produced  a  more  finished 
classification,  and  with  slight  modifications  the  order  of  seriuence  of 
deposits  and  the  general  relations  of  the  groups  to  each  other  are  those 
which  appeared  in  the  several  final  report.s;  but  we  do  not  find  the 
classification  into  the  '^  divisions  of  the  New  York  system"  in  Con- 
rad's reports. 

We  may  mention  a  few  points  in  regard  to  Connid's  classification  of 
1841'.  The  following  names  were  used :  "  Tertiary,"  "  Cretaceous  Sys- 
tem," *'*'  Oolitic  system,"  "  New  Kod  sandstone  or  Saliferous  system," 
"  Carboniferous  system,"  '*OId  lied  sandstone  or  Devonian  system," 
including  tlie  Chemung  and  Catskill  rocks.  Then  the  ^'  Upper  Silurian 
series"  includeil  the  rocks  from  the  "Oueonta  group.  No.  20,"  to  the 
"Black  slate,  No.  21."  The  "Middle  Silurian  scries"  included  from 
the  "  Onondaga  limestone,  No.  1*0,"  down  to  the  "  Kochester  shale,  No. 
10;"  the  "  Lower  Silurian  series ''  included  from  "  Pentamerus  oblon- 
gus  limestone,  No.  0,"  t-o  the  "  Potsdam  sandstone,  No.  1,"  inclusive. 

Thus  we  see,  that  to  llie  end  of  his  work  in  connection  with  the  sur- 
vey Conrad's  inthienc>(i  was  directed  toward  the  correlation  of  the 
American  classitication  with  that  already  in  use  in  Great  Britain. 

After  the  annual  rei)orts  were  linislied,  the  several  geologists i)reparod 
their  tinal  reports.  We  llnd  no  evidence  that  Conrjid  assisted  in  their 
[)n4»arati()n,  and  in  these  reports,  from  the  first  one  published  to  the 
last,  there  is  a  general  symmetry  in  the  classifications,  hut  a  neglect 
of  any  Ibnnal  recognition  of  the  elassilications  already  adopted  in 
jMnrcliison\s  {Silurian  system,  although  the  authors  refer  to  the  corre- 
lation of  some  of  the  New  York  deposits  with  recognized  horizons  in 
^lurchison's  Silurian  system.  A  most  important  feature  of  the  com- 
])leted  re[M)rts  is  the  introduction  of  the  "New  York  system"  into 
geological  nomenclature.  Tiie  New  York  system  was  constituted  to 
in(dude  the  geological  d(»i)osits  from  the  earliest  fossiliferous  rocks  to 
tlM»  base  of  the  (Carboniferous,  ainl  we  find  the  four  authors  disagree- 
ing in  their  interpretation  of  what  this  system  included,  and  as  to  the 
o-ronps  Into  which  it  was  sulMlivi<led. 
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Vannxem  and  Mather  adopted  the  following  plau:  They  had  a  '<  Pri- 
mary' system,"  including  the  Archean  as  wo  consider  it  to-day ;  second, 
the  *'  Taconic  system,''  including  a  conglomeration  of  strata,  all  supposed 
by  Emmons  to  lie  below  the  Potsdam  sandstone ;  third,  the  '^  New  York 
system,"  which  included  the  Gharaplain  division,  the  Ontario  division, 
the  Helderberg  division,  the  Erie  division,  and  the  Catskill  division  or 
gronp.  Above  this,  according  to  Mather,  followed  the  ^'  Goal  system," 
the  "Red  Sandstone  system,"  the  *'Trapi>ean  system,"  the  "Tertiary 
system,"  and  the  "  Quaternary  system,"  but  Vauuxem  enumerates  only 
the  last,  the  "  Quaternary  system,"  the  others  being  wanting  in  New 
York  State. 

On  the  other  hand,  Emmons  and  Hall  recognized  the  New  York 
system  as  including  the  Ghamplain  Ontario,  Helderberg,  and  Erie 
divisions,  but  placed  the  rocks  of  the  Gatskill  Mountains  in  a  separate 
system,  calling  it  the  "  Old  Bed  system."  The  division  line  in  their 
scheme  between  the  New  York  system  and  the  Old  Bed  was  at  the  top 
of  the  Ghemung  group. 

When  we  inspect  the  local  distribution  of  the  several  formations  in 
the  "divisions"  of  the  New  York  system  we  find  like  ditferenc^s  of 
usage  on  the  part  of  the  several  geologists.  For  instance,  the  Gham- 
plain gronp  of  Emmons  and  Hall  terminates  above  in  the  Oneida  Gon- 
glomerate,  whereas  in  the  reports  of  Vanuxeni  and  Mather  it  termi- 
nates with  the  Hudson  River  group.  In  the  Ontario  group  Mather 
includes  only  the  Oneida  Gonglomerate  ;  Emmons  includes  the  strata 
from  the  Medina  to  the  waterlime^  Yanuxcm,  those  from  the  Oiioida  to 
the  Niagara;  and  Hall,  those  from  the  Medina  to  the  Niagara,  inclusive. 
The  Helderberg  division  was  regarded  by  Mather,  Vanuxein,  and  ITall 
as  extending  from  the  Onondaga  salt  group  through  the  Gorniferous 
limestone,  while  Emmons  made  it  begin  with  the  Pentamerus  limestone 
and  carrie4l  it  to  the  top  of  the  Helderberg  limestone.  All  four  of  the 
geologists  in  their  final  reports  agree  in  the  limitation  of  the  Erie  divi- 
sion, including  the  rocks  from  the  Marcellus  shales  through  the  Ghe- 
mung group. 

Another  i>oint  may  be  mentioned:  While  individual  formations  are 
snbstantially  alike  as  named  by  the  several  rei)orters,  there  are  fre- 
quent diflFerences  in  usage,  as  in  the  use  of  "I^oraine  shales"  by  Em- 
mons for  the  Hudson  River  group  of  the  other  reports,  and  of  "  Gor- 
niferous  limestone"  by  all  the  authors  but  Emmons,  who  uses  "Hel- 
derberg limestone."  Besides  these  differences  we  notice  that  deposits 
are  mentioned  in  some  of  the  reports  which  are  left  out  in  others,  and 
in  some  reports  the  name  of  the  rock  is  given,  while  in  others  the  word 
" group  "  is  attached  to  a  geographical  name,  as  "  Niagara  limestone" 
and  "  Niagara  group." 

These  differences  which  appeared  in  the  final  reports  accentuate 
the  difficulties  which  the  geologists  met  with  in  attempting  to  chissify 
the  rock  formations  according  to  the  methods  then  in  use«    T\\q^  qIvSl^^^- 
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tern  of  correlation  by  means  of  the  petrographic  charaeten  of  the  de- 
l>o8it8  was  used  in  part  by  these  geologists  and  formed  the  original 
basis  of  the  classification.  In  the  field  work  the  formations  were  dis- 
tinguished by  their  petrographi6  features  and  were  so  defined.  In 
most  cases  local  names  were  applied  to  them ;  the  geographic  designa- 
tion of  the  place  where  the  partioalar  formation  was  discovered,  or  was 
found  to  be  exposed  in  a  good  condition,  was  applied  to  the  rock,  and 
as  the  surveys  went  on  the  name  as  applied  was  extended  to  the  other 
outcrops  of  what  appeared  to  be  the  same  stratum  or  series  of  strata^ 
This  was  all  very  well  so  long  as  no  correlation  was  attempted,  but  as 
soon  as  correlation  of  the  several  formations  with  those  of  other  regions 
was  attempted  the  necessity  of  some  other  means  of  identification  was 
apparent.  This  means  was  recognized  in  the  fossil  contents,  but  in  the 
field  the  fossils  were  not  studied,  and  could  not  be  studied  by  the  field 
geologists.  It  was  necessary  to  take  them  home  and  compare  them 
with  other  fossils  from  other  parts  of  the  country  and  world,  and  to  de- 
scribe tbem,  and  ascertain  their  range  and  distribution.  All  this  re- 
quired time  and  learning,  which  could  not  be  attained  at  once  by  any 
one  of  the  geologists.  This  learning  was  the  special  province  of  the 
paleontologist,  and  the  wide  knowledge  requisite  to  correlate  the 
various  strata  of  tlie  !New  York  system  accurately  with  those  of  Great 
Britain  was,  we  may  imagine,  clearly  recognized  by  Conrad  before  he 
left  the  survey ;  but»  as  we  have  learned  since,  many  years  of  study 
have  not  enabled  geologists  to  establish  with  certainty  the  correlation 
between  the  several  faunas  of  the  formations  in  New  York  and  those 
abroad. 

The  great  desideratum  at  that  time,  and  for  geologists  at  the  present 
time,  is  such  a  system  of  nomenclature  and  classification  as  shall  ena- 
ble the  field  geologist  at  once  to  record  his  observations  correctly  and 
systematically,  and  to  preserve  the  records  of  fossil  contents  which  he 
discovers  for  the  careful  detailed  study  of  the  paleontologist.  The  no- 
menclature adopted  in  many  cases  by  the  New  York  geologists,  which 
has  satisfied  the  demands  of  the  progress  of  science,  at  least  up  to  the 
present  time,  is  that  which  is  based  upon  the  simple  practice  of  giving 
a  geographic  name  to  a  rock  terranc,  connecting  it  with  the  name  of 
the  particular  rock  which  is  exhibited  at  the  locality  in  which  it  out- 
crops; for  example,  "Trenton  limestone,"  "Oriskany  sandstone,"  "Scho- 
harie grit,"  "  Genesee  slate,"  although  in  the  latter  csise  slate  is  not  ap- 
propriate, because  it  is  a  false  name,  shale  being  the  right  name. 
These  several  terms  applied  to  definite  rock  masses  located  in  particu- 
lar regions  in  New  York  State,  having  their  typical  outcrops  designated 
by  their  names,  can  be  applied  with  exactness  at  all  times,  and  suggest 
the  progress  of  the  science.  Whenever  wrongly  applied  to  deposits  out- 
side the  original  region  where  discovered,  new  names  can  be  easily  sub- 
stituted. 

The  groupings  of  these  separate  formations,  made  without  regard  to 
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the  fossils  characterizing  them,  were  pnrely  arbitrary,  and  were  ulti- 
mately diKcairded.  We  have  already  entirely  ignored  the  '^  New  York 
system,"  the  '^  Obamplain,"  <^  Ontario,"  etc.,  **  divisions,"  and  the  only 
part  of  the  New  York  classification  which  is  retained,  is  the  uomenda- 
tare  of  the  individual  formations  in  their  stratigraphic  sequence.  It  is 
evident, therefore,  considering  how  important  the  work  of  this  New  York 
survey  has  been  for  all  American  geology,  that  the  most  important  part 
of  the  work  of  the  geologist  is  that  of  carefully  observing  the  charactei's 
of  the  individual  formation,  describing  its  petrographic,  stratigraphic, 
and  geologic  relations,  preserving  the  fossils  accumulated,  and  describ- 
ing his  observations  so  that  distinct  association  will  be  found  in  the 
name  applied  to  each  formation  with  the  observations  actually  made  in 
the  field.  The  reference  of  each  particular  formation  to  a  place  in  some 
standiird  scale  should  not  be  made  without  careful  study.  This  care- 
ful study  can  not  be  made  independently  of  the  fossils,  for  fossiliferous 
rocks,  and  in  order  that  the  paleontologist  may  make  his  studies  with- 
out prejudice,  the  names  of  the  formations,  their  localities,  and  their 
petrographic  characters  should  bo  described  and  recorded,  quite  inde- 
pendently of  the  fossils  which  they  contain. 

The  following  tables  will  exhibit  the  final  results  of  the  four  State 
geologists  in  their  attempts  to  classify  the  geological  formations  of  the 
State  of  New  York. 

They  are  taken  from  the  final  reports  of  the  "  Geology  of  New  York," 
and  are  arranged  in  the  order  given  them  by  the  authors. 

CLASSIFICATION  BY  MATHEK.    1813. 
[Final  Kopoit,  First  Dintrict,  p. 2. J 

(  Allnvial  division. 

1.  Quaternary  BVBteni.  <  Q II atom ary  divisiou. 

(  Drift  divisiun. 

2.  Tertiary  Bystem. 

3.  Tra|>]>ean  ey8teni. 

A,  Rml  Saiidntono  HyBtem. 

r>.  Coal  Hystoni. 

Catskill  diviflion. 
Kiio  division. 


Ileldorberi;  division  ., 


G.  New  York  system  . .  < 


Ontario  division 


Champlain  division. 

7.  Taconie  By  stem. 

H    Priiiiarv  svHtemI       J  Metamon>liic  rocks, 
«.  i  rimary  systemj...  j  j>ri„,^ry  rocks. 


■\ 


ComiferonB  limestone,  Onondaga 
limestone,  Schoharie  grit,  Canda- 
Galli  grit,  Oriskany  sandstonOy 
Catskill  shaly  limestone,  Fenta- 
inerus  limestone,  Water  lime 
group,  Onondaga  salt  group. 

Oneida  or  Shawangnnk  Conglom- 
erate. 

Hudson  River  group,  Utica  slate, 
Trenton  limestone,  Calciferous 
group,  Potsdam  sandstone. 
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rFiaal  B«poci  Baeosd  Diatrietk  9. 491.] 

Ibftiilar  viev  0/  tik«  fedSsuntery  rocfti  ^  Urn  TMt 


Taconic  system. 


New  York  system.  < 


Old  Red  Hystem 
New  Ked  nystem 
Tertiary 


Erie  group 


Taconic  lUteylffagaertMiaUt^  SfawkhrMge 

limcctoney  Oimnalar  qurta. 

Champlain  group.... Polcdam  umditoiie,  CtlclftwwM  Huidiodky 

Chaiy  and  fiifdieye  limaatoaa,  marbla 
of  Ida  La  Mofete.  Trenton  limcatonc^ 
Utioa  dale,  Lonltfna  dialfl%  Qtmy  aand^ 
atone,  Conglomaiato. 

Ontario  group Medina  sandatone.  Grnon  ahalca  and  Ooli- 
tic Iron  ore,  Niagaia  Umaatona,  Bed 
shale.  Onondaga  ciSt  and  plaster  loeka, 
Manliue  watCMime. 

Helderberg  series.. ..Pentamerua     limeatone,  Delihyrla  ahaly 

limestone,  Oriskany  sandstone,  Enorinal 
limeatone,  Canda-Galli  grit^  Boiioharia 
grit,  Helderberg  limestone. 
Marcellus  and  Hamilton  sbales^  Tolly  lime- 
stone, Geneaee  slate,  Itbaea  and    Che- 
mung shales  and  i^te. 
Old  Bed  sandstone,  with  its  beds  of  Con- 
glomerate and  its  greenish  sihales  of  the 
Catskill  Monntains. 
New  Bed  sandstone  asseoiated  with  vol- 
canic rocks  and  greenstone  trap  of  the 
Palisades. 

Blue  and  yellowish  clays  of  Champlain  and 

white  and  yellowish  sand. 

OLASSIFICATIOSr  BT  YAinTXEM.    iStt. 

[Final  Report  on  tbe  Third  Diatriel^  p.  IS.  ] 
Claasification  of  roolc9  of  New  York  State. 


1.  Primary  Hystem. 

2.  Taconic  Hystem. 


3,  New  York  Hystem < 


Champlain  division. 


Ontario  division. 


Helderberg  division 


4.  Quaternary  system. 


Erie  division 


Catskill  group. 


.Potsdam  sandstone,  Calcifer- 
ous  group,  Black  Kiver 
limestone^  Trenton  lime- 
stone, Utica  slate,  Hudson 
Kiver  group. 

Gray  sandHtone,  Medina  sand- 
stone, Oneida  Conglomer- 
ate, Clinton  group,  Niagara 
group. 

.Onondaga  salt  group,  Water- 
lime  group,  Pentamems 
limestone,  Catskill  shaly 
limestone,  Oriskany  sana- 
stone,  Cauda  -  Ghilli  grit^ 
Sclionarie  grit,  Onondaga 
limestone,  Com  iferous  lime- 
stone. 

Marcellus  shale,  Hamilton 
group,  Tully  limestone, 
Genesee  slate.  Portage 
group,  Ithaoa  group,  Che- 
mung group. 
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CLABSTFICATIOK  BY  JAHES  HALL.1    1843. 
[Final  Report,  Foarth  District,  pp.  18, 19.] 

Tdbufar  view  of  rock»  and  groups  of  New  York. 


I.  Primary  or  Hypogene  Bystem. 
II.  Taconio  ■yatem. 


Champlain  division. 


1. 
2. 
3. 


Ontario  division , 


III.  New  York  systom  — 


Helderberg  series.. 


Erie  divisiou , 


Potsdam  sandstone. 

Calciferous  sandrook. 

Black  River  limestone  gronp, 
embracing  the  Cbazy  and 
Birdseye. 

Trenton  limestone. 

Utica  slate. 

Hudson  River  group. 

Gray  sandstone. 

Oneida  or  Bhawangunk  Con- 
glomerate. 

Medina  sandstone. 

Clinton  group. 

Niagara  group,  inclnding 
shale  and  limestone. 

Onondaga  salt  group. 

Water-lime  group. 

Pentamorus  limostone. 

Delthyris  shaly  limestone. 

Encrinal  limestone. 

Upper  Pen tamerus  limestone. 

Oriskany  sandstone. 

Canda-Galli  grit. 

Schoharie  grit. 

Onondaga  limestone. 

Corniforous  limestone. 

MarcelluB  shale. 

Hamilton  group.  (Moscow 
shales,  Encrinal  limestone, 
Ludlow ville  shales.) 

TuUy  limestone. 

Genesee  slate. 

Portage    or    Nnnda   group. 

(Portage  sandntone,  Gardeau 
liagstone,  Casliaqua  slate.) 

Chemung  groui). 


IV.  Old  Rod  system,  or  Old  Red  sandstone. 
v.  Carboniferous  system. 

VI.  New  Red  sandstone. 
VII.  Tertiary. 
VIII.  Quaternary  system. 

RfiSUMfi  OF  CLASSIFICATIONS. 

Champlain  group  ..  .Emmons  and  Hall  agree  in  terminating  it  with  the  Oneida  Con- 
glomerate. 

Vauuxoiu  and  Mather  terminate  it  with  the  Hudson  River  group. 
Ontario  group Emmons,  Medina  to  Water-lime,  inclusive. 

Hall,  Medina  to  Niagara,  inclusive. 

Mather,  Oneida  Conglomerate  alone. 

Vanuxem,  Oneida  to  Niagara  (but  order  wrong). 
Helderberg  series....  Emmons,  Pcntnmerns  limestone  to  Helderberg  limestone. 

Hall,  Onondaga  salt  group  through  Corniferous  limestune. 

Vanuxem,  Onondaga  to  Corniferous. 

Mather,  Onondaga  to  Corniferous. 
Erie  division Marcellus  to  Chemung,  inclusive,  by  all. 


^AcoonliiiK  to  thin  auilior  the  formatioiiH  1.2,3.4  were  rorrolatvil  with  the  "Cambrian  Hyntem"  of 
Sedf»wick,  the  Potadam  d)  doubtfully  iiinlu<]«M].     "Siliiriau  Hyateiu"  Mnrchimm-.UvVca^  i^W\(n  V.v^N  ^A 
Hamilton  (24).    "Devoolan  8y»teiu"  of  rijjJliu8 -CLeuiuui;  aud  Portaire  and  Y>aTti  o(  \.\itt  ^\aasi>\\au 
(Mto28).    (Seep:  20.;  **  *»  ir 


CHAPTER    II. 

THE  GENERAL  APPLICATION  OF  THE  NOMENCLATURE  OF  THE 
NEW  YORK  SYSTEM  AS  A  STANDARD  OF  CORRELATION  IN 
OTHER  PARTS  OF  THE  UNITED  STATES.     1840  TO  1851. 

Tlu»  tt'Tnii nation  of  the  New  York  State  Survey  and  tbo  pablioation 
of  the  tiiial  reports  practically  established  the  new  ideals  for  thedassi- 
iicatioii  of  the  Paleozoic  rocks  of  North  America. 

The  Final  Report  on  the  Geology  of  the  Fourth  District  (the  western 
quarter  of  the  State)  by  James  Hall  was  published  in  1843.  This  may 
be  regarded  as  exi)ressing  the  more  perfected  views  in  regard  to  classi- 
li(;ation  and  nonienclatare. 

Tii(»,  New  York  system  was  the  comprehensive  term  applied  to  the 
series  of  rocks  beKinning  with  the  rotsdam  sandstone  and  terminating 
in  the  '*  Cheiiuin^?  group."  The  rocks  of  the  Gatskill  Stage  were  called 
tin*  Old  R(mI  system  or  Old  Ked  Siindstone.  The  New  York  system 
was  made  up  of  twenty-nine ''  systematic  subdivisions,"  "  founded  upon 
the  fossil  and  lithoh)gical  characters."  ^ 

These  were  grouped  into  four  *'  geographical  subdivisions.''  The 
lowest,  from  the  Potsdam  to  the  Oneida  Conglomerate,  inclusive,  was 
named  the.  «^  Champlain  Division;"  the  second,  including  the  Medina, 
till*  Clinton,  and  the  Niagara,  was  called  the  *'  Ontario  Division."  From 
the  Onondaga  Salt  group  to  the  Corniferons  limestone,  inclusive,wa8  the 
u  lleldcrlRTg  series."  From  the  Marcellus  to  the  Chemung,  inclusive, 
was  the  *'  Frie  Division." 

Comparisons  had  been  made  with  the  Silurian  system  of  Murcbison 
and  the  Di^voniaii  of  Murehison  and  FhillipvS,  and  a  general  corre- 
lation recognized,  but  the  e([uivaleneies  were  not  minutely  accordant. 

In  respect  of  th(*  ])art  of  the  scale  with  which  this  essay  is  con- 
(UM'Hcd,  the  author  wrote,  ''If  the  Devonian  is  to  be  regarded  as  a  dis- 
tinct system,  we  shall  lind  its  rei)esentatives  in  the  Chemung  find  Port- 
age groups,  with  ])erhaps  a  ])art  of  the  Hamilton  group.  In  New  York, 
however,  as  already  stated,  no  subdivisions  can  be  made  which  are 
entitled  to  the  name  of  svstenis."^ 


'  <N«>.  !{  nf  p.  1><  w'.'is  o\ii:u:il<tl  iiitft  two  "^nh  ili\  isloiM  nn  p.  r»l7  fi.  v.,  Soa.  117.  2ii)  hv  tin*  VPCo;:iiitii>ii  of 
till*  Chii/.y  liiinhiiiut'.u.s  di^tinit.  fnirii  llio  Uhuk.  Kivt  r  liiiicMtonr. ) 

=*(  I  (••)!•  i;ry  of  \nsv  VofIi,  i»;iit  IV.  r.iniiiu  ifiiiiji  till- Mriivry  of  •!»«  l\)urtli  j:«'olo>;i<-.al  district,  by  James 
Uall,  lS4:i.  p.r.lG. 

r»8 
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In  the  table  the  following  equivalencies  are  given :  ^ 


Kocks  of  the  New  York  Bystem. 


SubdivisionB  io  Groat  BriUin. 


Old 

1. 

2. 

3. 

4. 

5. 

C. 

7. 

8. 

9. 
10. 
11. 
VZ. 
Hi, 
14. 
15. 

ir». 

17. 
18. 


Ke<l  sandHtone Old  Hod  sandstone. 

Chemnni;  group 


Portage  group 

Genesee  slate i 

Tnll^  liniostoue [ 

Hamilton  gronp I 

Marcellns  shale J 

Coruiferoiis  limestone '\ 

Onondaga  limestone ( 

Schoharie  grit I 

Cauda-galli  grit I 

Oriskany  samlstone (  xxr^„y^^^^  «««v« 

Upper  Pentainerus  limestone f  Wonlock  rocka. 

Eucriual  limeHtone ■.. 

Delthyris  shaly  limestone 

Pentamerns  limestone 

Water-lime  group 

Onondaga  salt  gronp 

Niagara  group 


Upper  and  Lower  Lndlow  rocks  inclnding 
the  Devonian  system  of  Phillips. 


Correlations  with  ttie  Pennsylvania  and  Virginia  rocks  and  those  of 
Ohio  and  Michigan  are  expressed  as  follows : 


Pennsylvania  and  Virginia  Sarvey. 


Ohio  Survey. 


Michigan  Survey. 


Soft  light-colored 
saudstonoN,  argilla- 
ceous slates  and  llag- 
stones  of  Lake  Hu- 


ron,   sandstones    of 


28.  Chemung  group  >  No  9  J  Wavcrly  sandstone 

27.  Portage  group      ^ i      series. 

2<i.  Genesee  slate No.  8    Wantiug(f) 

25.  Tiilly  limestone Wanting 

Point  aux  Barques. 

A    iT«n.:ur^..  .r^v.,«  xr^  fi^  Wanting  or  but  par-  ?  Shales,  black  alumin- 

4.  Hamilton  group No.  8  J      tially  developed.    ]       ous  shales. 

23.  Marcellns  shale No.  8..  Black  slate. 

22.  Comiferous  lime«tone J  ^^HmLSme.^^  ^^^^  |  Comiferous  limestone. 

21.  Onondaga  limestone 

2U.  Schoharie  ^rit 

(  Several  limestones  rep- 
19.  Cauda-galli  grit No.  7 <     resent  this  and  lower 

(     beds. 
18.  Oriskany  sandstone No.  7 

Some  of  the  results  thus  far  attained  were  permanently  satisfactory ; 
others  have  already  been  modified,  and  there  are  still  others  which 
await  correction. 

The  classification  of  the  rocks  of  the  New  York  system  into  "  system- 
atic subdivisions,  founded  upon  the  fossil  and  lithological  characters," 
and  the  application  to  them  of  geographical  names  suggested  by  the 
locality  where  the  typical  sections  occur  have  stood  the  test  of  com- 
mon use  for  50  years.  The  classification  is  based  upon  observed  facts, 
and  the  nomenclature  is  expressive  of  actual  facts  with  no  mixture  of 
theory. 

The  groupings  of  these  stages  into  "  geographical  subdivisions  "  is 
faulty,  in  that  it  expresses  only  accidental  relations,  and  produces 
purely  artificial  groui)s.    Tliere  are  no  geological  reasons  for  drawing 

» (leology  of  New  York,  part  iv,  c^uipi'iHiu|>  the  aarvoy  of  the  fourth  geological  diatilct,  by  Jaiuea 
Hall.  1813,  p.  517. 
'Ibid.,  p.  619. 
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the  lines  between  the  ^<  Ohamplaiu  "  and  *<  OntoriOi''  or  the  <'  Ontario ''^ 
and  <<  Eelder][>erg  divisions,"  and  this  part  of  the  elaasilloation  has. 
accordingly  fallen  out  of  use,  because  uselesb. 

Like  objection  exists  to  the  term  <^  New  York  system.''  While  the 
base  is  well  marked,  the  rocks  of  Pennsylvania,  to  the  top  of  the  Goal- 
Measures,  should  be  added  to  i;hem  to  complete  the  system.  Adding 
the  Carboniferous  system,  as  expressed  in  Pennsylvania,  Ohio^  and  Vir- 
ginia, a  natural  group  of  the  first  order  is  produced  whioh  nearly  oor- 
resi>ondB  to  what  we  call  the  Paleozoic  era.  Were  we  to  adopt  fiMr  this 
gmnd  terrane  the  name  Appalaohian  group^  we  should  have  a  property 
constituted  name  for  an  actual,  existing  geologic  group,  free  from 
theory,  and  its  use  would  probably  assist  in  the  progress  of  soienoe. 

This  classification  of  the  New  York  State  survey  is  fhrther  defiBotive 
in  the  retention  from  the  old  nomenclature  of  such  definitive  terms  as 
Cornifcrous,  Encriual,  Water-lime,  etc  Intrinsically  they  are  not  dis- 
tinctive of  any  particular  stage  and  therefore  do  jiot  fulfill  the  true. par- 
pose  of  names  for  the  stages. 

A  similar  objection  holds  in  the  case  of  such  names  as  Oanda-galli 
grit,  Pentamerus  limestone,  and  similar  terms.  Although  the  fossib 
indicated  may  characterize  the  formations  so  named  in  their  typical 
outcrops,  the  fossils  may  fail  in  the  geographic  extension  of  the  fiorma- 
tion,  or  further  study  may  show  that  the  fossils  are  not  confined  strati- 
grapbically  to  the  zone  represented  by  the  particular  formation  in 
question. 

The  only  kind  of  name  which  can  be  applied  without  objection  to  the 
ultimate  subdivisions  of  the  terranes,  is  a  binomial  term  composed  of 
the  lithologic  name  of  the  rock  and  the  geographic  name  indicating  its 
typical  exposure. 

The  use  or  the  name  ''Old  Eed  sandstone  system"  has  been  dis- 
carded, and  its  use  in  1843  indicated  that  the  name  system  gskve  such 
dignity  to  a  terrane  that  it  was  supposed  necessary  to  find  it  in  every 
coinpleti'j  section  of  rocks.  It  was  later  that  geologists  agreed  that  the 
Old  Red  -sandstone  represents  the  Devonian  system,  but  represents  it 
in  a  diflcrcnt  type  of  deposits. 

The  imperfection  in  the  nomenclature,  even  at  the  present  time,  is 
seen  in  the  tact  that  English  geologists  ^  still  use  the  phrase  "Devonian 
and  Old  Red  sandstone''  for  the  rocks  between  the  Silurian  and  Car- 
boniferous systems.  This  error  and  confusion  comes  from  the  difficulty 
in  ridding  ourselves  of  the  old  notion  that  the  age  of  rocks  may  be  in- 
dicated by  their  lithologic  or  stratigraphic  characters.  Age  can  be 
indicated  only  by  something  which  persists  through  time;  the  litho- 
logic characters  of  rocks  indicate  what  they  were  made  of  and  how; 
the  stratigraphy  indicates  the  order  of  sequence.  The  age  of  rocks 
can  be  indicated  only  by  something  which  changes  with  the  passage  of 
time  according  to  some  definite  law.    The  organisms  represented  by 


'18d7.    Geikio  Text- Book :  Wuu«lwanl'i»  Ueology  of  Eugland  and  Wales. 
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fossil  remains  alone  meet  tbese  requirements.  A  continuous  rock  section 
furnishes  us  with  the  order  of  sequence  of  these  changes,  but  a  classi- 
fication of  the  rocks  based  upon  the  a^re  of  the  fossils  must  not  be 
ham[>ered  by  stratigraphic  or  lithologic  limits.  The  time  classification 
can  be  built  up  only  gradually  by  wide  study  of  the  fossils,)  and  the 
nomenclature  of  the  formations  must  be  applied,  and  applied  with  pre- 
cision, before  the  time  limitations  can  possibly  be  fixed  with  precision. 

Besides  these  defects  in  the  fmiii  results  of  the  New  Y^ork  survey, 
there  were  two  imperfections  occasioned  by  lack  of  evideiic,  and  others 
due  to  false  generalization.  The  Devonian  system  was  scarcely  more 
than  recognized  by  its  general  fauna— the  limits  above  and  below  were 
not  determined.  The  upper  limit  excluded  the  Catskili  formations 
which  were  subsequently  placed  in  the  system.  An  equivalency  was 
supi>oscd  to  exist  in  Ohio  and  Michigan  between  the  Chemung  and  the 
rocks  now  called  Waverly  belonging  in  the  Carboniferous  system.  TLe 
atteihpts  to  correlate  with  the  English  models  resulted  in  fixing  the 
limit  l)etween  the  Wenlock  and  lower  Ludlow  of  Murchison  between  the 
Corniferous  limestone  and  Marcellus  shale  of  the  New  York  system. 
The  rocks  above  this  limit  were  correlated  with  Murchison's  Ludlow 
group  and  Phillips's  Devonian  system. 

The  imperfection  of  this  work  was  mainly  due  to  ignorance  of  the 
precise  relations  existing  between  the  two  faunas;  and,  secondly,  to  the 
fact  that  Phillips's  fossils  were  mainly  middle  and  upper  Devonian 
forms,  while  the  lower  Devonian  species  and  tbe  lower  Devonian  type 
of  deposits  were  not  well  understood  by  the  New  Y'ork  geologists. 

It  was  the  comparative  study  of  the  fossils,  and  particularly  a  more 
careful  discrimination  of  them  and  better  appreciation  of  the  range  of 
the  characters  they  exhibited,  which  finally  cleared  up  these  imperfec- 
tions. 

Uaving  perfected  a  scheme  of  classification,  the  next  step  of  progress 
was  the  correlation  of  the  formations  west  of  New  York  with  the 
Hcheme.  This  was  mainly  accomplished  during  the  decade  from  1840 
to  1850.  The  chief  discussions  of  the  subject  were  published  between 
1842  and  1851. 

James  Hall  published  an  article  in  18412^  in  which  an  attempt  was 
made  to  correlate  the  rocks  of  the  States  of  Ohio,  Indiana,  Illinois,  x)art 
of  Michigan,  Kentucky,  Missouri,  Iowa,  and  Wisconsin,  with  the  rocks 
of  New  York  State.  He  classified  the  basins  of  the  Coal  Measures  into 
four  groups,  as  follows  :  first,  that  of  Pennsylvania  and  eastern  Ohio; 
Si  second  extending  over  portions  of  Indiana,  Illinois,  Kentucky,  and 
Tennessee;  a  third  in  Missouri,  and  a  fourth  in  Michigan.  He  traced 
the  underlying  "conglomerate'' from  Pennsylvania  to  the  Mississip]u 
River.  The  "Old  Ked  sandstone"  was  not  ivcognized  west  of  the 
Genesee  River  in  Allegany  Ctmnty,  New  York;  theChemnng  forma- 
tion, which,  he  remarked,  *'  Lyell  compares  with  the  lower  part  of  U\s^ 


*2/ote8  upon  tlio  Gvolofiy  ut  tUo  Wcatoru  SUtud,  Am.  J  our.  Sc\.,  \o\.  4*1,  v*'<&V^ 
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Old  Ked  in  Forfarshire,  etc.,  Scotland,  in  its  gray,  thin,  laminated  sand- 
stones and  green  shales,"  Hall  recognized  in  Ohio,  at  Cuyahoga  Falls, 
Akron,  etc.  He  also  correlated  the  Portage  and  Gardeau  with  rocks  at 
Cuyahoga  Falls  and  Newburg  in  Ohio,  but  found  theui  of  diminishetl 
thickness.  He  said,  **The  Portage  sandstone  (known  as  Waverly 
sandstone)  "  is  found  in  many  places  in  Ohio.  The  thin-bedded  lime- 
stones which  he  found  often  Oolitic  in  structure,  and  in  some  places 
becoming  thick  beds  of  limestone  interstratified  with  sandstone,  in 
Indiana,  Illinois,  and  Kentucky,  Hall  found  to  contain  fossils  which 
were  different  from  those  of  the  limestones  of  New  York,  and  bethought 
them  to  be  identical  with  the  Carboniferous  limestone  of  Europe,  re- 
cording one  of  the  fossils,  Product  us  hemiftpkerica^  which  was  a  char- 
acteristic of  that  formation.*  The  conglomerates  which  occur  above 
this  he  correlated  with  the  Millstone  grit  of  the  British  classification. 
This  identitication  of  the  carboniferous  rocks  in  the  West,  or  in  the 
Mississippi  Valley  Basin,  was  not  new  with  Hall,  but  had  been  made 
several  years  before  by  D.  D.  Owen,  as  will  be  shown  further  on. 

In  1S42  Hall^  read  a  paper  before  the  Association  of  Geologists  and 
Naturalists,  which  was  published  the  following  year  with  a  plate  ex- 
plaining a  section  from  Cleveland  to  the  Mississipi>i  Kiver.  In  this 
plate  the  Waverly  sandstone  series  of  the  Ohio  report  is  called  "  Che- 
mung and  Portage  groups."  The  term  "  Subcarboniferous  rocks"  is 
api)lied  to  "  firiable  gray  sandstone  with  intercalated  beds  of  oolitic 
limestone"  lying  between  the  *'  Waverly  series"  and  the  "  Carbonifer- 
ous limestone."  Where  the  latter  outcrops  in  the  Mississippi  River 
Valley  it  is  called  the  "  Great  Carboniferous  limestone." 

At  Newburg  *'  the  Portage  sandstone  or  upper  part  of  the  group  is 
seen,  and  is  there  underlaid  by  the  green  shale.  These  are  equivalent 
to  the  Waverly  sandstone  of  the  Ohio  reports,  as  was  afterward  ascer- 
tained by  visiting  the  quarries  at  Waverly.  Prom  Newburg  we  pass 
over  the  shales  and  sandstones  of  the  Chemung  grouj),  till  we  arrive 
uj)on  the  Conglomerate,  which  is  well  developed  at  ^Slow  and  Cuyahoga 
Falls.  This  Conglomerate,  which,  so  far  as  I  could  discover,  is  identi- 
cal with  the  outlier  of  a  similar  mass  in  the  southern  ]>artof  New  York, 
is  the  fundamental  rock  of  the  great  roal  formations." 

The  "black,  bituminous  shale  underlies  this  Portage  and  Chemung 
on  the  n)a<l  toward  Columbus,  and  represents  Hamilton  and  Marcellus, 
particularly  the  latter."^ 

In  the  vicinity  of  Louisville  and  New  Albany,  at  the  Falls  of  Ohio, 
the  "  black,  bituminous  limestone  •'  he  correlated  with  the  Marcellus 
shale  of  New  York  above  the  *' Corniferous  limestone."  This  is  fol- 
lowed by  the  *' green  shales  and  slaty  sandstones  of  the  Portage  group 

'  Xott'.s  n|Mui  tin*  <;»'oli»i:y  nTtlie  Wosti-in  St:ifis.  Am.  .I<nir.  Soi.,  \<>1. -12.  ]».  r>7. 

^  Mali.  .r;inii's  :  N'otfs  •'\]tl.inaT(irv  «»t  :i  Ht-ilioii  tniin  (M»  \  •■land.  Oliic*.  to  tin-  Mi.-.-<i8slpjM  llivor,  iu  ft 
sn/it/iMcst  (liirvtKni,  wilJi  itMiiuiks  u|»(»i»  thr  idcnlity  ol  IIm-  wi'-xlrrri  lituiiatinus  with  llio.so  of  2^'eW 
I'oik.     A-i'^oc.  Aw.dcoi,  Ti.ius.,  ]>«43.  in».  VT4  y.ii. 
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or  Waverly  saudstono  series  of  Oiiio/' '  Above  tbis  wera  seen  '^  friable 
gray  Baiulstoues  with  iutercalated  beds  of  oolitic  limestone.^ 

'^  These  rocks  are  marked  in  the  section  by  the  name  ^Subcarboni/erous^^ 
and  although  the  fossils  and  the  character  of  the  intercalated  beds  of 
limestone  indicate  the  coiunienceincnt  of  the  same  era  iis  the  Carbonif- 
erous limestone,  yet  it  requires  that  a  limit  should  be  fixed  between 
what  is  to  be  strictly  referred  to  Carboniferous  and  older  deposits."' 

In  a  foot-note  the  author  refen*ed  to  Dr.  Owen's  denomination  of  "  the 
rocks  here  described  as  well  as  the  succeeding  limestone  as  ISubcarbon- 
iferou8,"and  remarks  that  he  had  not  seen  the  report  when  his  section 
was  i)repared. 

D.  D.  Owen  first  applied  the  term  Suhcarboniferous  to  the  limestones 
underlying  the  Coal  Measures,  having  included  with  them  the  Silurian 
limestones,  and  to  the  whole  series  be  api)lied  the  designation  CUf 
Umentone,  James  Hall  introduced  the  name  SubcarboniferouH  to  indi- 
cate rocks  which  he  regarded  as  lying  below  the  ^'  Carboniferous  lime- 
stone," the  intercalated  calcareous  beds  of  which  contained  fossils 
like  those  of  the  Carboniferous  era.^ 

The  "Carboniferous  limestone  "of  Ilall's  paper  was  not  recognized 
east  of  New  Albany,  Indiana,  where  it  is  reported  as  resting  upon  the 
"  Subcarbouiferous  rocks."  From  there  it  was  traced  westwanl,  and 
along  the  Mississippi  Valley  in  Illinois,  Iowa,  Missouri,  and  Tennessee. 

The  author  held  that  upon  going  westward  the  character  of  the 
deposits  changes,  and  the  nature  of  the  species  changes  with  indica- 
tions of  ditt'ei'cnce  in  depth. 

It  will  be  seen  that  Ilall's  interpretation  was  based  upon  tracing  the 
continuity  of  the  strata.  Though  fossils  were  considered  in  a  general 
way,  the  dill'erences  noted  were  regarded  as  due  to  changed  conditions 
rather  than  to  lapse  of  time.  So  that  the  more  minute  comparison  of 
the  fossils  for  a  long  time  failed  to  convince  geologists  of  the  errors  of 
correlation. 

The  misinterpretation  of  the  relation  of  the  Waverly  ibrmatiou  of 
Ohio  to  the  New  York  system  waj?  very  diflicult  to  correct,  since  the 
State  geologist  who  best  knew  the  New  York  system  had  claimed,  as 
the  result  of  personal  examination,  tracing  the  rocks  step  by  step  all 
the  way  from  New  York  to  the  Mississippi  Valley,  that  these  rocks 
were  identical.  It  was  dillicult  to  get  people  to  believe  in  the  testi- 
mony of  fossils  against  such  assertions. 

In  the  year  1813  U.  1).  Rogers^  exi)ressed  the  opinion  that  tiie  black 
bituminous  shales  which  api)ear  in  the  States  west  of  Ohio,  between 
the  Silurian  and  the  Carboniferous,  represent  the  Marcellus  shales  of 
New  York  State,  and  in  this  opinion  he  differed  with  Hall,  who  re- 


>  Unll,  Jaiiiofi:  XrKcn  ox]>I;iiiatoiy  of  aHi'Ctiuii  from  ('lovfliiud,  Ohio,  to  llio  Mi<iMisHi]>)ii  Kivrr,  in  a 
noathward  diroctloii,  >villi  ivmnrkM  ii]m»ii  iIii<  iilontit.v  of  tlir  \\cnIcmi  foiiniitiniiM  >viili  tliosi>  of  Nuw 
York.    AsHoc.  Am.  Gi*ol.,  Trails.  lKi:i.  p.  'Xi. 

'Ibid.,  p.  281. 
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^urded  tlioin  as  represctitiiig  botb  the  Marcellus  and  the  Hamilton, 
although  not  e<iuivalent  to  either.^ 

In  1843^  David  DaleUwcn  commented  "On  the  Geology  of  the  West- 
ern States/'  In  this  paper  a  tine-grained  sandstone  and  chert  with 
iron  ore  was  described  from  Tennessee,  Kentucky,  and  Indiana,  and 
examined  on  its  outcrop  near  the  Knobs.  In  its  lower  part  this  forma- 
tion was  correlated  with  the  l^evonian  system  of  England  and  with  the 
Olieiiiung  groui)  of  New  York,  and  was  described  as  resting  on  black 
bitmnitious  shales  and  as  equivalent  to  the  Marcellus  shales  of  New 
York. 

The  lii*^h  appreciation  of  the  results  of  the  New  York  State  survey  is 
indicated  by  the  frequent  references  which  were  made  in  the  Journals 
to  the  reports.* 

In  D.  I).  Owen's  review  a  tentative  scheme  of  a  chronologic  table  is 
given  as  follows:* 

Prolozoic  rock$  or  Netv  York  ayittcm. 


fV* 


rraiiHitioii  Hcrien 1.  Pot'tMlaiii  saudHtoiiH. 

(    2.  (/alcifcrouM  saudrock. 

I    3.  iUack  Kiver  limestone. 
Firat  or  Lower  Divisiou •{    4.  Trenton  limefitone. 

I    5.  Utica  Hlatc. 

I    G.  HndHon  River  group. 

(    7.  Oneida  Coni^lonierato. 
Transition  sorios v    8.  Medina  sandstone. 

(    9.  Clinton  ^roup. 

f  10.  Niagara  sandstone. 

I  11.  Onondaga  Salt  group. 
iSocoiid  or  Middle  Division  ..  {  l*i.  Water  limestone. 

I  I'A.  rentanierns  limestone  and  C a t-skiHeljaly  limestone. 

I  14.  OriNkany  sandntone. 

C  ir>.  Caiida-galli  and  Schoharie  grit. 
Trafisition  series •    1«5.  <)nonda«j^a  limestone. 

(  17.  (.'ornitVrous  limestone. 

{IH.  Marecllus  hhale. 
]1>.   Hamilton  i^ronp. 
•JO.  (;..n«m-eHlato. 
21.   Portage  group. 
Transition  Mi-ries :1'2.  Chemung  group. 

Owen  Hi)ealv.s  of  the  Marcellus  shale  as  *41ie  base  of  the  third  division 
of  the  American  LMotozoie  locks."  The  equivalents  to  this  are  given 
as  the  ''lower  i)art  of  F.  VllI  of  rennsylvania  and  Virginia,  Post* 
ined  idial,  Older  l^laek  slate  of  Ivogers.*' •'  The  ti  ansition  from  the  under 
lying  Coruiferousand  Seneca  limestone  is  sharp. 

He  expressed  the  oi)inion  that  the  black  shale  at  tJie  Falls  of  Ohio  is 
probably  the  reprevsentative  of  the  (leuesee,  and  that  the  Kncrinital 
limestone  of  Tennessee  and  Kentucky  (Hiitton  Mould  Knob)  may  rep- 
resent the  Kncrinital  limestone  of  the  Hamilton  of  New  York.*^ 

•See  Aiu..r«iiir.  Sci.,  vol,  4;i.  pp.  101  lfi2. 

'  Am.  .I«>iir.  rSri.,  vol.  4r>,  ]>\i.  l.'d    Ki.'i. 

5  Aiiion;;tln  s«.-  iiia.v  l»«*  in»-iiti«iiMil  pailinilnily.  "  lievirw  of  tin-  N<'W  Yoilt  (iooloffioftl  lleportH,"  by 
I>.  l».()wi  n.  puMi^^iuil  ill  tin-  Arii..J»nii.  S«i.,  \«»1.40,  pp.  14:{  157.  \ol.  47,  pp.  15M  3^0;  vol.  48,  pp.  296-316: 
2*1  ser.,  vol.  1.  pp.  i'.i  70.  v«il.  3,  pp.  I»;4   171. 

^IhJd.  vol  47,  p.  :f.'.:».     (This  ju  liclo  i>*  .^i};ne«l  "  D.  D.  ()..'  1>.  -SO.) 
*Am.  Jnnr.  Sci.,  vol  3,  1K47,  J>.57. 

'JOjtl,  JK  Tii. 
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In  1844  Uoury  D.  Sogers  delivered  the  aimual  address  before  the 
association  of  geologists  aud  naturalists  at  tlie  meeting  held  in  Wash* 
ington.  May,  1844. 

At  tiiat  time  the  geological  publications  of  the  United  States  had 
reached  a  stage  of  considerable  perfection,  the  author  remarked.'  The 
«*  Geology  and  Mineralogy  of  the  State  of  New  York  ^  had  I)een  issued. 
Reports  on  surveys  covering  the  greater  part  of  the  Eastern  States 
of  the  Union  had  been  published,  furnishing  information  in  regard  to 
the  Paleozoic,  Mesozoic,  and  Tertiary  formations  of  this  half  of  the 
United  States.    In  regard  to  the  Paleozoic  formations  he  said : 

From  Lake  ChamplaiD,  therefore,  woetward  to  the  month  of  the  Wisconsin  Bivor,  a 
distance  of  at  least  1|100  miles,  and  southward  to  Alabama,  over  a  still  larger  and 
▼ery  complicated  tract,  and  throughout  the  entire  triangular  area  included  between 
these  limits,  the  boundaries  of  each  of  our  Paleoeoic  Appalachian  formations  have 
been  determined  and  with  very  considerable  precision.' 

He  and  his  brother  had  prepared  a  map  of  the  United  States,  14  feet 
by  12  feet  in  size.  This  was  apparently  of  the  eastern  part  of  the 
United  States.' 

The  paleontology  of  the  Appalachian  basin  at  this  time  had  been 
carried  on  by  the  researches  of  Messrs.  Conrad,  Emmons,  and  Iliill,  in 
New  York,  and  by  Messrs.  Ilall,  Owen,  Troost,  Ijocke,  and  Glapp,  in 
the  Western  States,  until  ^^Qve  hundred  well  i^haracterized  marine 
fossils  had  been  maile  known."  The  work  of  study  and  description  was 
pushed  further,  particularly  by  James  Hall,  liogers  acknowledged,  in 
1844,  that  '<  the  most  elaborate  classification  of  our  Appalachian  Paleo- 
zoic strata  hitherto  is  that  of  the  New  York  geological  survey."  '<  It 
embraces,  under  the  title  of  the  New  York  system,  the  entire  body  of 
strata  from  the  bottooi  of  the  lowest  fossiliferous  rocks  to  the  base  of 
the  Bed  sandstone  of  the  Catskill  Mountains." 

Although  the  New  York  geologists  were  acknowledged  to  have  pro- 
vided a  valuable  classification  of  these  formations,  the  author  did  not 
feel  satisfied  with  recommending  this  for  general  adoption.  He  appreci- 
ated the  difficulties  attaching  to  the  application  of  local  names  to  the 
geological  formations,  and  because  of  the  necessity  of  a  general  nomen- 
clature for  rocks  he  gave  an  account  in  this  aildress  of  a  scheme  of 
grouping  and  nauiing  the  Paleozoic  strata,  which  his  brother,  W.  B. 
liogors,  and  himself  had  been  maturing  during  the  last  three  years.^ 
Their  nomenclature  was  purely  artificial.     To  quote  he  says : 

We  propose  to  distribute  the  whole  f^veuX  body  of  strata,  from  the  base  alrondy 
designated  to  the  top  of  the  Coal  Measures,  In  fttite  distinct  nerUSj  the  products  o^ 
as  many  great  successive  pen'orb,  and  resorting  to  the  analogy  between  theso 
perio<lB  and  the  nine  natural  intervals  into  which  the  day  is  conveniently  divided 
we  have  named  them  in  ascending  order,  the  Primal,  the  Matinalj  Levanty  PretHe* 

*  RoKvn,  Henry  D.,  od  Anioiioan  fceoloj^ynnd  prosent  condition  of  KeoloKical  reaearoh  in  the  United, 
SUtce.  Am.  Joar.  Sci.,  toL  47, 1844,  pp.  137-161. 847, 278. 
>  Ibid,  p.  140. 

sSoe  p.  147.  I  find  no  ovidence  that  it  was  published.— IL  B.  W. 
«Ibid,p.l54. 
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didial,  Medidial,  Poai-wiedidial^  Ponent,  VcBj^mrtimt,  Serai  neries;  tbe  dep<wito  of  ihe 
Duwuy  Morniu};,  Suuriso,  Fureuoon,  Noon,  AfternooD,  Sniueti  Eveniug,  and  Twilight 
periods  of  tlie  great  Appalachian  Paleozuio  day. 

The  author  goes  to  some  length  in  explaining  the  application  of  this 
scheme  to  the  formations  of  the  ^< Appalachian  system"  and  their  oor- 
resiK)ndiug  limits  in  the  formations  of  the  New  York  geologists,  and  we 
notice  that  he  has  attempted  to  cover  very  much  the  same  Add  already 
covered  by  the .  nomeudatare  of  the  New  York  State  snrvey.  The  ad- 
vantages of  his  nomenclature  it  seems  to  the  writer  are  entirely  nega- 
tive ;  tbe  names  are  entirely  arbitrary,  and  on  that  account  have  not 
the  objections  attaching  to  them  which  were  raised 'against  mineralogic 
or  x>aleoutologic  names.  The  greatest  objection  to  the  scheme  as  a 
whole  is  that  it  is  necessarily  local,  both  geologically  and  geograph- 
ically, since  it  is  a  scheme  of  nomenclature  which  does  not  permit  inter- 
calations without  disturbing  its  symmetry,  and  it  does  not  allow  of 
expansion  to  cover  what  might  be  found  below  or  to  cover  the  bigher 
rocks. 

The  author  discussed  in  the  latter  part  of  his  address  the  formations 
of  the  Mesozoic  i>eriod,  named  the  lied  sandstone  along  the  eastern 
border  t^  Mesozoic  lied  sandstone,"'  and  enumerated  some  of  the  fossils 
occurring  in  the  <'  Mesozoic  Goal  Measures  of  Eastern  Virginia."  The 
Cretaceous  deposits  are  briefly  referred  to  and  a  few  of  their  charac- 
teristic fossils  enumerated.  The  Gainozoicor  Tertiary  i)eriod  is  also 
briefly  described,  and  above  that  the  Post^Pliocene  period  is  reported  in 
Maryland  and  North  Garolina  and  elsewhere  along  the  coast,  and  a  few 
of  the  fossils  which  Gonrad  had  been  so  active  in  describing  are  namctl. 

In  1847  Daniel  Shari)^  reported  the Oriskany  sandstone, GaudaGalli 
grit,  and  ISchoharie  grit  as  locally  distributed  in  New  York,  the  first 
beiug  most  prominent  in  Pennsylvania  and  Virginia.  The  whole  series 
is  classified  in  the  Devonian  system. 

The  Marcellus  shale,  the  Hamilton  group  (Moscow  shales,  Encrinal 
limestone,  Ludlowville  shales),  Tally  limestone,  and  Genesee  slate  are 
especially  distinguished  by  tlieir  faunas,  which  consist  chiefly  of  Brach- 
iopods  and  Lamellibrauchs,  the  majority  of  tbem  peculiar  to  the  De- 
vonian while  a  few  occur  in  the  higher  Garboniferous  deposits.  This 
is  by  far  the  most  fossiliferous  series  in  the  Devonian  system.  The 
Portage  group,  consisting  of  sandstones  and  shales  and  having  a  thick- 
ness of  1,000  feet,  is  nearly  barren  of  fossils,  while  the  Ghemung  rocks, 
which  have  a  thickness  of  1,5(H)  feet  and  occur  just  above  the  Portage 
group,  are  highly  fossiliferous.  Both  of  these  series  are  considereii  as 
belonging  to  the  Devonian  system,  and  with  the  Hamilton  group  con- 
stitute the  "Erie  division.''  The  Devonian  system  closes  with  the 
Ghemung  group,  abovci  which  comes  the  Old  Red  sandstone  formation. 

■  Am.  Jour.  Sci..  vol.  47,  1814,  p.  247. 

'Sharpo,  ])»ni(4  :  Keport  on   tlio  fosnil  riMiiaiiiH  of  mollutH'a  from  the  TakMizoic  format  ions  of  ihe 
UnitiHl  Statoa  (etc.),  with  rouiarkii  on  tho  comiMiriHon  of  thu  North  American  formatioim  with  (hose of 
JSurope.    Quart.  Joar.  CrooJ.  Soc'.,  1»47,  voL  4,  pp.  145-161. 
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The  aathor  iu  the  main  agreed  with  AmericaD^geologists  in  the  line  of 
division  between  these  two  great  groups  of  rocks.  He  then  con-elated 
the  system  of  America  with  that  of  Euro[)e,  after  which  he  addc<l  a  tab- 
ulation of  the  faunas  of  both  countries,  giving  references  to  synonyms, 
strata,  localities,  and  formation  in  country. 

In  1848,  before  the  American  Association  of  Geologists  and  Natur- 
alists, James  Hall  presented  a  paper  ^  in  which  some  valuable  compari- 
sons are  given  of  the  chanu^ters  ex|)ressed  by  the  rocks  as  they  outcrop 
in  different  areas.  The  Uudsou  Kiver  group  was  recognized  in  Ohio, 
Indiana,  Kentucky,  and  elsewhere  iu  the  interior.  It  becomes  more 
calcareous  and  is  called  *'  Blue  limestone"  in  the  more  western  expos- 
ures. Hall  noticed  that  it  coutaius  Conchifera  in  the  East  with  few 
Brachiopods;  that  in  the  West,  Bnicbiopods  are  conspicuous  with  Corals 
and  Grinoids,  Grustacea,  and  Trilobites.  The  Oneida  conglouierate, 
the  Sledina  sandstone,  and  the  Clinton  formations  of  New  York  were 
very  slightly  represented  in  the  Southwest  The  Niagara  shale  and 
limestone  in  the  East  were  both  fossiliferous ;  in  their  western  expos- 
ures the  limestone  is  reported  as  thicker  and  containing  abundant 
Corals,  and  the  calcareous  matter  is  reported  as  increasing  on  coming 
westward.  The  Onondaga  Salt  formation  thins  out  on  coming  west- 
ward, the  Helderberg  formations  mainly  disappear  west  of  Now  York, 
except  the  Upper  Limestone,  which  ap|)ears  in  Ohio,  Indiana,  and  Ken- 
tucky, but  is  of  lighter  color  than  its  representatives'  in  New  York. 
The  Marcellus  and  the  Hamilton  formations  are  reported  as  sandy  in 
the  East,  and  the  muds  diminish  and  the  sands  increase  in  western 
New  York,  and  in  Ohio  only  the  lower.  Shale,  and  this  of  limited  thick- 
ness apiH3ars.  The  rocks  from  the  Hamilton  group  upwanl,  and  the 
Old  Bed  sandstone  are  more  sandy  in  the  East,  and  more  argillaceous 
and  thinner  westward.  The  rocks  of  the  Catskill  Mountains,  called 
the  ''Old  Bed  sandstone,"  also  appear  in  eastern  Pennsylvania,  but 
disappear  westward,  allowing  the  Coal  Measures  to  rest  on  the  con- 
glomerate in  the  East,  but  iu  the  West,  on  the  Chemung,  and  still  far- 
ther west  on  the  limestone. 

As  a  conclusion  from  these  observations  the  author  pointed  out  that 
a  continent  supplying  sediments  must  have  existed  eastward  of  the 
great  de[)Ositiou  of  sediment  along  the  border,  extending  from  New 
York  through  Pennsylvania  southward. 

M.  Ed.  de  Venienil,  after  a  visit  to  the  United  States  and  examina- 
tion of  our  formations  and  their  fossils,  published  iu  the  Bulletin  of  the 
Geological  Society  of  France  the  most  valuable  paper  on  correlation 
which  had  appeared  up  to  this  time.^ 

■  The  Goographical  Distribution  of  Fosnils  in  tho  Oldo.r  ]^»ck8  of  the  Uniteil  States. 

'Tho  CoiniferoaN  and  Onondajira  liuiostone.-  -H.  S.  W. 

*Note  «ur  le  parall^lisnio  dos  ruches  doH  d6piits  pnlOozuuiues  do  rAiurriiiiio  septontriuunlt' avoo 
oeaz  de  I'Europe,  saivlo  d'un  tableau  des  ospdces  fossilescoiumuucsanx  doux  contiuonts,  iivec  I'indi- 
cation  des  ^tftagea  oh  eliea  se  reucuntreut  et  termiuo  par  no  oxanieu  critique  de  chacune  de  cevospicea. 
8po.  g6oL  Fnuioe,  BiUl.,  2*  Btr.,  vol  4, 1847,  pp.  Me-7U9. 
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A  few  copies  of  the  paper  doubtless  came  to  America,  but  the  form 
iu  which  it  had  most  effect  npon  American  ii^oology  was  the  condensed 
translation  and  review  of  it  by  Mr.  James  Ilall,  which  appeared  in  the 
American  Journal  of  Science,^ 

In  the  present  essay  the  original  paper  and  UalPs  comments  apon  it 
will  be  discussed  together. 

Mr.  Hall's  lieview  of  M.  de  Verneuil's  Study  of  the  American  Pale- 
ozoic was  entitled  <'On  the  Parallelism  of  the  Paleozoic  Deposits  of 
North  America,  with  those  of  Europe;  followed  by  a  Table  of  the 
Species  of  Fossils  common  to  the  two  Continents,  with  indication  of 
the  positions  in  which  they  occur,  and  terminated  by  a  critical  exami- 
nation of  each  of  these  species ;  by  Ed.  de  Verneuil  (translated  and 
condensed  from  Bulletin  of  the  Geol.  Soc.  of  France,  2d  ser.,  vol.  4  for 
this  Journal;  by  James  Hall,  New  York  State  Geologist)." 

This  review  is  of  great  importance  historically,  as  it  shows  how  the 
classification  of  the  New  York  strata  was  perfected  by  comparisons 
with  the  European  strata  and  their  fossils. 

M.  de  Yerneuil,  one  of  the  ablest  paleontologists  of  the  time,  had 
been  associated  with  Murchison  in  studying  the  Kussian  series.  This 
had  led  to  a  careful  comparison  of  the  English  Silurian  and  higher 
rocks  with  those  of  ^Bussia,  and  had  fitted  him  preeminently  to  recog- 
nize corresponding  species,  zones,  and  faunas  in  the  New  York  and 
American  series.  And  this  "  review "  of  his  report  on  the  "parallel- 
ism ''  was  by  the  rising  paleontologist  of  New  York,  who,  better  than 
any  other  American,  understood  the  fossils  and  the  arguments  pre- 
sented. 

Do  Verneuil  appreciated  the  great  value,  for  classificatory  purposes, 
of  the  New  York  series.  He  said,  "  No  couTitry  iu  Europe  offers  us  so 
complete  and  uninterrupted  a  development  of  the  Silurian  and  Devo- 
nian systems,"  and  "this  series  presents  a  continuous  succession  of 
deposits  which  are  superimposed  in  regular  stratification.''  * 

The  various  strata  of  this  New  York  system  had  been  defined  and 
named  in  their  stratigraphic  order,  each  different  kind  of  rock  receiving 
a  distinct,  generally  geographic  name.  These  formations  had  been 
grouped  together  arbitrarily  on  grounds  of  their  geographic  outcrops ; 
as  Champlain,  Ontario,  Helderberg,  and  Erie  divisions.  By  some  of 
the  State  Geologists  they  were  regarded  as  merely  convenient  group- 
ings of  the  rocks  for  reference,  and  of  no  scientific  value. 

In  the  final  reports  attempts  had  been  made  to  correlate  them  with 
the  English  subdivisions,  as  given  by  Murchison  and  others,  but  these 
correlations  were  incorrect,  as  the  result  has  shown. 

No  satisfactory  method  of  classifying  the  individual  formations  into 
more  comprehensive  groups  had  been  attained.  De  Verneuil  proposed 
to  unite  them  into  groups  according  to  their  paleontologic  affinities. 


*Svvoud  sviies,  vols.  5  and  7, 1848.  'Am.  Jour.  Sci.,  2d  ser.,  vol.  5,  p.  178. 
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This  bad  been  ronghly  attomptod  by  ITiill,  bat,  as  we  examine  the 
changes  proposed  by  Do  Verueuil,  it  is  evident  that  the  final  grouping 
was  greatly  influenced  by  his  suggestions. 

.In  the  first  volume  of  tlie  Paleontology  of  New  York,  published  in 
1847,  no  attempt  was  made  by  Hall  to  form  subordinate  groups  of  the 
several  formations  included  in  the  lower  or  ^^  Champlain  division,"  the 
Potsdam  sandstone,  Galciferous  sandrock,  Chazy  limestone,  Birdseye 
limestone,  Black  Kiver  limestone,  Trenton  limestone,  Utica  shales, 
Hudson  Kiver  sh.iles).  De  Verneuil  thought  there  were  several  subor- 
dinate groups,  viz,  (I)  Potsdam,  (2)  Galciferous,  (3)  Oliazy,  Birdseye, 
and  Black  River  limestone,  (4)  Trenton  limestone,  Utica  and  Hudson 
Kiver  shales.  The  phuting  of  the  Oneida  conglomerate  and  the  Me- 
dina sandstone  with  the  Niagara  limestone  wsis  supported  by  de  Ver- 
neuil. It  had  been  proposed  by  Vanuxem  and  Mather,  but  was  not 
followed  by  Hall;  in  this  review  the  latter  expressed  his  assent  to  its 
proj)riety. 

The  combination  (Water-lime,  PeuUimerus  galeatus  limestone,  Del- 
thyris  shaly  limestone.  Upper  Pentamerus)  to  form  the  Lower  Helder- 
berg  group,  was  the  suggestion  of  de  Verneuil.^  Tliis  is  in  accordance 
with  Conrad's  identification  of  this  combination  with  the  ^'Wenlock 
limestone"  in  1841,  but  does  not  agree  with  Hall's  previous  grouping 
of  the  equivalents  of  the  Wenlock  limestone. 

The  inclusion  of  the  Oriskan^'  with  the  Corniferous  in  the  Devonian 
was  suggested  by  de  Verneuil.  The  combination  Marcelhis,  Hamilton, 
TuUy,  and  Genesee  as  a  lower  group,  and  Portage  and  Gliemung  iis  an 
upiHjr  group  ot  the  Erie  division  of  the  New  York  reports  was  also  his. 

De  Vemeuirs  parallelisms  of  the  strata  of  Europe  and  America  were 
as  follows: 

The  Potsdam  sandstone  he  regarded  as  the  equivalent  of  the  <<  sand- 
stone with  obolus^of  Bnssia  and  the  *' Carboniferous  sandstone"  of 
Scandinavia.  The  siliceous  limestone  and  Black  River  and  Trenton 
limestones  were  the  ''  bituminous  schist  and  Orthoceratite  limestone  "  of 
Sweden  and  Russia.  The  Utica  shales  and  Hudson  River  group  were 
the  "  Graptolite  slates  "  of  Sweden  and  of  Bain,  France.  These  to- 
gether form  the  ec[uiva1ei)t  of  the  inferior  stage  of  the  Silurian  system, 
and  as  we  study  his  classification  of  the  next  division,  it  is  apparent 
that  the  groupings  suggested  are  not  those  arising  from  the  particular 
American  sequence  of  rocks,  or  alone  from  the  faunas  themselves,  but 
from  their  equivalency  to  the  divisions  of  tlie  European  classifications.^ 

In  the  western  exposures  in  Indiana  and  Ohio,  he  recognized  a  union 
of  the  faunas  of  the  Lower  and  Upper  Silurian,  but  in  New  York  these 
are  separated  by  the  Oneida  and  Medina  arenaceous  deposits,  and  he 
drew  the  line  so  as  to  include  the  latter  in  the  Upper  Silurian  with  the 
Clinton  and  Niagara.  The  limestones  and  shales  of  the  Niagara  he  re- 
ganled  as  the  equivalent  of  the  limestones  and  slat.es  of  Wenlock  and 

•Am.  Joor.  8cJ.,  2d  aor.,  voL  5,  p.  180.  *l\iVd.»  VT>''^'WA^» 
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of  Gothland,  and  the  five  inferior  groups  of  the  Uelderberg  division  as 
the  equivalent  of  the  Ludlow  rocks. 

In  M.  de  Yerneuil's  opinion  the  Devonian  begins  with  the  Oriskany 
and  includes  the  five  superior  groups  of  the  Helderberg  division  and 
the  Hix  groups  of  the  Erie  division  and  the  Old  Red  sandstone.  His 
argument  for  beginning  the  Devonian  with  the  Oriskany  is  the  paleon- 
tologic  equivalency  of  its  fauna  with  the  fauna  of  the  European  Devo- 
nian, the  occurrence  of  AsterolepU  in  Schoharie  grit,  and  the  characters 
of  the  numerous  Spiri/era^  some  of  which  reminded  him  of  Spiri/er  cut- 
trijugatus  and  8>  macropterus  of  the  Eifel,  and  the  fact  observed  by  Hall 
that  the  Oriskany  was  preceded  by  a  violent  movement  of  the  waters, 
denuding  and  wearing  depressions  in  the  underlying  rocks.  The  Oris- 
kany he  regarded  as  the  equivalent  of  the  fossiliferous  schists  of  the 
border  of  the  Bhine.  The  Chemung,  Portage,  Genesee,  TuUy,  and 
Hamilton  represented  for  him  the  formations  of  the  Eifel  and  Devon- 
shire ;  the  Marcellus  shales,  those  of  Wissenbach  in  Nassau ;  the  black 
(Devonian)  schists  of  Ohio,  Indiana,  and  Kentucky,  he  regarded  as 
representing  the  Genesee  slates  of  New  York,  and  the  calcareous  band 
below  represented  the  Corniferous  and  Onondaga  limestones  and  the 
Hamilton  group  of  the  East.  He  held  that  the  Devonian  disappears 
entirely  on  the  borders  of  the  Mississippi,  where  the  Carboniferous  sys- 
tem rests  directly  on  the  Silurian.* 

M.  de  Verneuil  first  pointed  out  the  fact  that  the  '*  Waverly  series" 
of  Ohio  and  Indiana  in  great  part  belonged  to  the  Carboniferous  sys- 
tem, and  not  to  the  Devonian  or  Chemung,  as  American  geologists 
held.'^  This  determination  was  based  upon  study  of  the  fossils  from 
near  Medina,  and  from  Cuyahoga,  and  Newark,  Ohio.  He  showed  that 
the  representative  of  the  Portage  in  Ohio  was  possibly  at  the  base  of 
the  Waverly  sandstone,  but  found  it  dinicult  to  draw  a  line  on  account 
of  the  lack  of  fossils,  and  held  the  view  that  in  Indiana,  Kentucky, 
and  Tennessee  all  above  the  black  slatt^s  is  Carboniferous. 

In  a  foot  note^  Mr.  Ilall  explains  that  he  had  called  rocks  at  New 
Albany,  Indiana,  lying  above  the  black  slates  and  containing  Carbon- 
iferous fossils,  '^  Snbcarboniferons,  from  the  fad  that  up  to  that  time  I 
was  not  aware  that  anything  below  the  base  of  the  great  Carboniferous 
limestone  had  been  recognized  as  belonging  to  the  Carboniferous 
]>eriod." 

In  Tennessee  the  siliceous  strata  of  Prof.  Troost  are  also  reported  as 
lK'h)nging  to  the  Carboniferous  system.  Those  *'  Psanunites  and  sili- 
ceous strata"  M.  de  Verneuil  regarded  as  equivalent  to  the  ^*  yellow  sand- 
stone of  Ireland"  and  the  "slates  and  sandstones  of  Westphalia.^ 

The  reviewer  at  the  close  still  dilfiTed  from  the  author  in  his  defini- 
tion of  the  Devonian  system  above  and  below,  insisting  that  the  limit 
between  Silurian  and  Devonian  should  beat  the  base  of  the  Schoharie 


^  Am.  Jonr.  .Sc/.,  2cl  H<«r.,  vol.  5,  p.  ISl.  ^  Ibi.l.,  vol.  7,  i»  ih.  »  Ibiil.,  p.  461. 
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grit,  with  the  Oriakany  lefb  ont  of  consideration,  and  that  the  line 
between  the  Devonian  and  Carboniferona  was  not  established  and 
ahonld  be  regarded  as  a  matter  for  fatnre  determinationJ 

Mr.  Hall  in  this  review  qnotes  M.  de  YerneaiPs  views  as  to  the  great 
importance  of  the  Paleozoic  formations  of  America : 

No  series  of  formations  ozteuded  ia  continnons  manner  over  a  vaster  snrlaoe  than 
the  Paleozoic  strata  of  North  America.    *    •    « 

By  one  of  those  happy  chances  of  which  the  history  of  science  offers  us  examples, 
tlie  territory  of  the  State  of  New  York  presents  us,  below  the  Carboniferous  system, 
the  Paleozoic  series  most  complete.    Every  favorable  condition  is  there  also  united  . 
to  facilitate  that  stndy,  and  to  give  to  superpositiop,  and  consequently  to  paloon- 
tolo||^,  of  which  it  is  the  foundation,  a  certainty  truly  sciontific' 

Hall  as  well  as  de  Verneuii  objected  to  the  anfortanate  grouping  into 
^^Champlain,  Ontario,  etc.,  divisions"  of  the  rocks  of  New  York. 

The  finer  sabdivisions  are,  however,  of  permanent  valne.  As  IlaU 
wrote: 

In  truth,  we  are  satisfied  that  what  has  given  certainty  and  security  to  our  labors 
are  f he  minute  sub^livisious  which  have  never  been  attempted  elsewhere.' 

The  reason  for  this  is  not  far  to  seek.  These  '^  minute  subdivisiouH" 
are  the  natnral  stratigraphic  units  of  the  rocks  and  express  the  his- 
torical changes  of  local  conditions.  They  express  for  each  geograpliic 
province  the  e]>ocbs  of  its  geologic  history  and  are  the  units  of  which 
the  geologic  history'  of  the  world  was  built.  The  fossils  they  contain 
are  the  means  by  which  the  history  of  geogmpliically  separate  prov- 
inces  may  be  compared,  and,  as  will  be  seen  by  tracing  the  etf*ect  of  de 
Verneuirs  work,  the  coordinating  and  systematizing  of  the  several 
stages  of  relative  uniformity  of  condition  for  each  separate  province 
are  to  be  accomplished  by  a  comparative  study  of  the  fossil  contents. 

The  reason  fpr  grouping  any  particular  formation  with  those  below 
rather  than  with  those  above  is  not  found  in  its  mineral  constitution, 
nor  in  its  stratigraphic  condition,  but  in  the  character  of  its  fossil  con- 
tents. 

The  New  York  geologists  attem])ted  to  make  groupings  of  the  funda- 
mental, formations  based  upon  their  relation  to  the  present  geographic 
features  of  the  surface.  This  plan  failed  because  there  is  no  natural 
connection  between  the  two  sets  of  ])henoincna. 

When  de  Verneuii  discussed  the  matter  with  Ilall  on  a  basis  of  the 
fossil  contents  of  each  p<arti(;ul<'ir  formation  for  each  particular  geo- 
graphic province,  a  natural  classification  was  reached,  which,  as  far  as 
the  state  of  knowledge  permitted,  was  satisfactory,  and  which  persists 
because  it  is  based  upon  facts  which  have  a  history,  and  therefore  can 
be  historically  classified.^ 

In  Tennessee,  according  to  therej)orts  of  Troostand  Owen,  Silurian, 


'Am.  Jour.  Sci.,  2<1  ser.,  vol.  7,  ]i.  2:U. 
'Ihld..  vol.  6.  p.  177. 
Mbl«l.,p.l79. 
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Dcvoiuan,  and  Garlmnifcrons  species  occnr  to^i^otlier.  TTall  acoounted 
for  this  fact  by  the  absence  in  this  basin  of  the  rocks  Mrhich  in  New 
York  separate  these  p:reat  limestonci^,  thus  bringing  the  represents- 
tives  of  the  Niagara,  Lower  Jlelderberg,  and  Corniferous  togetheri  and 
causing  some  confusion  of  the  species  at  their  junction. 

This  was  in  the  direction  of  clear  definition  for  the  faunas.  Up  to 
this  time  (and  to  some  extent  even  to  the  present),  geologists  did  not 
appreciate  the  essential  importance  of  knowing  the  precise  order  and 
association  of  species  milking  np  the  succ/cssive  faunas  met  with  in 
geological  sections. 

James  Hall  also  prepared  a  paper  on  '^Parallelism  of  the  Paleozoic 
deposits  of  the  UnitCil  StAtes  and  Euroi>e."'  This  was  written  after 
the  work  on  the  f^eological  survey  of  the  State  of  New  York  had  been 
(completed.  Interest  had  also  been  excitiHl  in  Europe,  and  he  had  the 
benefit  of  the  studies  of  several  very  able  Euroi)ean  geologists.  Lyell 
had  visited  America  the  first  time;  de  Yerneuil  had  written  his  pai>er 
on  the  Parallelism  of  the  Paleozoic  formations  of  America  with  those 
of  Euro[>e;  Daniel  Sharpe  had  written  a  paper  on  the  Paleozoic  rocks 
of  North  America;'  Murchison's  Silurian  System  had  been  published 
several  years  before;  also  Pliillips's  Fossils  of  Devonshire,  and  McCoy's 
description  of  Carboniferous  Fossils ;  these  were  all  published  and  at 
hand  for  comparison. 

The  first  part  of  Mr.  Hall's  paper  was  devoted  to  a  comparison  be- 
tween the  Paleozoic  rocks  of  New  York  and  those  of  the  West.  As 
bearing  u[>on  our  present  discussion  the  only  point  of  particular  interest 
in  this  comparison  is  the  correlation  of  the  "Clitt*  limestone"  with  the 
Niagara,  Clinton,  and  Corniferous  limestones  of  the  East.  In  the  West  a 
black  shale  was  found  to  follow  this  limei^tone  in  some  parts  of  Ohio, 
Indiana,  and  Kentucky,  which  was  believed  to  rei)resent  the  remaining 
part  of  the  Devonian ;  above  it,  all  over  the  Mississippi  Valley  area,  the 
Carboniferous  limestone  appeared.  Several  interesting  points  appear 
in  the  discussion  of  the  comi)arisons  between  the  AmeriwMi  and  the 
European  sections  made  by  Messrs.  Sharpe,  de  Yerneuil,  and  others.  In 
these  comparisons  the  use  of  fossils  was  paramount,  and  all  the  argu- 
ments were  based  upon  the  presencje  of  fossils,  irrespective  of  the  lith- 
ologic  characters  of  the  deposits.  The  determinations  were  based 
chietly  upon  a  numerical  comparison  of  the  recorded  lists  of  fossils; 
resemblance  of  genera  and  identity  of  species  were  recorded  as  deter- 
mining the  correlation  in  each  ease.  This  principle  was  carried  to  the 
extent  of  recognizing,  in  species  from  what  are  called  now  Devonian 
deposits  of  America,  correlations  with  Silurian,  Devonian,  and  Car- 
l>oniferous  species  in  the  different  groups  of  organisms  which  were  com- 
pared.   For  instance,  in  a  table-'  the  Brachiopods  of  the  Oriskany  sand- 


'  It  apponnMl  aw  rli.iptor  xviii  of  Fo.stoi   und   Wliitm-y's  Kcport  od  Lak*;  Superior,  part  li,  pp. 
2»r>-3lfi,piil)li8hi>(l  ill  isra. 

*Qnnr.  Jour.  God.  Soc.  Ltuid.,  AuuiiHt,  l!:lH. 
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Btone  are  said  to  indicate  a  ^<  close  afUnity  with  tlie  CarbonifeTons ;"  the 
Cephalopoda  of  the  Marcelliis  and  the  Brachiopoda  and  some  Cephal- 
opoda of  the  Ghemnng  and  Ilaniilton  groups  are  reported  as  "  of  Oarbon- 
iferons  fades.''  Again,  the  Brachioi>od8  and  lianiellibranchs  of  the 
Chemang  and  Hamilton,  and  the  Braciiiopods  of  the  Oorniferous  are  in- 
dicated as  presenting  a  "Devonian  facies,"  while  the  Lamellibranchiata 
and  Orthocerata  of  the  Chemung  and  Hamilton,  the  Cephalopoda  of  the 
CoruiferonSi  and  the  Cephalopoda  and  Crustacea  of  the  Schoharie  grit 
are  regarded  as  *<  equivalents  of  the  corresponding  faunas  of  tlie  Lud- 
low rocks  in  Europe." 

This  indicates  considerable  confusion,  and  the  inference  to  be  drawn 
firom  a  study  of  these  results  is  that  the  determination  of  the  fossils 
was  not  sufficiently  accurate  to  make  the  comparisons  with  precision. 
It  is  probable  that  the  dilferonce  between  the  Hi)ecies  which  were  de- 
fined as  "Carboniferous,"  or  "Devonian,"  or  "Upx)er  Silurian  (Lud- 
low)" in  Europe,  belonging  to  the  same  genera,  was  not  so  great  as  the 
diflerence  which  the  8i>ecies,  belonging  to  the  same  horizon,  might 
exhibit  on  the  two  sides  of  the  ocean ;  but  at  this  stage  in  tbe  progress 
of  paleontology  there  was  appareii  tly  very  little  appreciation  of  tbe 
amount  of  variation  which  speci(^s  of  the  same  genus  undergo  during 
the  same  geologic  epoch. 

Hall  was  of  the  opinion  that  the  Upper  neldcrberg  of  the  New  York 
system  represented  the  Ludlow  group  of  Murchison,  and  while  he  rec- 
ognized the  fact  that  the  Ludlow  beds  were  separateil  by  tbe  English 
from  the  Devonian,  he  insisted  that  the  fossils  of  tlie  Ludlow  were 
represented  by  the  fossils  of  the  Schoharie  grit  and  Corniferous  lime- 
fitone  more  closely  than  by  any  of  our  Lower  irelderl)erg  species.  Jle 
insisted  that  either  the  Ludlow  beds  belonged  to  the  Devonian  or  that 
there  must  be  some  consider  able  gap  in  the  New  York  series  between 
the  Lower  Helderberg  and  the  Upper  nelderl>erg.  lie  said,  after 
stating  that  he  could  not  agree  with  M.  do  Yerneuil  in  placing  the 
Lower  Helderberg  limestones  in  parallelism  with  the  Ludlow: 

Loaviiig  ont  of  couHidoration  the  Orinkaiiy  HaiulHtrnio  and  Caiida-Galli  (^rit,  wo  feci 
diapcmed  to  regard  tlio  Schoharie  ^rit.  as  poH8t>fiHin^  zoological  featuroH  more  in  acc-ord- 
anco  with  those  of  the  Lower  Ludlow  HerioH  than  any  other  rock  in  our  claHsilication. 
Wo  shall  thus  pla^o  it  for  the  present.' 

And  in  his  table  of  equivalents  the  Wenlock  series  is  represented  by 
the  Clinton  group  in  part,  Niagara  group,  and  Lower  Jlelderberg  lime- 
stones ;  and  the  Ludlow  series  and  Devonian  system  are  represented 
by  our  Upper  Helderberg  limestones,  Hamilton  group,  Chemung  group, 
and  the  Ked  sandstone  and  shale  of  the  Catsktll  Mountains.' 

As  indicative  of  the  stage  of  refinement  reached  in  the  identification 
of  species  and  its  results,  the  following  quotations  may  be  made : 

Althongh  it  is  not  difficult  to  iind  the  evidence  of  a  general  parallelism  in  our  sue- 
>Po«tor  and  Wliituoy,  Kept  on  L:iko  Superior,  pi.  2,  p.  310.  >  Ibid.,  p.  317. 


74  THE  DEYOKIAN  AND  OARBONIFEBOUB.      iMfu.!!. 

coasivo  gronpft  with  those  of  Enrope,  yet  when  we  oome  to  more  mlaiite  adA  erltloal 
oomparisoDt  the  diflloaltiee  inersMe  rftther  th«n  dimlnidi. 

The  relatione  of  our  divirione  often  appear  to  he  in  two  diraetlom^  and  It  ia  Im- 
poflsible  to  aoeonnt  aatialketorily  in  the  apparent  divefgenee  in  the  dinwtloB  of 
groups,  as  shown  hy  the  evidenee  i^oid^  by  the  veeognlaed  spevlea  of  Buopean 
aathorities.^ 

This  determiiigtioii  of  (correlatioo  with)  tfaeLadlowwasindepAndent 
of  bis  determinatioii  of  the  true  reproaentative  of  fhe  Devonian  sgratem 
in  America;  for  in  another  place  he  said : 

Tho  Oriskany  sandstone,  howover,  marks  an  important  horiaon,  einee  wo  now  regaid 
it  AS  coiumeQoIng  the  I>eTonian  period.* 

Although  foeails  were  nsed  for  the  pnrpoee  of  oorrehiting  formationa 
across  geographic  intervals,  as  from  England  to  Amerioai  it  was  not  by 
paleontology  pare  and  simple.  It  was  an  identification  of  strata  by 
likeness  of  fossils  irrespective  of  the  qnestion  of  paleontolQgic  hlatoiy. 
The  fossils  were  mere  ^'  medals  of  creation ;  ^  those  possessing  the  aame 
marks  were  supposed  to  belong  to  the  same  creation.  The  time  had 
not  come  for  an  examination  of  the  relations  of  the  variona  Ibsaila  to 
each  other.  The  law  of  paleontologic  succession  di4  not  become  a 
factor  of  correlation  till  the  idea  of  the  evolution  of  spedes  ftirnhdied 
a  rational  basis  of  confidence  in  the  naturalness  of  the  observed  order 
of  seqaenco  of  forms.  The  idea  of  evolution  suggests  the  true  biologic 
system  of  correlation,  in  which  the  data  of  the  dassificatioii  are  IbaailSi 
and  the  distinctions  maile  are  into  periods  in  the  history  of  organiamfy 
the  strata  taking  their  relative  position  in  the  series  according  to  the 
perio<l  in  this  history  which  their  contained  fossil  remains  may  indi- 
cate. 

> Foster  and  Whitney,  Kept,  on  Lake  Superior,  pt  2,  p.  314.  'Ibid.,  p.  90S. 
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'     THE  DIFFERENTIATION  OP  THE  CARBONIFEROUS  SYSTEM. 

In  matters  of  correlation  the  Carboniferous  system  is  particnlarly 
unfortunate,  in  that  there  is  nothing  in  the  name  nor  in  the  usage 
to  determine  precisely  the  limits  of  the  system  above  and  below. 
The  grand  divisions  Ijower  Carboniferous,  Millstone  Grit,  and  Coal 
Measures  have  l>een  handed  down  from  the  early  classifications  before 
Btrict  methods  were  in  use.  The  question  whether  the  Permian  shall  con- 
stitute the  third  age  of  the  Carboniferous  period  or  not  must  be  settled 
either  arbitrarily  or  by  refereuce  to  precedent  In  order  to  establish 
a  precedent  it  must  be  determined  what  is  the  standard  Carboniferous 
system.  If  the  original  Carboniferous  system  excluded  the  Permian  as 
a  distinct  system  it  is  important  that  a  name  be  found  to  designate)  that 
usage  and  to  distinguish  it  from  the  present  common  usage,  which 
includes  the  Lower  Carboniferous,  the  Coal  Measures,  and  the  Permian 
in  the  one  Carboniferous  system.  A  review  of  the  literature  shows  that 
a  classification  of  the  rocks  to  form  a  system  to  which  first  the  name  Car- 
boniferous was  applied  was  made  by  W.  I).  Conybeare  in  1821.^  It  was 
called  the  "  Medial  or  Carboniferous  order,"  and  was  defined  to  include: 

(1)  The  Coal  Metisures,  the  'independent  coal  formation"  of  Werner; 

(2)  the  Millstone  grit  and  shales;  (3)  the  Carboniferous  or  Mountain 
limestone ;  and  (4)  the  Old  lied  sandstone.'  This  grouping  of  the  rocks 
was  suggested  by  their  ''association  together  in  the  districts  which 
afTonl  the  i)rinc]pal  deposit  of  fossil  coal."^ 

In  this  classidcation  the  "New  Red  sandstone,"  including  what  is 
now  called  "  Permian "  and  "Trias,"  was  distinctly  excluded,  and  we 
discover  that  the  New  Ivcd  sandstone  beds  in  England  generally  rest  un- 
comformably  ui>on  the  Carboniferous.  The  line  of  unconformity  gave 
occasion  for  the  distinction  between  '* primary  "  and  "secondary,"  and 
later  "transition"  and  "secondary,"  and  for  the  chissification  of  the 
rocks  and  faunas  below  the  lino  as  "  Paleozoic  "and  those  above  as 
"  Mesozoic."  In  the  Wernerian  nomenclature  the  term  "  Floetz  class" 
wiis  applied  to  the  flat-lying  roclcs,  beginning  with  those  New  lie<l  sand- 
stones in  the  English  series  and  running  upward. 

Conybeare's  Carboniferous  orderalso  included  rocks  correlated  as  Old 
lied  sandstone,  and  he  recognized  that  the  "  Old  Red  approaches  in  \{s 
lowest  beds  very  nearly  to  the  characters  of  the  graywacike  upon  which 


*  (Ton.vlKUirfi  aiwl  Phillip.-) :  OuUiuort  oftho  (f  ctilo;;)'  of  Eii;;laii(l  and  Waleii.  London,  1822,  ii.  3:t3. 

»Op.olt,p.335. 

>Op.cit.,p.333. 

To 
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it  reposes,  and  Indeed  graduates  insensibly  into  that  rock,  ao  that  the 
line  of  separation  between  them  is  frequently  only  an  imaglnaiy  and 
arbitrary  demarkation."' 

Thus  wo  see  that  the  Oarboniferons  as  origiually  understood' was 
grouped  about  the  Ooal  Measures,  had  it4s  upper  limit  a  line  of  nnoon- 
formity,  and  below  had  no  sharp  line  of  demarkation. 

Mnrchison  and  Sedgwick  had  previously  recognized  the  importance 
of  the  Old  Bed  Sandstone  as  a  distinct  terrane,  and  as  holding  a  pe- 
culiar and  interesting  founa,*  and  iq  1839,  in  the  Silurianiqrstem,  Mnr- 
chison raised  it  to  equal  rank  with  the  Silurian  and  Oai-bonifbronai  call- 
ing it  the  <<  Old  Bed  system.'' 

Murchison  included  in  the  Oarboniferons  system  the  rooks  associated 
with  the  Ooal  Measures,  which  are  terminated  above  by  the  rocks  of  the 
New  Bed  system,  and  below  by  those  of  the  Old  Bed  system.  The 
three  divisions  of  the  Oarboniferons  system  (Ooal  Measures,  Millstone 
grit,  and  Oarboniferons  limestone)  were  recognized  by  Murchison. 

The  Old  Bed  fiQrstem  of  Murchison  included :  (1)  Quartoze  Oouglom- 
erate  and  sandstone ;  (2)  Oornstono  and  marl ;  (3)  Tilestone. 

Imineiliatoly  under  the  Tilestone  at  Ludlow  village  was  the  Upper 
Ludlow  and  top  of  his  Silurian  system.  The  Tilestonos  were  regarded 
as  beds  of  passage  to  the  Silurian.  They  were  afterward  called  ^'  Down- 
ton  sandstone,"  a  name  proposed  by  John  Phillips. 

This  was  the  classification  with  which  the  New  York  geologists  sought 
to  correlate  the  rocks  of  the  New  York  system  in  1840. 

The  Oarboniferous  system  was  made  up  of  the  Ooal  Measures  at  the 
top,  the  Millstone  grit,  and  at  bottom  the  Oarboniferous  limestone. 
Above  the  Oarboniferous  came  the  New  Red  sandstone  or  New  Bed 
system,  in  which  the  Magnesian  limestone,  the  Saliferous  group,  and 
the  New  Bed  sandstone  were  conspicuous  divisions.  Below  the  Oar- 
boniferons came  the  Old  Red  system,  which  in  Murchison's  classifica- 
tion filled  the  interval  between  the  Oarboniferous  and  Silurian  systems. 

The  confusion  about  the  Devonian  in  the  final  reports  of  the  New 
York  survey  arose  partly  from  the  original  confusion  in  England. 
The  series  in  New  York  are  perfectly  simple  up  to  the  Oonglomerate. 
The  Red  rocks  of  the  Oatskill  were  identified  with  the  Old  Red  system. 
The  Devonian  rocks  were  clearly  below  these  Oatskill  rocks,  and  while 
some  of  their  fossils  were  similar  to  Phillips's  Devonian  fossils,  others 
were  also  like  Murchison's  Ludlow  fossils,  and  as  the  Ludlow  group  im- 
mediately preceded  the  typical  Old  Red  rocks  of  England,  and  aa  the 
chief  of  Phillips's  Devonian  fossils  were  really  Upper  Devonian,  it  was 
natural  to  conclude  that  the  rocks  of  our  Middle  and  Lower  Devonian 
were  to  be  correlated  with  the  Ludlow  rocks  of  Murchison. 

The  correcting  of  this  mistake  could  come  only  from  a  careful  study 
of  the  fossils.    When  this  had  been  done  by  de  Verneuil  the  correc- 


*  Op.  oit,  p.  862.  'GouL  Trans.,  vuL  3. 
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tion  was  made;  bat  Hall  accepted  it  otdy  after  making  a  careful  study 
of  the  fossils  for  himself.  To  Uall  the  New  York  rocks  were  the  stiind- 
ard.  To  de  Vemeuily  Shaq),  and  Lyell  the  English  rocks  were  the 
standard,  and  they  had  no  prejudices  in  favor  of  any  particular  inter- 
pretation of  the  Ameiican  rocks.  Tlie  lithologic  characters  were  prom- 
inent in  nail's  correlation ;  to  the  English  geologists,  and  particularly  to 
de  Yemeuil,  fossils  were  the  chief  criteria. 

Tn  the  Oarboniferous  system  the  lack  of  a  representative  of  the  Car- 
boniferous limestone  in  the  Pennsylvania  sections  led  to  confusion, 
in  early  reports  we  read  of  the  Goal  Measures  as  ^^  secondary,"  and 
of  ^^  transition  coal-beds.''  (1835.)  It  was,  doubtless,  this  supposition 
that  the  true  order  was  (I)  limestone,  (2)  grit,  (3)  Goal  Measures,  that 
led  the  Ohio  geologists^  to  correlate  the  Comiferous  limestone  under- 
lying the  shales  and  fine- grained  sandstone  (Waverly)  w^ith  the  Moun- 
tain limestone. 

The  Wemerian  idea  that  anthracite  coal  belonged  to  the  ^'grey- 
wacke"  or  "  transition,"  as  taught  in  Conybeare  and  Phillips's  geology 
io  1822,  and  imitated  elsewhere,^  was  the  influencing  cause  of  the 
erroneous  views  as  to  the  position  of  t4ie  eastern  coal-beds  of  Pennsyl- 
vania, as  seen  in  the  papers  of  James  Pierce  and  William  Mesule,^  and 
others  following  up  the  discussion.  In  Tennessee  the  Mountain  lime- 
stone was  rightly  classified,  because  there  the  limestone  was  actually 
next  below  the  Coal  Measures. 

A  remarkable  example  of  error  arising  from  this  firm  belief  in  the 
identity  in  the  order  of  lithological  deposits  for  America  and  England 
is  seen  in  the  paper  of  Prof.  C.  Dewey,*  who  in  lvS38  interpruted  the  red 
rocks  about  Kechester  (Medina)  as  Old  Ked,  an<l  the  overlying  lime- 
stones (Niagara)  as  ranking  wtih  the  Mount^iin  limestone  of  Europe. 

In  tiie  Mississippian  province  the  identification  of  the  rocks  from  the 
Coal  Measnres  downwanl  Wiis  correctly  made,  not  because  of  accurate 
knowledge  of  the  fossils,  but  because  the  three  grand  divisions  of  the 
typical  English  Carboniferous  system  were  there  present  in  the  same 
order:  first,  a  series  of  limestones,  then  conglomerate  or  sandstone, 
then  Coal  Measures. 

Tlins  it  came  about  that  the  true  classification  of  the  Carboniferous 
was  through  the  western  or  Mississippi  Valley  formations,  and  not 
through  the  typical  Appalachian  sections  in  Pennsylvania  and  south- 
ward, and  their  subdivision  was  made  independently  of  the  European 
usage.  The  base  was  detennined  by  the  fossils  of  species  allied  to 
the  species  of  the  Carboniferous  limestone  of  England. 

In  the  Appalachian  province  the  limit  was  determined  by  the  top  of 
the  marine  Devonian  rocks.  But  in  the  case  of  the  upper  limit,  while 
the  general  custom  in  America  has  l>een  to  regard  the  Coal  Measnres  as 

•Ohio  Gool.  Survey,  2d  Ann.  lUi\y..  by  W.  W.  Mathor,  183S. 
^Geological  Nomenclature,  by  Amos  Eaton,  18128. 
•Soo  Am.  Jour.  Sci.,  iMt  tMtr..  1837,  vol.  12,  pp-GS.lO, 
id  JO.  Jour.  Scl.,  vol  33,  p.  I2i, 
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the  top  of  the  Oarboaiflaroiis  system  and  to  traaft  the  appearaiioe  of  Uie, 
Permian  type  of  fossils  as  indicating  a  new  system,  thcro  has  been  no 
recognized  standard  for  the  settlement  of  the  question. 

In  the  same  way  at  the  base,  where  the  last  Devonian  Ibssils  are 
separated  from  the  Goal  Measures  by  deposits  lacking  marine  flosailSi 
the  determination  of  the  line  of  division  between  Devonian  and  Oar- 
boniferous  has  occasioned  considerable  dispute,  which  would  oertainly 
have  been  less  had  there  been  a  recognized  standard  seetion  of  the  Oar- 
bouiferous  system  outside  America  which  might  be  referred  to  as  a 
standard  in  all  cases  of  difference  of  opinion  about  our  own  rocks. 

In  order  that  we  may  have  such  a  standard,  I  shall  describe  more  in 
detail  the  Carboniferous  system  as  first  defined  for  English  fpedlogists.^ 

The  English  author  who  first  appreciated  the  importance  of  group- 
ing certain  rock  formations  with  the  Coal  Measures  to  form  what  now 
is  called  a  system,  was  W.  D.  Gonybeare.*  The  German  geologist^ 
Werner,  and  the  school  of  geologists  that  followed  him,  had  called  the 
Goal  Measures  the  <^ Indei>endent  Goal  Formation"  or  <^ Stein  Koh- 
lengobirge."  Gonybeare  subdivided  the  <*  Transition  and  Secondary 
formations''  of  Werner  into  orders,  and  his  medial. order  was  called  the 
^^  Medial  or  Garboniferous  order."  Here  were  indudeil  <^  the  rock  forma- 
tions, which  onghtto  be  considered  together  with  the  Goal  Measures." 
In  his  classification  these  formations  were,  ^*  I.  The  Goal  Measures.  II. 
The  Millstone  grit  and  shale.  III.  The  Garboniferous  or  Mountain  lime- 
stone. IV.  The  Old  Red  sandstone."^  His  <* Supermedial  order"  in- 
cluded all  the  rocks  from  the  Goal  Measures  to  the  Tertiary,  substan- 
tially what  we  now  call  Mesozoic.  Uis  Snbmedial  order  was  the  ^^  Gruu- 
wacke"  of  Werner. 

Gonybeare  prominently  notices  that  the  formations  of  the  "  Medial 
or  Garboniferous  order  "  are  the  rocks  which  form  the  ^'  Pennine  chain" 
(8i>el]od  by  him  Penine)  of  mountains  in  northern  England.  He 
carefully  defines  the  position  and  structure  of  the  range,  and  pro- 
poses the  retention  of  the  name  *'  Pennine,"  which  was  first  applied  to 
them  by  the  early  Roman  colonists  of  the  island.^  Other  exhibitions 
of  Carboniferous  rocks  are  mentioned  by  him,  but  here  alone  he  found 
the  whole  series  represented,  and  the  rocks  of  the  Pennine  range  were 
the  typical  rocks  of  the  system  which  Gonybeare  defined. 

In  Hughes's  *' Geography  of  British  History"  (London,  18G3),  we 
find  the  ^*  Pennine  range"  defined  as  '<  applied  by  general  consent  to 
the  extensive  range  of  high  ground  stretching  south  from  the  Gheviot 
Hills  to  the  district  of  the  Peak  in  Derbyshire,  about  170  miles  in 
length,  "  stretching  from  the  border  of  Scotland  southward  to  the  val- 


'A  portion  of  this  ohaptor  has  been  read  before  the  Intliana|>oliM  lueetinf;  of  the  Amerioui  G«(dof;i* 
oal  Society,  and  an  abstract  appears  in  its  btiUotin,  vol.  ii,  pp.  16-10. 
'Conybeare  and  Thillips,  Outlines  of  the  Geolofsy  of  England  and  Wales.    Luncon,  lK22,p.  9Zk 
'Op.  cit.,  p.  325. 
'iSoe  Outlines  of  the  Geology  of  England  and  Wales,  pp.  365,  366). 
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ley  of  the  TroDt"  ^  It  is  coniposed  ^^  eutirely  of  itxiks  belouginp:  to  the 
CarbouiferouB  series.'" 

H.  B,  Woodwttwl,  in  "Geology  of  Euglaiid  and  Wales"  (1887),  de- 
scribes this  range  as  *'  a  faulted  anticlinal  of  Lower  Carboniferoas  itxsks 
su|>|K>rting  on  the  east  the  coal  iields  of  Northumberland,  Yorkshire, 
Aiid  Derbyshire,  and  on  the  west  the  Lancashire  and  Cheshire  coal 
fields.''' 

As  was  pointed  out  by  Gonybeare,  the  rocks  of  this  range  not  only 
contain  the  typiciU  rock  formations  to  which  he  applied  tliename  "  Qar- 
boniferous  order,"  but  each  of  the  members  of  that  system. 

De  la  Beche  (183L-I833)  followed  the  classification  of  Oonybeare,  but 
dropi)edthe  term  "Medial"  as  a  synonym.  John  Phillips  (1837)  adopted 
the  name  "  Garboniferous "  with  "system"  instead  of  "order"  in  the 
same  sense  as  proposed  by  Gonybeare.  And  Murchlson,  in  the  Silurian 
system  (1830),  made  chissic  the  names  "Silurian  system,"  <<01d  lied 
system,"  " Oarbouiferous  system,"  "New  Bed  system,"  and  "Oolitic 
system." 

After  them,  geologists  in  general  adopted  the  name  Garboniferous 
system  for  one  of  the  great  groups  of  rocks  composing  the  grand  geolog- 
ical column. 

All  of  these  early  English  authors  were  in  unison  in  distinctly  exclud- 
ing the  rocks  afterward  (in  1841)  called  "Permian"  by  Murchlson,  and 
at  that  time  going  unaer  the  names  "  New  Bed  sandstone  "  and  "  Mag- 
uesian  limestone,"  "  Suliferous  system  "  and  "  New  lied  system."  Gony- 
beare, De  la  Beche,  and  John  Phillips  agreed  in  including  the  "  Upper 
Old  Bed  sandstone"  in  the  Garboniferous  system,  while  Murchison,  after 
them  (in  1839),  separated  from  the  Garboniferous  the  lower  member  iis 
a  distinct  system.  On  page  101)  of  his  Silurian  system  he  says  that 
he  "  applied  the  name  '  Okl  Bed  system '  to  the  Old  Bed  sandstone 
of  previous  writers  in  order  t^  convey  a  just  conception  of  their 
im(K)rtance  in  the  natural  succession  of  rocks,  and  also  to  show  that 
as  the  Garboniferous  system  in  which  previous  writers  have  merged 
it  •  •  •  is  surmounted  by  one  red  group,  so  is  it  underlaid  by 
another." 

Thus,  all  four  of  these  early  authorities  in  English  geology  agree  in 
their  definition  of  the  original  Garboniferous  system,  which  is  that  of 
the  series  of  rocks  typically  represented  in  the  rennine  range  of  England^ 
and  not  fully  represented  i;t  any  other  one  section  of  Unyland. 

When  we  seek  to  determine  the  precise  definition  of  the  Garboniferous 
system,  we  are  led  directly  to  this  typical  section  in  the  Pennine  range, 
first  clearly  defined  by  Gonybeare,  and  afterwanl  swlopted  as  the  tyi>ical 
section  by  the  founders  of  geological  science  in  England,  and  afterward 
by  correlation  recognized  as  the  standard  section  of  the  Garboniferous 
S3'Btem  throughout  the  world.    The  section  of  this  typical  Pennine  Gar- 

» 0i». dt, p.  20.  « Op. clt., p.  22.  » Op. ill., p.  149. 
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boniferous  system  consists  of,  first,  tbe  upper  part  of  the  Old  Bed  Band- 
stone  resting  upon  lower  beds  of  Old  lied  sandstone,  unconformably 
about  the  Cheviot  Uills,  or  upon  the  Oheviot  Volcanic  series,  or  upon 
Silurian  rocks,  as  in  Northumberland.  The  second  formation,  rest- 
ing conformably  upon  the  first,  is  the  Mountain  or  Carboniferous  lime- 
stone. The  third  member  of  the  series  is  the  Millstone  grit  and  shales. 
The  fourth,  the  Coal  Measures,  including  the  familiar  coal  fields  of 
Lancashire  and  Cheshire,  of  Yorkshire,  Northumberland,  and  Derby- 
shire ;  these  latter  are  terminated  where  contacts  are  seen  by  the  '^  New 
Bed,"  in  some  places  apparently  conformably,  but  generally  uncon- 
formably. The  system  in  this  Pennine  range  was  evidently  terminated 
both  below  and  above  by  geologic  disturbance  of  greater  or  less  extent, 
furnishing  natural  deliminationSi  thus  peculiarly  fitting  it  for  a  stand- 
ard of  geologic  definition. 

An  analysis  of  the  standard  systems  in  geologic  classification  shows  us 
that  a  system  is  a  series  of  rock  formations  whose  stratigraphio  order 
and  lithologic  composition  are  thoroughly  well  expressed  in  some  defin- 
able geograpic  region,  and  whose  fossils  indicate  a  continuous  biologic 
sequence,  more  or  less  distinctly  broken  at  its  lower  and  upper  limits 
from  contiguous  formations.  Thus  a  typical  section  has  definite  geo- 
graphic position,  geologic  delimitation,  and  biologic  definition.  The 
Silurian  system  in  Wales  and  western  England,  the  Devonian  system 
of  south  and  north  Devonshire,  the  Jurassic  system  of  the  Jura  Moan- 
tains,  are  examples,  and  no  less  perfect  is  the  Pennine  Carboniferous 
system  of  the  Pennine  range  of  north  England  to  which  the  unsatisfae^ 
tory  name  of  Carboniferous  has  been  so  long  applied. 

While  so  much  is  true  of  the  standard  or  typical  expression  of  a  geo- 
logic system,  it  can  not  be  expected  that  any  system  will  offer  precisely 
the  same  features  in  other  regions  of  the  world  or  on  other  continents. 
We  conclude,  therefore,  that:  (1)  Because  the  composition,  the  size  of  par- 
ticles, and  the  order  and  thickness  of  deposits  are  all  determined  by 
conditions  that  are  geographically  dissimilar,  therefore  a  geologic  sys- 
tem can  have  but  one  typical  geographic  position;  (2)  because  the  geo- 
logic events,  such  as  elevation  of  land,  breaking  of  strata  recorde<l  in 
faults,  and  volcanic  eruptions,  do  not  take  place  either  uniformly  or 
simultaneously  in  different  parts  of  the  earth,  it  is  certain  that  intervals 
or  breaks  in  sedimentary  formations  will  not  be  uniform  for  separate 
regions }  and  (3)  because  organisms  in  the  past  can  not  be  regarded  as 
having  ceased  to  carry  on  the  ordinary  functions  of  life  and  reproduc- 
tion, all  the  breaks  in  the  sequence  of  organisms,  all  the  sharp  lines  dis- 
tinguishing the  faunas  or  floras  of  one  formation  from  those  of  a  pre- 
ceding or  following  formation,  are  local  and  not  universal. 

To  apply  these  reflections  to  the  present  case,  it  will  be  seen  that  the 
settlement  of  the  question  as  to  which  is  the  typical  section  upon  which 
the  Carboniferous  system  was  founded,  will  greatly  facilitate  all  attempts 
to  determine  the  limits  of  the  system  in  other  regions,    It  is  evident 
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that  the  typical  section  is  the  section  exhibited  in  the  Pennine  range, 
and  as  the  name  Carboniferons  is  a  misnomer  geologically  (for  we  now 
know  that  carbon  or  coal-bearing  rocks  are  not  confined  to  the  system 
generally  so  called),  and  as  the  name  does  not  indicate  the  geographic 
position  of  the  typical  section,  it  is  believed  that  the  adoption  of  the 
name  **  Pennine  system  ^  may  be  of  advantage  to  the  science,  for  this 
particular  type  of  the  Carboniferous  system. 

This  Pennine  Carboniferous  system  may  be  defined  as  to  its  geographic 
positioHj  as  the  rock  formations  of  the  Pennine  range  of  northern  Eng- 
land and  equivalent  formations  in  other  parts  of  the  world.  In  geologic 
delimit4Uion  the  Pennine  system  begins  with  a  red  sandstone  and  ter- 
minates with  the  upper  rocks  of  the  Coal  Measures.  In  biologic  defini- 
tion its  first  marine  fauna  is  that  of  the  Mountain  liniestouo ;  its  fiual 
fauna  and  flora  are  those  of  the  Coal  Measures.  The  brackish  fauna  of 
the  Old  lied  sandstone  had  not  cease<l  at  it«  oi)ening ;  the  characteris- 
tic Permian  fauna  or  flora  hiui  not  appeared  at  its  close. 

Whatever  may  prove  to  bo  tlio  correlation  between  the  Old  Bed 
sandstone  and  the  Devonian  systems,  the  definition  of  the  Pennine  sys- 
tem is  explicit  in  including  fishes,  such  as  Uoloptychim^  cbanicteristic 
of  the  Old  lied  system  of  Murdiison,  and  is  as  explicit  in  the  exclusion 
of  the  Devonian  marine  fauna  above  which  its  earliest  marine  fauna 
belongs.  The  rocks  and  faunas  of  that  which  was  later  called  the  Per- 
mian system,  are  definitely  excluded  by  the  original  author  from  the 
Pennine  Carboniferous  system.  The  problems  of  the  Devouiain  Old 
lU5d  system  and  of  the  Permian  system  must  be  discussed  on  their  own 
merits.  This  original  section  of  the  Carboniferous  has  its  relations  to 
each  clearly  defined. 

In  correlating  our  American  rocks  the  recognition  of  the  Pennine 
Carboniferous  system  \\&  typical,  settles  for  us  several  disputed  ques- 
tions. For  the  Paleozoic  i-ocks  along  the  Appalachian  and  eastern 
border  region  the  limits  between  Devonian  and  Pennine  Carboniferous 
are  in  the  following  positions  :  The  Chemung  marine  fauna  is  strictly 
Devonian ;  the  brackish  water  iish  fauna  of  the  Catskill  is  as  strictly 
Pennine.  Hence  the  red  rocks  of  the  Catskill  formation  of  New  York, 
the  Ponent,  Umbral,and  Vespertine  formations  of  Pennsylvania,  belong 
to  the  Pennine  Carboniferous. 

When,  as  in  western  Pennsylvania  and  Ohio,  the  S[>ecies  of  the  Car- 
boniferous or  Mountain  limestone  fauna  of  England  appear  to  follow 
the  marine  Chemung,  the  line  should  be  drawn  between  them  for  a  strict 
correlation. 

On  passing  westwanl  the  formations  calle<l  Waverly,  Marshall,  Kin- 
derhook,  Chouteau,  containing  as  they  do  a  fauna  distinctly  related  to 
the  Carboniferous  limestone  fauna,  must  be  placed  in  the  Pennine  Car- 
boniferous S3'stem. 

in  Kanssis  and  Nebraska,  and  other  localitieMS  whore  the  upper  Coal 
Measures  gradually  assume  species  of  the  lyi)es  de^m\)ViO^  Vto\\\  ^^i\^ 
BuU.  8a G 
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Bnsaian  Permian,  fhe  problem  of  oorrelation  is  deflnfta.  Botk  fhe 
Btratiicrapby  and  tiie  biologieal  evidenoe  iDdioate  tliat  libera  ia  no  abaip 
divisioii  between  tbe  lepreeentatiye  of  tbe  Pennine  Oaiboniteooa  ^ya- 
tern  and  tbat  of  tbe  Pennian  ayatem.  Tbe  diviaion  line  bare  moat  be 
arbitrarily  drawn,  and  tbe  Ibct  tbat  a  lyatem  is  a  loeal  aeriea  of  fonna- 
tions,  and  not  a  nniversal  anbdivision  of  tbe  geologio  time  aoale^  be- 
comes eTident.  It  ia  in  ancb  eases  tbat  tbe  paramount  importanoe  of 
fbe  determination  of  tbe  geograpbio  position  of  the  ^ypioal  z^^rasenta- 
tive  of  a  system  is  seen,  and  tbe  only  way  to  make  this  ^iparont  to  all 
is  by  all  tbe  association  of  tbe  geograpbio  name  witb  the  ayatem. 


OHAPTBB   IV. 

THE  COAL  MEASURES  OR  PENNSYLVANIA  SERIES.  THE  DEVEL- 
OPMENT OP  ITS  NOMENCLATURE  AND  CLASSIFICATION  IN  THE 
APPALACHIAN   PROVINCE. 

Theclassification  of  the  rocks  of  middle  PennBylvania  iu  1836  furnished 
the  basis  for  the  system  of  numbers  which  have  played  so  conspicuous 
a  part  in  Pennsylvania  geology  ever  since.  The  State  geologist  was 
Henry  D.  Bogers,  and  his  assistants  were  D.C.  Booth  and  J.  F.  Frazer, 
with  B.  E.  Bogers  as  chemist.    The  classification  was  as  follows : 

XII.  Coal  Measures. 
XI.  Ked  shale. 

X.  White  sandstone,  Jof  the  second  mouutain, 
IX.  Red  sandstone,      ) 
YTII.  Olive  shales,  etc. 
YII.  Cherry  sandstone. 
VI.  Limestone. 

V.  Ked  shale  and  Fossil  ore. 
IV.  Gray  sttu.Utone,     )  ^^  ^^^^  ^^^^^  ,„ouiitaln. 
III.  Whit«  sandstone,  ) 

II.  Slate,  }  yf  ^^^  Lebanon  Valley. 

I.  Limestone,  > 

The  State  geologist  lu'lieved  that  this  series  of  formations  in  tlie  order 
given  could  bo  recognized  *'  under  slight  variations  of  color,  size,  and 
mineral  ingredients,  across  the  Old  Dominion  and  into  Tennessee  and 
Alabama.''^ 

This  constituted  the  "series  of  Appalachian  formations,^  which  Prof. 
Rogers  "for  the  first  time  systematically  classified  and  described  in  the 
years  183(>,  1837,  and  1838.^ 

The  geological  survey  of  Pennsylvania  was  begun  in  183(5  and  sev- 
eral annual  reports  were  published,  but  the  final  report  was  not  pub- 
lished till  1858.3 

'  Second  Geol.  Sorvey  of  PennHylviuiin,  187-l-*75-76.  Historical  sketch  of  f^eolo^icai  oxploratiuiis  in 
I^ennsylvauia  And  other  States,    lly  J.  P.  Lcsloy,  1870,  pp.  51, 55. 

'Second  Auunal  Report  ou  the  GiM)lo^ical  Kxploration  of  the  State  of  reuDsylvauia.  By  Uonry  D. 
Hogers,  State  Geologist.    Harrishiir;:.  law.  pp.  82, 83. 

'The  Geology  of  I'eniisylvania,  a  Gowriiuieut  survey,  with  a  general  view  of  the  geology  of  the 
Tjnite<l  States;  essays  on  the  coal  fontiation  ami  its  foHHiU  and  a  ilescription  of  the  coal  (ielils of  North 
America  and  Great  Britain.  By  Ueury  Darwiu  Kogers,  State  Gwlogtst.  4to,  2  vuls.,  Edinburgh, 
t«oodoo,  and  Philadelphia,  1858. 


84  THE  DEVONIAN  AND  CAKB0NIFEB0U8.       IMIU.M. 

Prof.  Rogers^s  s^'stem  of  classilicatioii  aud  uomenclatoie  is  exhibited 
In  the  followiog  syuopsis:^ 

A  SYN01>SI8    OF    THE  APPALACHIAN    PALKOZOIC  STRATA   OF    PBNNSTLVAHIA  IN  TUB 

ASCKNOING  OUDEB. 

Primal  crystalline  schists  {or  Azoic  group). 

Primal  scries : 

Feet. 

Primal  CoDglomorate  in  Virginia  aud  Tennessee 150 

Primal  older  slate  in  Virginia 1,200 

I'rimal  White  sandstone,  Potsdam  sandstone  of  Now  York f  300 

Primal  upper  slate .....•.•.        f700 

Auroral  series  (blue  limestone  of  the  Western  States) : 

Auroral  Calcareous  saudntoue,  Calciferous  sandstone  of  New  York......  60 

Auroral  Magnesian  limestoue,  the  Chazy  and  Black  Kiver  limestoDeB  in  .. 

part 2,000-^,000 

Matiual  series : 

Matinal  ari:il1acoons  limestone,  Trenton  limestone  of  New  York 900-000 

Matiual  Black  slate,  Utiea  slate  of  New  York ;MKMOO 

Matinal  shales,  Hudson  Kiver  slat« w f  1,200 

Levant  series : 

Levant  gray  saudstune,  Oneida  Conglomerate  of  New  York 200-400 

Levant  Ked  sandstone,  division  I,  <»r  lowest  memher  of  Medina  saudstone 

of  New  York 500-700 

Levant  White  sandstone,  apparently  divisions  II,  III,  IV,  Medina  sand- 
stone of  New  York 400 

Snrgeut  series : 

Surgent  lower  slate,  ?  eiiuivalent  of  lower  green  shale  of  Clinton  groop 

of  New  York 200 

Surgeut  iron  samhitoiie 80 

Surgoiit  upiK*r  shite 200 

Surgent  lower  ore  shales,  ?  in  horizon  uf  upper  green  shales,  Cliutou 

group 760 

Surgeut  ore  sandstMno 10-30 

Surgfut  upper  ore  shalt'M,  ?  in  horizon  of  upper  giren  shales,  etc 300 

Surgeut  red  marl,  Clinton  group 350 

&:::!:;;!  ::S-T.r^Hi "':".':  I  ■  o-"'^='«»  -» «--.  of  New  Y«rk {  ^ 

Si'aUnt  liuifstone,  Water-linit?  gi-oup  ofNew  Yvuk *»50 

Pre-MtTidian  series: 

Prv-Moridian  limestone.  Lower  lli'ldt-rherg  limestone  of  New  York 50-100 

Meridian  8«*rifH : 

Meridian  slate 170 

Meridian  8;ind«tone,  Oriskauy  sandstone  of  Nrw  York 100 

Post-Meridian  st* rics : 

l^ost-Meridian  gritsi,  Cauda-Galli  and  Schohario  grits  of  New  York  (New 

Jersey) 300 

Post-Meridian  limestone.  Upper  Ilel^lerberg  or  (^(Tuifcrous  limestone  of 
New  York,  and  part  of  Clitf  limestone  of  Western  States 80 

Cadcnt  series: 

Cadent  lower  black  slate,  Marcellus  shale  of  New  York 250 

Caileut  shales,  Hamilton  group  of  Now  York 600 

Cadent  ujiper  black  slate,  Genesee  shale  of  Xow  York 300 
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Vargent  ■eries: 

Yergant  FIftgfi,  Portage  flogs  of  Now  York 1,700 

Veigent  shales,  Chemung  groop  of  New  York 3,200 

Pottent  series : 

Ponent  Bed  sandstone,  Catskill  gronp  of  New  York r>,000 

Vespertine  series: 

Vespertine  Conglomerate  and  sandstone 2|0G0 

Umbral  series,  or  Carbon iforonR  hIiaIob  and  limestono : 

Umbral  Bed  shales  andlimentone 3,000 

Soral  series,  or  Coal  strata : 

Serai  Conglomerate,  or  lowest  division  of  Coal  MeasuniH 1,100 

Lower  Prodnctive  Coal  McaHuros. 
Lower  Barren  Coal  Shales.  » 

Upper  Prodnctive  Coal  MisiRures. 
Upper  Barren  Coal  HIialcH. 

The  nambers  corros[)oiuliiig  to  tho  names  here  pro])ose(l  are  as  fol- 
h>w8 : 

XII.  Serai.  VI.  Pre-Meridian. 
XI.  Umbral.  y     \  Kcalvnt. 

X.  Ve8|M»rtino.  '   )  Surjrent. 

IX.  Poiient.  ^V.  levant. 

viTT     5  Vergent.  1^"-  Matiiial. 

^'"-    JCadont.  II.  Auronil. 
VII.  Meridian.  I.  Primal. 

In  1850  n.  D.  Rogers^  disciiascHl  tho  coal  formations  of  the  United 
States,  considered  from  the  following  points  of  view: 

First  The  source,  stratigraphical  relations,  and  conditions  of  depo- 
sition. The  land-derived  deposits,  attaining  a  n^aximum  thickness  of 
1,4<)0  feet  in  the  southeast,  thin  out  westward  to  less  than  I(K)  feet,  and 
the  Goal  Measnres  ^nulually  thicken  toward  the  northwest-.  The  im- 
mense range  and  horizontiil  extension  of  the  conglomerates  and  coal 
Reams  prove  that  it  could  not  have  been  deposite<l  by  any  local  estuary 
or  deltul  actions,  but  alon^  a  broiid,  shallow  sea  shore,  which  was  dis- 
turbed by  violent  interior  fontes,  producing  enormous  undulations. 

Second.  The  author  discussed  the  structural  conditions  and  iK)sition 
of  the  anthracite  basins,  and  found  thom  arran(<:od  in  two  systems  of 
flexures,  the  lar^^r  series  with  an  am])]itude  of  many  miles  and  a  length 
of  100  miles,  with  avera^ije  dire(*/ti()n  of  about  N.  75^  E.,  the  smaller 
series  trending  N.  TO'^  E. 

Third.  He  treato^l  of  the  metamorpliiam  of  tlie  anthracite  coalbear- 
ing  strata,  showing  it  to  be  more  complete  in  the  east,  the  products  of 
the  western  region  being  bituminous  and  those  of  the  east  anthracitie^ 

Fourth.  Erosion  is  considered. 

Finally,  a  summary  of  the  statistics  of  the  coal  fields  is  presented, 
in  which  the  author  states  that  the  productive  area  of  the  anthracite 
fields  of  Pennsylvania  does  not  exceed  200  square  miles,  with  an  aggre- 
gate thickness  of  100  feet. 

'  On  the  ooal  fornifttioD  of  tlio  (TnitMl  StatoH.  hihI  cHpeeially  ah  df«virlop<y\  \iv  roikT\f^>;\\ftx\Vab.   "I^tq^ 
▲■L  Assoc,  voL  4, 18W,  pp.  65-70, 
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The  same  aathor^  determined  fihe  age  of  certain  footprinte  ftom  tbe 
red  shale  near  Monot  Carbon. 

Ancient  footprints  discovered  by  Mr.  Isaac  Lea  in  the  ^Bed  ERiale* 
at  Mount  Carbon,  in  Pennsylvania,  and  assigned  by  him  to  die  Devo- 
nian period,  were  considered  by  the  author  to  belong  in  reality  to  the 
<<  Beds  "  of  the  Carboniferons,  a  few  hundred  feet  below  the  prodoctive 
coal  series.  They  are  accompanied  by  a  series  of  similar  foo^irints  at- 
tributed to  batrachian  reptiles,  trails,  prints  of  some  unknown  fonr- 
toed  animal  apparently  reptilian,  and  trails  analogous  to  those  of 
worms  and  moUusca.  The  larger  footprints  are  mainly  five-toed,  alter- 
nate in  the  steps,  and  nearly  equal  in  size. 

In  1856  Mr.  J.  P.  Lesley  reported  on  tbe  Broad  Top  coal  basin.* 

The  Broad  Top  coal  basin,  situated  between  Huntingdon  and  Bed- 
ford Springs,  was  imperfectly  reported  upon  in  1838  by  Mr.  McKinley, 
the  substance  of  the  report  appearing  in  the  annual  reports  ef  theCk^o- 
logical  Survey. 

In  1855  the  author  made  a  more  complete  survey  of  this  region,  cov- 
ering about  80  square  miles,  established  the  levels  of  over  nine  thoa- 
saml  points,  and  reached  the  following  conclusions :  (1)  That  the  sac- 
cession  of  the  measures  is  not  different  from  the  system  made  oat  in 
western  Pennsylvania  and  eastern  Ohio.  (2)  That- tbe  structural  re- 
sults lead  to  the  conclusion  that  the  abruptness  of  the  anticlinals  coald 
be  produced  only  by  side  pressure.  (3)  That  the  Precarboniferoas 
Coal  Measures  are  represented  in  this  region  by  beds  of  black  slate 
containing  little  coal,  the  Snbcarboniferous  limestone  being  present  in 
small  amounts. 

J.  P.  Lesley,^  remarking  on  the  Subconglomeratic  Coal  Measures  of 
northwestern  Virginia,  thinks  those  beds  represent  early  Carbonifer- 
ous formations,  such  as  are  seen  in  Ireland,  Scotland,  and  possibly  in 
Melville  Island.  Similar  beds  occur  in  southern  Virginia,  in  south- 
Ciistern  Kentucky,  and  in  Nova  Scotia.  The  lowest  Devono-Carbonif- 
erous  slate  represents  a  still  earlier  period,  and  may  be  correlated  with 
the  German  Devonian  Coal  Measures. 

Mr.  J.  M.  Hale^  (18G4)  reported  at  the  junction  of  the  Beaver  Dam 
and  eastern  branches  of  Clearfield  Creek,  a  boring  of  548  feet  At  the 
depth  of  199  feet  a  vein  of  coal  4  feet  4  inches  in  thickness  was  reached. 
This  is  probably  in  the  author's  view  the  same  vein  as  at  Osceola  or 
Phillipsburg. 

Mr.  B.  S.  Lyman,^  in  1867,  commenting  on  the  Great  Carboniferous 


*  Ro;{crft,  H.  D. :  On  the  position  and  cbftractor  of  the  reptilian  footprinta  io  tho  Carboniferout  Red 
Shalo  formation  of  eaaieru  Peunsylvania.    Troc.  Am.  Aaaoc.,  vol.  4,  1H50,  pp.  250-261. 

*  Lesley,  J.  P. :  On  the  Broad  Top  coal  baain  in  central  Penusylrauia.    Am.  Asaoc.,  toI.  10,  ptt, 
1856,  pp.  78-81,  map. 

*LeaIoy,  J.  P.:  On  tho  SuboonKlomnratic  or  false  Coal  Mcasnrea  of  West  Virginia  and  PennsylTUia. 
Am.  Phil.  Soc.,  Proc,  vol.  7,  1860,  p.  294. 

*  Hale,  John  M. :  Record  of  an  old  salt  boring  in  Clearfield  County,  Pennsylvania.    Ahl  Phfl.  Soe.| 
I*n>c.,  vol  0,  1865,  pp.  i59  460. 

*A  bs tract  on  tbe  Great  Car bonifotoai  conglomerate  in  SuX\i\«ik  Oouixtj ,  ^  «nxA^y«iii*.    PUL  Acid. 
Bol,  Froo,,  ToL  19,  1807,  pp.  12^187. 
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oonglomerate,  stated  that  it  was  the  general  opinion  that  the  Great 
Gonglomerate  (No.  xii)  at  the  bottom  of  the  Goal  Measures  thins  out 
nypidly  fronia  thickness  of  1,200  feet  at  Maach  Ghnnk  to  less  than  100 
feet  in  Wyoming  Valley.  But  he  found  in  Sullivan  Gounty  a  thickness 
of  400  feet,  consisting  of  two  main  layers  of  pebbly  rook  separated  by 
strata  of  light  brown  and  greenish  sandstones  resembling  those  of  the 
productive  Goal  Measures.  The  lower  bed  is  well  exposed  at  Shiner- 
ville,  where  it  dips  15^  S.,  and  again  on  the  south  side  of  Loyal  Sock. 
Farther  south  are  the  red,  iron-stained  shales  (No.  xi)  north  oif  Painter 
Den  Run,  and  still  farther  south  the  sandstone  (lower  l)ed)  outcropssouth 
of  Bear  Swamp  Run.  The  sand  rock  also  occurs  at  Long  Point,  where 
it  has  a  thickness  of  190  feet.  Close  examination  of  the  sand  rocks  at 
this  point  led  to  the  conclusion  that  they  are  the  same  as  at  Shinerville 
and  Birch  Greek,  1  mile  distant. 

Mr.  J.  S.  Newberry,^  in  1871,  gave  an  account  of  some  sections  of  the 
lower  Goal  Measures  in  Holnies,  Tuscarawas,  Jefferson,  and  Golnmbiana 
Counties,  which  in  some  cases  extend  down  to  the  Waverly,  and  show 
alternations  of  shale,  sandstones,  and  limestones,  with  beds  of  coal. 
The  sections  average  from  300  to  400  feet  in  depth,  the  coal  seams  indi- 
vidually rarely  more  than  4  feet.  The  coal  beds  are  numbered  accord- 
iug  to  altitude,  from  1  to  7,  No.  1  being  the  lowest,  and  are  described 
in  detail.  Coal,  No.  6,  in  Holmes  County,  is  overlaid  by  a  black  bitu- 
minous shale,  rich  in  marine  fossils,  ChoneteH  mesolaba^  etc.  At  the 
mouth  of  the  Yellow  Greek,  Jefferson  County,  the  "Big  Vein  "  of  coal 
is  underlaid  by  4  inches  of  cannel,  full  of  the  remains  of  fishes  and 
amphibians ;  the  fishes,  spocit^s  of  Calacanthm  and  Eurylepin^  Pakeo- 
niscus  m\d  RhizoduH ;  the  amphibians  were  aquatic  carnivorous  sala- 
manders. 

William  M.  Fontaine,'  in  1374,  stated  that  the  Great  Conglomerate  on 
New  lliver  consists  of  a  great  formation  of  sandstones  containing  im- 
\>ortant  beds  of  coal,  un<lerneatli  a  massive  white  sandstone,  which  itself 
underlies  the  lowest  strata  of  the  Lower  Coal  series.  This  formation 
is  considered  by  William  l^>gers  the  equivalent  of  the  Great  Conglom- 
enite,  here  much  oxi)anded,  while  others  hold  that  it  is  a  great  develop- 
ment of  the  Lower  ( 'oals.  To  the  east  It  is  underlaid  by  the  enormously 
e\])anded  Subcarboniferous  group. 

Fontaine  gave  facts  concerning  the  overlying  and  underlying  for- 
mations of  this  peculiar  series,  beginning  at  the  mouth  of  the  Ka- 
nawha Kiver  where  the  strata  are  of  Upper  Cojil  series,  diminished  in 
thickness.  Under  these  is  found  the  barren  upper  iiortion  of  the  Lower 
Coal  series,  increased  rather  than  diminished  in  thickness,  developing 
both  to  the  south  and  to  the  northeast.    The  strata  under  these  barren 


'  Nuwiierry,  J.  S. :  Sketch  of  th<>  Mtriictiirn  of  the  lower  Coal  MeaHiireH  in  uortheoAtem  Ohio.  Geol. 
Survey  Ohio,  Ktport  Prn;;rfHH  iii  1S70,  ]ir.  1,  pp.  14-53.    CoIiimbiiH.  1H7I. 

*  Fontaine.  Wm.M.:  The  "(?roat  Cunj;Ioiunrato  "  on  New  lUver,  West  Vir^inlA.  Am.  Jour.  Sd., 
8d  ser..  voL  7,  pp.  4Jyd-4Q5, 573-57!). 
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measnres  are  of  great  thickness,  and  the  author  gives  a  section  showing  the 
number  and  thickness  of  thecoal  seams  in  this  Lower  Goal  series.  After 
this  series  comes  the  Conglomerate  series,  introduced  by  a  n^assive^white 
sandstone,  remarkable  for  its  resistance  to  erosion.  The  strata  under- 
neath it,  best  exposed  at  Sewell  Station,  resemble  strongly  the  rocks  of 
the  Lower  Goal  series,  are  argillaceous,  and  contain  considerable  amoant 
of  oxide  of  iron,  but  they  differ  from  the  latter  by  the  almost  entire 
absence  of  shales  in  connection  with  the  coal  beds.  The  coal  seams  are 
inclosed  in  flaggy  sandstones ;  all  the  evidence  goes  to  show  that  they 
were  formed  under  sudden  and  violent  changes.  Measurements  are 
given  of  the  dififerent  seams  showing  a  great  variation  in  thickness. 
Some  Devonian  plants  have  been  found  in  the  roof  of  the  deposits,  of 
which  Alethopteris  serlii  is  the  most  abundant.  Underneath  these  con- 
glomerate sandstones  and  coal  seams  is  another  massive  white  sand- 
stone, evidently  the  base  of  the  formation.  Tlie  next  lower  deposits 
are  heavy  bedded  sandstones  succeeded  by  the  red  shales  of  the  Sub- 
carboniferous  formation. 

This  lowest  coal  series  on  New  Biver  has  the  same  triple  structure 
shown  by  the  Gonglomerate  in  other  portions  of  tlie  country,  a  summit 
and  base  of  conglomeritic  sandstones,  and  a  central  portion  of  more 
argillaceous  rocks  containing  beds  of  coal,  and  the  thickening  of  the 
whole  formation  is  mostly  due  to  the  expansion  of  the  middle  portion 
followed  by  an  increase  in  the  amount  of  coal.  Brief  descriptions  of 
t)ie  Conglomerate  at  other  points  are  given  to  confirm  these  statements. 
The  Conglomerate  is  seen  to  expand  in  two  directions,  to  the  northeast 
into  Pennsylvania,  and  to  the  southwest  in  West  Virginia,  while  it  dimin- 
ishes to  the  northwest.  The  expansion  to  the  southwest  is  followed  in 
each  case  by  the  increased  foruiatiou  of  coal.  The  similar  expansion 
of  the  underlying  rocks,  the  Subcarboniferous  and  the  Catakill,  is  treated 
in  detail.  A  thin  seam  of  coal  is  found  in  the  latter  containing  many 
beautifully  preserved  Devonian  plants,  confirming  the  supposed  Gats- 
kill  age  of  the  strata.  Several  species  of  Lepidodmdrony  Cyclopterisj 
Neuropteris,  and  others  are  fonnd. 

Tbei  great  expansion  of  the  Conglomerate  on  New  River  is  thus  found 
to  be  like  others,  the  effect  of  a  condition  of  things  which  began  in  much 
older  formations  and  continued  until  a  later  era.  The  author  asks  the 
question,  "  Does  not  the  successive  formation  of  coal  on  an  extended 
scale,  along  tho»  southwest  border  of  the  Appalachian  coal  field,  com- 
mencing in  the  Devonian  period,  point  to  the  existence  at  this  time  of  a 
continental  mass  nearer  than  the  Azoic  of  Canada?" 

J.  J.  Stevenson,^  in  1874,  maile  the  following  report  on  the  coals  of  the 
Kanawha  Valley: 

Tlie  UpiMir  Coal  gronp  alon^  tlio  Great  Kanawha  River  has  two  coal  heda  of  work- 
a1»lo  thickiiHSB.     Tlie  lower  one  in  the  PittMlMir^,  nHiially  known  aH  llie  ^*  Raymond 


'  StovADHOD,  John  J.:  Noten  on  tlio  coftlH  of  th«  Kanawlm  Valloy,  Wopt  Virginia.    Now  York  Ly- 
ceum Nat  Iliat,  Annals,  vol.  10, 1874,  jip.  271-277. 
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Mtan,"  The  limestone  overlying  this  coal  In  northern  Ohio  and  Pennsylvania,  as 
well  as  in  the  northern  part  of  West  Virginia,  is  greatly  diminished  in  thickness,  and 
is  represented  in  this  locality  hy  calcareoas  shale  only,  containing  a  few  nodules  of 
limestone. 

The  Barren  gronp  has  ahont  300  feet  of  thickness,  and  contains  no  workable  coals; 
it  varies  but  little  in  thickness  from  Pittsburgh  to  the  Oreat  Kanawha,  running  north 
and  soath. 

The  development  of  the  Lower  Coal  gronp  in  this  valley  is  extraordinary.  In  north- 
em  West  Vi^nia  the  thickness  is  scarcely  200  feet;  in  the  first  geological  district 
of  Ohio  it  is  rarely  more  than  300  feet ;  in  either  case  containing  only  six  or  seven  coal 
beds.  In  this  valley  it  can  be  separated  into  two  portions,  the  upper  of  which  is  no 
less  than  900  feet  thick,  with  fifteen  beds  of  coal,  and  the  other  about  the  same  thick- 
ness with  two  or  three  more  coal  beds.  This  development  continues  southwesterly 
until  its  thickness  becomes  about  2,500  feet  in  Tennessee. 

The  Mahoning  sandstone,  at  the  top  of  the  group,  is  conspicuous  in  the  river  hills 
above  Charleston,  and  holds  a  coal  a1)ont  midway,  as  in  its  northern  extension  in 
Ohio  and  Pennsylvania.  It  reels  upon  a  variable  bed  of  black  fiiut,  5  to  12  feet 
thick.  A  few  feet  below  the  flint,  and  separated  from  it  by  shale  sometimes  arena- 
ceons,  Is  a  coal  partly  canncl  and  partly  bituminous,  from  r>  to  7  feet  tliick.  It  ia 
regarded  as  identical  with  the  Upper  Freeport  of  Pennsylvania,  and  is  known  locally 
as  the  Stockton  seam.  Below  this  is  a  variable  bed,  at  Cannelton  a  cannel  of  insig- 
nificant thickness,  at  Coalbnrg,  it  is  the  **  Great  Splint  Coal,"  in  some  respects  the 
most  important  bed  along  tlio  river,  and  at  the  Kanawha  Salines  the  place  is  occupied 
by  several  tliin  beds  cousiderably  separated.  The  bed  is  from  G  to  11  feet  iu  thick- 
ness. In  the  thin  layer  of  clay  between  the  sandstones  and  coal  are  numerous  im- 
pressions of  Lepidodendron  and  Sigill^ria,  and  there  were  remarkably  line  leaf-scars  of 
Boikrodendron  discovered  in  one  locality.  The  dark  slate  found  in  this  bed  is  rich  in 
bitumen.  Five  hundred  and  fifty  foot  below  the  Stockton  seam,  at  Cannelton,  is  a 
bed  of  bituminous  coal  nearly  7  feet  thick,  known  as  the  **  Gas  Coal,^  and  below  this 
coal  a  limestone  was  observed  by  Mr.  Ridgway  which  he  identified  as  the  ''Ferrifer- 
ous "of  Pennsylvania;  if  he  is  correct,  the  **Qas  Coal"  is  probably  the  '^Kittan- 
ning  "  of  Pennsylvania. 

J.  J.  Stevenson/  in  187i,  presented  a  paper  to  the  Kew  York  Ly- 
ceam  of  Nataral  History  which  embodies  the  results  of  an  examina- 
tion and  comparison  of  the  Oliio  coals  with  those  of  Pennsylvania  and 
West  Virginia.  The  observations  recorded  cover  only  that  portion  of 
the  field  north  of  the  Baltimore  and  Ohio  Railroad  in  West  Virginia 
and  Ohio. 

The  limits  of  the  Upper  coals  are  first  considered,  and  the  conclusion 
reached  that  the  Pittsburg  coal,  the  base  of  the  Upper  Coal  Measnres, 
"  once  reached  as  far  west  as  Sonora,  71  miles  west  from  Whe<5ling, 
and  to  a  i)oint  northward  not  less  tlian  50  milejs  from  that  city,  a  tor- 
tnons  boundary  line  connecting  the  two  i)oints.'' 

Several  sections  from  Ohio,  West  Virginia,  and  Pennsylvania  are 
compared  in  order  to  ascertain  their  relations  to  each  other.  From 
this  comparison  it  is  found  that  only  Coal  VIII,  Villa,  VII lb,  and  Coal 
XI  can  be  seen  in  all  the  sections.  Coal  VIII  is  the  Pittsburg,  Villa 
appears  as  the  Redstone,  Vlllb  as  the  Sewickley,  while  Coal  XI  is  the 
Waynosburg. 

*The  Uppor  Cosl  KeaHuren  west  (>i  tho  All«!f;1iAn3'  Mountains.    Now  York  I<>ic«sv\\n  '^^X.  Vk\iX.« 
AmuO^ToL  10. 1874,  pp.  22C-2.'>2;  pi.  No.  12, 
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A  detailed  description  of  each  bed  in  then  given.  Goal  YIII  is  re- 
garded as  the  **  parent  bed  of  all  the  Upper  coal  in  Ohio,  remaining  in 
existence  as  a  floarishiug  swamp  from  the  beginning  of  the  eiK)ch  until 
its  close.'' 

Tlie  conditions  of  the  Upper  Goal  Measures  daring  deposition  are 
treated  at  length,  and  the  author  is  led  to  the  following  conclusions : 

(1)  Tlio  great  bitnmiiions  trougli  west  of  the  Alleghanies  does  not  owe  its  basin 
HliAi>e  primarily  to  the  Appalachian  Revolution. 

(!>)  The  Coal  Mf^asnres  of  this  basin  were  not  united  to  those  of  Indiana  and  11  li- 
noiH  at  aii3'  time  posterior  to  the  Lower  Coal  Measure  ei>och,  and  probably  were 
alwayH  diHtiuct. 

(:{)  Tlio  Upper  Coal  Measures  originally  extended  as  far  west  as  the  Muskingnm 
River,  in  Ohio. 

(1)  Throughout  the  Upper  Coal  Measure  epoch  the  general  condition  was  one  of 
HuliHidcncc  interrupt^ul  by  longer  or  shorter  intervals  of  repose.  During  subsidence 
the  IMttHhurg  niarsh  crept  up  the  shoro,  and  at  each  o(  the  longer  intervals  of 
repoHO  pushed  out  seaward  upon  the  ailvancing  land,  thus  giving  rise  to  the  snc- 
cuHMJve  cnal-be<ls  of  the  upper  coal  measures. 

(5)  Tbo  Pittsburg  marsh  ha<l  it^  origin  at  the  east. 

I.  C.  Wiiite,*  in  1874,  liefore  the  same  society,  discussed  the  Coal 
Meiusnres  of  western  Virginia  and  Pennsylvania. 

Two  sections  are  given  from  the  region  under  consideration,  one  from 
the  efisteni  and  one  from  the  western  tiank  of  the  "  Dividing  Ridgo," 
an  elevation  between  Morgantown  and  Wheeling,  rising  in  Pennsyl- 
vania and  extending  south  into  West  Virginia.  The  eastern  section  has 
a  thickness  of  800  feet  in  tiie  Upper  Barren  group  and  340  feet  in  the 
Upper  Coal  group ;  total  thickness,  1,140  feet.  The  western  section  has 
a  total  of  822  I'eet,  544  feet  in  the  Barren  group  and  278  of  the  Upper 
Coal.  The  sections  show  the  well  known  fact  that  the  coals  and  sand- 
stones in  this  district  thin  ont  toward  the  west,  while  the  limestones 
thicken  nj).  The  eastern  section  in  Monongalia  County  is  described  in 
detail.  The  ni)per  sandstones  and  shales  are  very  coarse,  showing  that 
that  they  were  deposited  by  pretty  strong  (»urrents. 

The  ditlerent  thicknesses  and  characters  of  the  various  coal  beds  are 
fully  given. 

In  1S75  J.  r.  Lesley,^  State  geologist  of  Pennsylvania,  i)repared  a 
brief  digest  of  the  state  of  classification  and  nomenclature  of  the  rocks 
in  New  York,  Ohio,  and  Pennsylvania  at  that  time.  The  article  might 
be  quoted  entire  were  there  space,  as  no  further  condensation  of  the 
statements  can  be  satisfactorily  made;  but  a  single  scheme  of  equiv- 
alents will  sullice  to  show  the  ideas  of  the  author  as  to  correlations  at 
the  beginning  of  the  second  survey  of  Pennsylvania.  On  page  97  we 
find— 


'  Wliite,  I.  C. :  N(»1*«H  on  (lio  Ujipor  (.'oal  Moasuros  of  \vost»M  u  Vir^iiii;i  !in«l  Poniislyvaiiia.  New  York 
LyriMUii  Nut.  Hist.,  AiiuaU,  vol,  11,  l><74,  jt]).  40  .'7. 

*Srooiid  <iool.  Siirvoy  of  reimsylvanm,  1K74.  Ko]>ort  of  IMokiosh,  I:  Note  on  fhoooniparativo  gcjol- 
o/ij-  of  DorthcMtern  Obio  and  uurthwcMtorn  IVnuHylvania,  uud  western  Now  York,  pp.  57-108. 
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The  following  scheme  will  show  the  did  problem  and  its  leoont  probable  solution : 


In  Ohio. 


In  north wentern 
PennHylvanla. 


Conglomerate... 
Cuyahoga  shale. 
Bereagrit 


Be<lford  shales 


Cleveland  shales  . 

Erie  shales 

Hnron  shales 

Corniferons , 


Second  Mountain 
sandstone 


Oil  sands. 


In  New  York. 


Conglouierat.A 


Old  Red  sandstone 
(flMh). 

Clicuiung 

Portai;6 

Hamilton 

Upper  Helderl>erg 


In  middlA 
PennHylvAiiiA. 


Serai  Cong.,  xii. 
Umbral,  xi. 
VeHpertiue,  x. 

Pouonty  IX. 

Vergont,  viii. 
Vorgont.  VIII. 
Cadont,  viii. 
Post  Medidial,  viii. 


The  author  states  in  a  footnote  that  he  does  not  adopt  ^'  the  general 
term  Waverly  sandstone  formation  of  the  Ohio  lieports  because  of  the 
eontroversicji  to  which  it  has  given  rine.'^  Also,  that  ^<  Erie  shales  " 
should  stand  ()i>|K)site  both  Chemung  and  Portage. 

In  a  letter  to  the  editor  of  the  Journal/  dated  June  26,  1875,  Prof. 
Lesley  speaks  of  Mr.  Ashburnor-s  diacovery  of  what  he  calls  ^'baby 
coal  beds''  in  No.  X,  Upper  or  White  Catskill,  Rogers's  Vespertine,  in 
Huntingdon  County,  Pennsylvania,  and  considers  it  of  great  impor- 
tance to  American  geology,  as  it  explains  the  presence  of  the  two  coal 
beds  on  the  face  of  the  Alleghany  Mountains  and  the  fourteen  small 
coal  beds  counted  by  Prof.  Lesley  years  before,  west  of  the  Peak 
Mountain,  in  Wythe  County,  Virginia. 

E.  B.  Andrews' compares  the  Ohio  and  West  Virginia  coal  fields. 

In  this  comparison  the  author  takes  the  Pittsburg  seam  of  coal  as 
the  base  of  measurement.  This  seam  occupies  the  northern  portion  of 
the  Alleghany- coal  Held,  an<l  extends  through  Pennsylvania,  Ohio,  and 
West  Virginia.  From  its  outcrop  to  the  base  of  the  productive  Coal 
Measures  the  intervals  remain  quite  uniform.  In  Ohio  Dr.  New- 
berry's measurement  is  from  700  to  800  feet  and  Prof.  H.  D.  Rogers's 
from  GOO  to  700  feet.  But  in  the  southern  part  of  West  Virginia  the 
interval  is  much  greater.  Prof.  Fontaine  estimates  3,100  feet  as  the 
total  thickness  from  the  horizon  of  the  Pittsburg  seam  to  the  base  of 
the  productive  Coal  Measures.  This  does  not  include  the  shales  and 
the  adjacent  Lewisburg  limestone,  which  are  probably  local.  Hence 
we  find  about  2,400  fVet  more  of  Coal  Measures  in  Virginia  than  in 
Ohio  and  Pennsylvania,  and  hence  in  West  Virginia  the  series  of  pro- 
ductive Coal  Measures  make  up  a  great  geosynclinal,  which  is  probably 
due  to  continental  folding.  The  various  coal  seams,  separated  by 
small  layers  of  shale,  indicate  that  it  was  subject  to  alternate  depres- 
sion and  elevation.  In  West  Virginia,  above  the  Pittsburg  seam, 
over  1,200  feet  of  Coal  Measures  rook  occur,  showing  several  seams  of 

*  LMley,  J.  P. :  Coal  bedn  in  tho  SnbcailMfiiiforons  ol  Peunsylvania.    Am.  Jour.  Sci.,  3d  sor.,  voL  10, 
lS76,pp.l53,154. 

*  A  comparison  between  tho  Ohio  and  West  Virginia  sides  of  tho  AUeg^Uany  cos\  fLc^i^  'St^ai^  km. 
Amoo.,  TOL  H  pi  2, 1878^  pp.  M-ML 
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coal.  In  the  anthracite  coal  fields  of  Pennsylntnia  there  is  ep  mnoh 
nuccrtainty  as  to  the  tme  equivalent  of  the  Pittsburg  jMam  that  there 
is  little  chance  for  comparison. 

Considerable  difficulty  arises  in  attemptini;  to  determine  the  ezaet 
situation  of  the  Goal  Measures  conglomerate  in  tibe  various  BtateSi  nor 
is  the  Millstone  grit  of  Indiana  and  Illinois  fliynchronized|  w  its  eq^va. 
lent  in  the  Alleghany  field  determined.  In  Arkansas  a  Millstone  grit 
is  reported,  which  Mr.  Lesqnefeux  declares  is  part  of  the  eoal  forma- 
tion. Mr.  Dawson  also  describes  a  similar  Millstone  grit  along  tiie 
Bay  of  Fnndy,  but  its  relation  to  tiiose  of  Oreat  Britain  or  of  the 
United  States  is  not  known. 

£.  B.  AndrewSi^  in  1875,  reported  some  interesting  coal  plants  firom 

Ohio: 

In  Perry  Connty,  Ohio,  a  thin  bitnminoiis  shftle  oeonn  at  tbebaae  of  the  Ohio  Coal 
Measures,  coDtaining  pieces  of  plants  similar  to  branohes  of  Calamites,  fish  soales,  and 
a  small  lAnffula.  Just  above  this  layer  is  a  thin  stratom  of  shale  parrying  leayea  of 
Lepidodcndron,  In  the  higher  shales  are  foand  nnmerons  ferns,  etc.  The  plants  fonnd 
here  were  well  marked  Devonian  types,  with  a  few  more  recent  than  the  Coal  Uaae- 
nres,  while  those  belonging  to  the  Coal  Measnres  are  new  speeles.  A  new  apeeies  of 
Jrokoiopteris  is  one  of  the  Devonian  forms :  AfegalopterU (DtkWton)  is  another  Devon- 
ian genns.  One  species  of  the  genns  was  known  in  New  Brunswick  only,  Mid  deaoribed 
by  Prof.  Plartt  as  Xeuropteri$  dattmmi.  With  these  was  fonnd  a  fern  of  a  new  gennsi 
of  the  order  of  the  Taniopteridice.  The  new  Ohio  genus  the  author  ealla  Orttofoni- 
opteris.  A  new  form  of  AlethopieriB  was  noticed  resembling  the  one  fonnd  Jn  the  eoal 
field  of  Capo  Breton,  but  speoiflcally  different.  Also  a  new  ABieropkjfttitmp  H^mmuh 
phylHteSf  KremopteriSy  and  two  species  of  Lepidodendranf  with  a  few  others.  These  are 
to  be  figured  in  the  Ohio  reports. 

Mr.  Lesley  proposed  a  scheme  of  the  formations*  called  "  Tablo  of 
rock  formations,  arranged  in  the  order  of  the  ix^es  from  above  down- 
wanis,  as  they  are  recognized  in  America  and  acconling  to  the  present 
state  of  our  knowledge."* 

Rccont. 

Glacial. 

Tertiary. 

Crotaooons. 

New  Red. 
The  Coal  MoasurcR,  anthracite  and  bituniinona. 

The  Groat  Conf^loiiiorate,  No.  Xll,  of  Mount  Plsjj^ah,  called  by  Ro^rors,  "Serai." 
Rod  Shale,  No.  XI,  Unibral,  aronnd  Mauch  Chunk. 
White  CafHkill,  No.  X  (Voftportino),  of  the  Socond  Mountain. 
Rod  CatBkill,  No.  IX  (Old  Rod  of  England),  Pocono  Mountain. 
Chemung  slialos  (VIII,  Cadont)  holding  the  oil  rocks. 
Portage  sandH  and  Klialos  (VI II,  Vorgeut). 
Haniilt^n  black  BlatcR  (VIII,  Sralont);  Rtrcaks  of  coal. 
Upper  HoldorlMirg  limoMtonos,  etc.  (VIII,  PostinoriiUal). 
Oriskany  RandHtonoH  (VII,  Mondial),  Stono  Ridgo,  Loliigli  Gap. 
LoTecr  Iloldorburg  cement  layers,  etc. 


I  AndrowR,  E.  B. :  Notice  of  new  and  intoroHliii/r  ro.'ilplnnls  from  Ohio.   Am.  Ahhoc,  Proo.,T(ri.Si,pt. 
S,  187R,  pp.  100-109. 
*8&e  Gcol.  Survey  of  Ponnnylvanf a,  Report  of  Proj^roAH  D  en  dio  Brown  Ilomatite  Ore  Baaf^  of 
Zeb/^h  CoaDty,  by  Fivderick  Prime,  Jr.,  1874,  p.  73. 
'Ibid.,  p.  68, 


wnuAiifcJ  FONTAINE,   WHITE.  93 

In  187G  W.  M.  Fontaine'  proposed  the  name  of  <<  Ooogloinerate 
aeries"  for  tbe  strata  in  West  Virginia  which  occupy  the  interval  be- 
tween the  floor  of  the  Productive  Coal  Measures  and  the  Devonian  (or 
lower  prodnctive  coals  and  red  shales  of  the  Umbral).  ImpQrtant  coals 
are  said  to  oocar  in  the  equivalent  of  the  Oonglomerate  series,  and  also 
well  developed  coals  in  the  Vespertine  of  Montgomery  Oonnty,  Vir- 
ginia, near  White  Sulphur  Springs,  West  Virginia,  etc. 

D.  D.  Owen,  nearly'  120  years  before,  had  recognized  coals  below  the 
Conglomerate  in  Kentucky,  although  not  in  marketable  quantities,  and 
theConglomerate  W2is  regarded  by  him  as  the  base  of  the  Coal  Measures. 

I.  0.  White,''  in  187<),  made  some  comments  l>efore  the  New  York 
Lyceum  on  the  Beaver  County  Coal  Mt'iasures. 

The  line  of  section  presented  at  the  opening  of  this  pai>er  begins  at 
the  village  of  llomewimd,  in  Beaver  County,  and  follows  the  Beaver 
Biver  to  Rochester.  The  strata  exposed  extend  from  the  Mahoning 
sandstone  to  the  base  of  the  Tionesta  sandstone,  dipping  eastwardly  at 
the  rate  of  little  more  than  125  feet  to  the  mile.  The  thickness  of  the 
Mahoning  sandstone  varies  from  30  to  75  feet.  It  is  usually  a  nmssive 
rock,  but  its  composition  is  not  persistent,  sometimes  it  being  merely  a 
mass  of  shale. 

Below  it  is  the  upper  t'reeport  coal,  of  little  importance,  and  then  the 
Fi'00iK>rt  limestone,  a  pure  white  limestone  and  very  persistent.  The 
bed  of  shale  under  this  is  ibssiliferous,  containing  species  of  Productua^ 
S^irifer^  ^^Aj/W«,  etc.  Then  comes  a  thin  seam  iif  coal  rich  in  vegetii- 
ble  remains,  the  lower  Freoport  coal,  not  workable,  and  the  Kittanning 
coal,  the  most  im[M)rtant  bed  in  this  part  of  the  country,  at  one  place 
yielding  200  tons  daily. 

To  this  succeeils  the  Ferriferous  limestone,  varying  in  thickness  from 
8  inches  to  125  feet.  It  is  richly  fossilifcrous  in  species  of  rroductuHj 
/Spirifer^  Pleurotomaria,  (^tc.  Slialy  beds  and  thin  beds  of  coal  follow, 
one  of  the  beds  of  slial(3  <*.<)iitaiuing  many  fossils,  one  stratum  being 
made  up  almost  entirely  of  Aciculopcvten  ichiteij  with  ^Spirorbin  carho- 
ftariM«  attached  to  these  shells  in  vast  numbers,  the  latter  fossil  occur- 
ring at  this  locality  only. 

The  Tione-sta  sandstone  is  a  very  hard,  (;oarse  white  n»ck.  It  is  50  feet 
above  the  river  at  llomcwood,  but  passes  under  the  river  opposite  New 
Brighton,  7  miles  below. 

Mr.  Charles  A.  Young*  <lescril)es  the  Conglomerate  on  New  Uiver  as 
made  of  alternating  sandstones  and  shales,  the  former  numbering  live, 
and  the  latter  containing  the  workable  coal  seams.  The  total  thickness 
is  about  1,000  feet. 

*  Fontalno,  William  M. :  Tbn  (*tiiiKl»ni<'r.iiu  AorioB  of  Westt  Virginia.    Aiu.  Jour.  S<'i.,  .'kl  hit.,  vol. 
2, 1876.  pp.  276-'J84, 374  384 ;  lh«  Virj:lni:w,  Fcbniary,  IWO,  vol.  1,  pp.  27-29. 

'Whit«.  I.  C. :  NolfH  on  tliti  ('oal  Mtswuro!)  of  iivuvor  Coanty,  rruuHyivunia.    N.  Y.  Lyceum  of  Nat. 
Hut..  Annalii,  1870,  vol.  11,  pp.  14  18. 

'  Toiin);.Cliarl(Mi  A.:  OiiCuii>;lomor.tto  No.  XII  (iu  Wodl  VirKinia).     I'liilodt^lphia  iVc^.  SoL  1*im<&., 
YOL  28.1870.  p.  262. 
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« 

Mr.  Andrew  Boy,'  in  1876,  reported  that  the  Mahoning  Valley  coal 
region  lying  in  the  northern  part  of  the  Ohio  coal  field  belongs  to  the 
"lower  coal  of  the  Lewis  No.  1  of  the  Ohio  Oeological  Survey,"  and 
has  a  varying  thickness  from  an  inch  to  6  or  7  feet.  This  deposit  rests 
upon  the  "  Waverly  "  sandstone,  which  is  so  folded  as  to  form  numer- 
ous troughs,  in  which  the  coal  has  reached  its  maximum  thickness.  The 
synclinals  were  probably  formed  by  erosion  anterior  to  the  formation 
of  the  coal  vegetation,  and  not  by  the  mountain-boilding  forces  exhib- 
ited in  the  anthracite  fields  of  Pennsylvania. 

In  the  year  1876  there  appeared,  as  one  of  the  volumes  of  the  Second 
Geological  Survey  of  Pennsylvania,  the  "  Historical  Sketch  of  Geolog- 
ical Explorations  in  Pennsylvania  and  other  States,  by  J.  P.  Lesley, 
the  State  geologisf^  This  was  reprinted  without  revision  in  1878.  It 
contains  so  much  of  interest  to  the  rea<lers  of  this  essay  that  I  refer 
them  to  it  without  abstracting  its  contents. 

Chapter  I  is  entitled  "  Early  Observations  of  the  Geology  of  Penn- 
sylvania."^ Titles  of  pai>ers  and  comments  on  some  of  them  are  given 
dating  back  to  1780. 

Chapter  II  is  entitled  "  The  Geological  Society  of  Pennsylvania;  and 
what  it  did  to  bring  about  the  first  geological  survey  of  the  State." ^ 

Chapter  III,  "A  history  of  the  first  geological  survey  of  Pennsyl- 
vania,"^ an  elaborate  description  of  the  "Final  Beportof  1858,"  occu- 
pying pages  134  to  197. 

Chapter  IV  is  "A  sketch  of  the  history  of  other  State  geological 
^surveys  in  the  United  States,  and  of  their  relations  to  that  of  Pennsyl- 
vania."* The  press  of  other  duties  prevented  the  author  from  complet- 
ing this  chapter;  only  one  State,  that  of  North  Carolina,  is  discussed. 

In  these  chapters  may  be  seen  an  account  of  the  development  of  the 
knowledge  regarding  the  geology  of  Pennsylvania  up  to  the  close  of 
the  first  survey  and  publication  of  the  final  report  in  1858.  The  new 
survey,  begun  in  1874,  in  matters  of  correlation  adopted  the  classifica- 
tion of  the  first  survey,  but  modified  and  amplified  its  nomenclature. 

With  the  0[>ening  of  the  Second  Geological  Survey  of  Pennsylvania, 
Mr.  Franklin  Piatt  was  engaged  as  assistant  to  work  up  the  bituminous 
coal  fields  of  western  Pennsylvania.  As  a  working  scheme  of  classi- 
fication and  nomenclature  he  modified  the  scheme  of  the  first  survey 
as  i)ublished  in  the  final  report  of  1858  to  adapt  it  to  results  of  the  in- 
vestigations of  the  year  1874,  and  published  in  ileport'  of  Progress  H 
the  following  scheme  of  Coal  Measures  and  underlying  formations : 

1  Roy,  Andrew :  The  Mahoniug  Valley  coal  regions.  Trans.  Amer.  Inst.  Minin^;  En^;.,  vol.  4, 1876,  pp. 
188-190. 

»Geol.  Survey  ot  IViiiiBylvania,  lU'p.  of  rrofjroHH.  llf^port  A:  A  history  of  the  first  Geological 
Survey  of  Pennsylvania  from  1856  lo  18&8,  by  J.  P.  Lesley ;  pp.  226.    1876. 

•Pp.  3-28. 

* i»p.  29  52. 

»Pp.&3-l«7. 

•  Pp.  198-200. 

^Sticoufl  (wool.  Survey  of  Pt^unHylvania,  1874.  Kov«ri  of  Prosrew*  In  the  OlearfirM  ami  JefTerHon 
district  of  ibo  bitamiuoua  coal  flcltla  of  western  PtuuayVvauxa^bv  Y^w\V\\i\Y\aXV^\!L\\vv\>i\j\x\^,\JK\V 
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Serisi, 


MonoDgahela. 


Conemaagh 


,  (L)  W 
l(K)Si 

(J)  R^ 
1(1)  Pil 


AlleghftDy. 


'  Upper  Barren  Measares. 

(M)  Brownsville  (Wasliingtdn)  ooal  bed.  . 

(L)  Waynesbnrg  coal  bed. 

""   Sewickley  ooal  bed. 

Redstone  ooal  bed. 

Pittsburg  ooal  bed. 

Middle  Barren  Measures. 

Mahoning  sandstone. 

(E)  Upper  Freeport  coal  bed. 

(D')  Middle  Freeport  coal  bed. 

Freeport  limestone. 

(D)  Lower  Freeport  coal  bed  (BeynoldsviUe). 

Freeport  sandstone. 

(C)  Kittanuiug  coal  bed. 

(B') Ferriferous  coal  bed. 

Ferriferous  limestone. 

(B)  Clarion  coal  bed. 
^(A)  Brookville  coal  bed. 

Conglomerate No.  XII 

Sharon  coal  beds ?m^  vt 

Red  shale r""'^^ 

New  River  coal  beds (v^  y 

White  sandstone JIHO.a 

Chemung Olive  shales 

Portage Olive  sandstone 

Ha-ntoo.. I  Sl^SSi'^.':::::;::::::  ^''°''"' 

Upper  Helderberg . .  Coniiferous  liniestouo 

OritJHkauy White  sandstone .-..     No.  VII 

Lower  Helderberg..  Lewistown  limestone Ijan  Vf 

Waterlime Cement  layers S      * 

Clinton Red  shales  and  fossil  ore  ... .     No.  V.. 

Medina Re<l  sandstoue ^v^tv 

Oneida White  sandstone ^wo.iv 

Hudson  River Slates No.III I 

Trenton Limestone No.  II ^ 

Calciferous Dolomites No.  II 

Potsdam Sandstone No.I 


Shenango 
Catokill .. 


(8eral.) 
.(Umbral.) 

(Vespertine.) 

(Vergent) 

(Cadent.) 
.  (Postmeridial.) 
(Meridial.) 
(Fremeridial.) 
(Scalont.) 
(Snrgent.) 

(Levant.) 

(Matinal.) 

(Auroral.) 
(Primal.) 


In  the  first  column  the  names  below  Shenaugo  are  those  adopted  by 
the  New  York  geolojrists  previous  to  1843.  The  numbers  in  the  third 
column  are  those  adopted  by  the  geologists  of  the  first  survey  of  Penn- 
sylvania in  the  annual  reports  previous  to  1842.  The  names  in  the 
fourth  column  are  those  of  the  final  report  of  the  first  geological  survey, 
by  H.  D.  and  W.  B.  Kogers,  published  in  1858.  The  letters  A,  B,  0,  D, 
Ey  applied  to  the  coal  beds  of  the  Alleghany  series  are  those  adopted 
by  Hodge  and  Lesley.* 

In  1876  Franklin  Piatt  described  the  geological  column  at  Counells- 
ville.* 

The  section  is  as  follows,  viz :   . 

(i)  The  Upper  (Mouongahela)  Coal  Measures,  including  about  280  feet  of  slates, 
sandstones,  shales,  aind  limestones,  and  the  ''Great  limestone"  with  the 
''Pittsburg  coal  bed"  at  the  base. 

(2)  The  Lower  Barron  Measures,  including,  besides  shales  and  sandstones,  the  Pitte- 
burg  limestone,  about  2G  feet  below  the  coal ;  Connollsville  sandstones,  76  feet 
below  the  coal;  and  the  Mahoning  sandstone,  421  feet  below  the  coal. 


'Fifth  Annual  R«>port,  1811 ;  Lesley's  Manual  of  Coal.  1856 ;  aud  H.  D.  Ro^jera'  Annual  Report,  18r>8. 
'S4MM>nd  Gifol.  Sarv.  of  l^enuHylvania,  Kt^pt.  of  Pro>^r&88  L:  Spocial  Roport  on  tho  coko  mauuIlM)- 
tare  of  tUe  You>;hiogUeny  River  VuUuy  in  Fayotto  and  WeiitmoroUui(l  Couulioa^  \A1\  ^^.  VVii), 
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(3)  Lower  or  Alleghany  River  seriesi  ooiuisting  of  nhmim,  ooaI  bedi,  Himiitoiifr,  aod 

ores,  and  down  to  tbe  Conglomerate,  No.  XII. 

(4)  Ore  b€^8  of  XI;  limeetones  of  jSU. 

(5)  Catskill  rocks,  No.  X,  or  Catekill  gray  sandstone. 

(6)  Chemung  rocks  No.  VIII.  . 

The  means  of  oorrelation  and  identifioatioii  were  the  <<PittBlrarg 
coaly"  distinguishing  the  base  of  the  Upper  Ooal  Heanuee,  the 
'^Mahoning  sandstone,"  whioh  is  described  as  *^  the  great  key  rock  of 
the  bituminous  coal  field  in  Pennsylvania,  Ohio,  West  Yirginiay  and 
Kentucky.  It  was  first  best  stnd^  on  the  Mahoning  Biver|  in  Jeffer^ 
son  Oouuty,  and  hence  its  nauie."^ 

This  marks  the  base  of  the  *' Lower  Barren  Measures"  and  it  pats 
on  locally  a  thousand  varying  aspects,  being  coarse,  pebbly,  and 
massive,  and  again  fine-grained,  thin-bedded,  and  shaly."  And  at  the 
base  of  the  lower  series  is  the  ^^Gonglomerate  No.  XII,"  which  presents 
similar  variations.    It  is  Che  *^ Serai"  Conglomerate  of  the  first  sarvey. 

lu  1877  Mr.  Piatt'  published  the  following  ^<  Scheme  of  the  measarea" 
which  <<  would  be  met  with  could  a  well  be  bored  near  Waynesburg,  or 
on  the  highest  geological  laud  in  Oreene  Oounty:' 

1.  Tlie  Mononjrahela  River  system : 

(a)  Greene  County  group  of  Up|»cr  Darren  Measures. 

(b)  WuHliiiigton  County  group  yf  Upper  Barren  Measures. 
(o)  Upper  Productive  Coal  Measures. 

2.  The  Alle;;1i.iiiy  Kiver  synteni : 

(a)  Lower  Kurren  Measures. 
{b)  Malioiiing  sandstone. 

(c)  jjower  Productive  Coal  Measures. 

3.  Tbe  Kanawha  Kivnr  Hysteni : 

(a)  Poitsville  Conglomerate  .  ?y|T 
{b)  Kanawha  Coal  Measures  .  J-^**- 
(0)  Mauch  (.'hunk  riHluhalc.  (^j 

(d)  Mountain  limestone S 

4.  The  New  Kivor  system  (of  I^iHh*.y,  not  of  Foniaiue) : 

(a)  New  Kiver  Coal  MeaHurc^rt /  y 

(&)  Pocono  (Upper  Cathk ill)  tfandtitone  .  j|     ' 

4.  The  Devonian  syHt'C^m: 

(a)  Cat^ikillOld  Red  sandMiuiie,  IX. 

(/;)  Clienuin^r  saiid  and  HhaloH '\ 

(o)  Porta«{e  Hliales  and  8andH I 

i  (tcnoHee  Mack  Hhales. ..  [  yrrr 
((/)  llainiltous  Juniata  Coal  MeaHures.  ^ 

(  MarcelluH  black  ubales. 

(e)  Upper  Helderbcrg  limestone 

5.  irpper  Silurian  H.VHteni : 

(a)  Oribkauy  8andstono,  etc.,  to  tbe  Archean. 

Four  new  uames  are  noted  in  this  list,  ^'proposed  by  the  present  State 
geologist  of  Peiiiisylvauia,"  viz: 

FoitHville  Conglomerate^  for  Rogers'  "  Serai,"  Ko.  XJl. 
Matich  Chunk  Red  shale,  for  Itogers'  '^  Unibral,"  No.  iX. 
Kanatcha  Coal  Measures,  for  Fontaine's  "  New  River  ^  series. 
Focono  sandstone,  for  Rogers'  "Vespertine,"  No.  X. 


1  Socontl  (leol.  Surv.  of  Piiundylvania,  Kept,  of  Proj^reHH  L.    Special  Kepori  on  the  coko  manufacture 
of  the  YouKhio;;1ieny  Kivor  Yulloy  in  Fayutto  and  Wogtmoi  elaucl  CoiiDtios,  1875.22. 

'Gcol.  Survev  of  Pouusylvauia,  Kept,  of  Trogretts  II*:  Keport  on  Cambria  Coaiity,  by  F.and  W.  G. 
r/Mtt,  pp.  11)4,  1877. 
^lOifl,  p.  xxni. 
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The  scheme  of  formations  published  in  Report  of  Progress  HH.,  1875| 
is  repeated,  bat  with  change  in  names,  in  Report  HHH,  1877.  In 
the  preface  of  this  report,^  by  J.  P.  Lesley,  the  following  scheme  of  for- 
mations is  given : 

I.  The  CftrboDiferoQB  BjBtem : 

1.  Ifonougahela  River  ooal  aeries  I   ■ 

Upper  Barren  Measures. 

(a)  Greene  Coanty  groap. 

(b)  WashiDgtOD  County  group. 
ITpper  Productive  Coal  Meaaurea. 

2.  Alleghany  Biver  coal  aeries : 

Lower  Barren  Measures. 

Lower  Productive  Coal  Measures. 

(a)  Freeport  coal  group. 

(b)  Kittanning  coal  group, 
(o)  Clarion  coal  group. 

Pottsville  Conglomerate  (Serai) Xn 

(d)  Sharon  and  Quinnemont  coal  group.  - 

Mauch  Chunk  red  shale \ 

Mountain  limestone > XI 

(c)  New  River  coal  group.,  y 

Pocono  sandstone  (Vespertine)  (mountain  sands) X 

II.  The  Devonian  system: 

1.  Catskiil  sandstone  (Old  Red)  (fOil  Sand  group) IX 

2.  Chemung  sands  and  shales 

3.  Portage  shales  and  sands 

4.  Hamilton  formation , 

Glenesee  black  shales 

Hamilton  sandstones 

Juniata  River  coal  group  

Marcellus  black  shales 

5.  Upper  lleldcrl)erg  limestones 

6.  Oriskany  sandstone VII 

III.  The  Silurian  system. 

1.  Lower  Helderberg  limestone  VI 

The  name  ^KJuii^neinoiit  beds"  is  hero  substitated  for  the  name 
*^ Kanawha  River  system"  of  the  former  reports,  because  the  latter 
name  was  fouiid  iuapplicable.^ 

In  the  report  on  Indiana  County^  Mr.  Pliitt  notes  the  discovery  of 
fossils  in  an  exi>osare  of  the  Mountain  limestone  on  the  bank  of  the 
Dunbar  Greek,  three  of  which  were  identified  with  species  of  the  Ches- 
ter group.* 

This  correlates  the  series  XI,  Mauch  Chunk  of  Lesley,  with  the  upper 
division  of  the  Lower  Carbouiferous  limestone  scries  of  the  Mississippi 
Valley. 


>    XIII 


>  Geol.  Sarrey  of  PeDuaylvauia,  Kopt.  of  PrugrosH  Tl*.  Report  on  Soinursot.  ('onuty,  by  F.  and  W* 
O.  Piatt,  pp.  348. 1877. 

sSeep.zxlL 

*  Geol.  Survey  of  Pennsylvania,  Kept,  of  Progress  H« :  Beport  on  Indiana  Coanty,  by  W.  G.  Plait,  pp. 
ne.    187& 

« Ibid.,  p.  60. 

Bull.  80 7 
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In  1S76>  Mr.  Stevenson  classified  the  formations  of  Greene  and  Wash- 
ington Counties.  In  his  classification  the  Waynesbarg  sandstone  is 
maile  the  base  of  the  Upper  Barren  series. 

Tiiis  is  divided  into  two  groups,  called  the  Washington  County  group 
and  the  Greene  County  group. 

The  first,  or  lower,  includes  the  rocks  from  the  Waynesbnrg  sand- 
stone to  the  Upper  Washington  limestone,  inclusive.  The  second,  or 
(irecne  County  group,  extends  from  the  top  of  the  Upiier  Washington 
limestone  to  the  top  of  the  series. 

The  second  distinguishing  horizon  is  the  Pittsburg  Coal  Bed,  and  the 
series  between  it  and  the  Waynesbnrg  sandstone  is  the  Upi)er  Pro- 
ductive Coal  series. 

Below  this  the  Lower  Barren  series  is  the  name  applied  to  all  the 
rocks  down  to  the  Mahoning  sandstone. 

The  rocks  below  the  Mahoning  sandstone  are  the  Lower  Productive 
Coal  series,  the  bottom  of  which  is  not  seen  in  the  counties  under  exam- 
ination. 

Several  local  names  are  applied  to  the  various  strata  presenting 
conspicuous  exposures  in  these  counties.  These  are  not  of  importance 
for  the  purpose  of  this  paper. 

In  1877^  the  same  author  rei)orted  upon  the  rocks  of  Fayette  and 
Westmoreland  Counties. 

In  this  classification  the  Waynesbnrg  sandstone,  the  Pittsburg 
coal  bed,  the  Mahoning  sandstone,  and  the  Pottsville  (Serai)  conglom- 
erate form  the  conspicuous  landmarks  in  the  sections  by  means  of  which 
the  four  divisions  of  the  coal  measures  are  separated. 

Below  the  Pottsville  conglomerate  the  Umbral  series  of  Rogers  are 
recognized,  and  the  author  reports  the  probable  identification  of  fossils 
from  the  limestones  of  this  series  in  West  Virginia  with  fossils  of  the 
Chester  limestones  of  the  Mississippi  Valley.^ 

The  Sharon  coal  group  is  placed  in  this  series  below  the  Pottsville 
conglomerate.* 

The  Pocono  (Vespertine)  rocks  include  the  rocks  of  the  district  be- 
low the  Umbral  limestone.* 

In  the  following  year  (1878)  Mr.  Stevenson's  third  report^"  was  pub- 
lished. In  this  report  are  particularly  discussed  the  rocks  of  the  section 
in  the  Ligonier Valley,  Fayette  and  Westmoreland  Counties.  As  in  his 
previous  reports,  Mr.  Stevenson  adopts  in  general  the  nomenclature 
and  cUissilication  proposed  in  the  first  geoogieal  survey.    In  this  and 


'  Geol.  Survey  of  IVnurtylvaiiia,  Kept,  of  l*ro;:ies8  K  :  Kiport  on  Gn'oiu;  ami  Wa^jhiii^toii  Cuuiitiefl, 
by  'J.  J.  Sti'voijrtou.  i>p.  419.  187«). 

'Gcol.  Survey  of  IVnuMylvania,  Kept,  of  rni;:rivss  K-* :  Keport  nf  ]>io!HrH.-i  iu  the  Fa>etteniid  Wtwt- 
niorelamldidtiict  of  the  bituuiiuous  coal  liulils  of  Woftteiu  IViinsylvauia.    By  J.  J.  SteVuusoD,  pp. 
437.     1«7C. 
Mbia.,pp.l02,103. 
<  Ibid, p.  103. 
'  Ibid.,  p.  105. 

*'0\utl.  Stu'vvy  of  /*e/iiiMvl  vania,  Kept,  of  J*ro;;ros3  K' :    Riport  of  pio^'iesd  iu  the  Fayotto  and  We8^ 
tiittrt'I.iinl  fli.ttrict  oC    tiio  biluiuiuou:*  coal  iVclti*  oC  Nyoa\.«nv  V^juus^^WauIa,    By  J.  J.St>«v«iMoii.  pp. 
SifJ,  iif77. 
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the  second  volame  ho  adapts  this  nomenclature  to  that  projiosed  by 
Mr.  Lesley,  as  where  he  uses  Pottsville  Conglomerate  for  '^  Serai," 
Mauch  Chunk  Bed  Shale  for  *'  Umbral,"  Pocouo  sandstone  for  '^  Ves- 
pertine," etc 

Regarding  the  rocks  underlying  thePocono  sandstone,  in  the  Fayette 
County  sections,  the  author  refers  them  to  the  Catskill  <<  by  direction 
of  Prof.  Lesley,"  but  under  x>rotest.^  In  a  paper  in  the  American 
Journal  of  Science?  he  explained  his  reasons  for  this  correlation.  The 
outcrops  in  question  in  the  river  gaps  through  Laurel  and  Chestnut 
Kidges,  Fayette  County,  are  separated  by  many  miles  from  other  out- 
ci'ox>s  of  the  lower  series,  and  the  stratigraphic  and  lithologic  char- 
acters do  not  furnish  satisfactory  means  for  determining  the  precise 
age  of  the  lower  beds.  Fossils,  however,  found  in  the  rocks  below  the 
characteristic  Pocono  sandstone  were  Devonian  marine  forms,  the  ma- 
jority of  them  identical  with  si>ecies  of  the  Chemung  rocks  of  New 
York,  two  or  three  Hamilton  species,  and  no  species  characteristic  of 
typical  Catskill  rocks  of  New  York.  The  author  therefore  concluded 
that  the  rocks  were  of  Chemung  age  and  '^  probably  belong  to  the  Lower 
Chemung." 

In  the  closing  chapter  (xxii)  of  the  report  Mr.  Stevenson  gives  some 
valuable  "  Notes  on  the  Paleontology  of  South  west  Pennsylvania,"  giv- 
ing a  list  of  55  Coal  Measure  fossils,  12G  Lower  Carboniferous,  and  15 
Devonian  forms.  In  most  of  the  rocks  of  the  district  the  fossils  are 
rare,  but  occasionally  in  the  limestones  and  shaly  beds  sufficient  fossils 
ai*e  obtained  to  satisfactorily  determine  the  correlations. 

Mr.  Persifor  Frazer,^  in  1877,  reported  that  a  si»ecimen  of  coal  was 
given  to  him  from  a  locality  18  miles  east  of  Bath,  West  Virginia,  and 
later  another  specimen  from  Bath,  by  Mr.  Pendleton.  Mr.  l^'razer  thinks 
there  are  some  reasons  for  ascribing  the  coal  to  an  horizon  below  the 
Carboniferous  series. 

Mr.  S.  Fisher  Morris*  reported  that  the  New  Kiver  coal  field  has  only 
two  seams  that  are  workable.  Their  position  is  '^in  the  Conglomerate, 
;No.  XII,  and  hence  they  are  called  by  Fontaine  '*lnterconglomerate." 
The  thickness  of  the  Conglomerate  series  is  about  1,450  feet. 

In  the  report^  on  Lycoming  and  Sullivan  counties,  Messrs.  Sherwood 
and  Piatt  follow  the  established  nomenclature,  identifying  the  various 
«tatafrom  outcrop  to  outcrop  mainly  by  stratigraj)hic  methods. 

In  the  sections  tniced  by  Mr,  Sherwood  "provisional  limits"  are  re- 
corded between  the  Catskill  red  sandstone  and  the  Pocono  gray  sand- 
stone, and  between  the  latter  and  '^  Mauch  Chunk  red  shale." 


'  GtH)!.  Survey  of  Pciinsvh-iiuia,  Kopt.  of  Progroiw  K,  p.  13. 

"ad  Htir.,  vol.  1.%  pp.-li::j  KW. 

'  Fraxor.  Jr.,  IN-tMilor:  Aiithmcito  fn>m  "Thinl  Ilill  Moiiiitaiu,"  West  VirAjinia.  rbila.  Arad.  Sci., 
PiiK-,,  vol.*2U,  1^77,  pp.  10, 17,  ^  ]». 

■•Morrii*,  S.  Ki«li«"i':  "TImj  Now  Uivorcual  tiolil  of  West  Virf^iiiia."  Traii.s.  Amer.  lust.  Miu.  £ug., 
vol.  H,  187»-18l>U.  pp.  2C 1-209. 

'GcoL  Survey  of  I'eiiiiri.vlvHiiiH.  KojiUof  I*ro);it?H8  G*.  Goolopy  of  Lycoiiiin;;  aud  SMlIivau  Coiiu* 
(ikM.    I.    FivliX  uotot,  by  Audruw  Sherwood.    IL     CoaI  liMiutt,  by  FrMtWUiiL  VV»\,\..    V\^,  w-  *2.^« 
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In  this  series  no  fossils  appeared  to  help  the  correlations.  Theoone- 
lation  of  Chemung  Measures  was  based  upon  the  appearance  of  Devo- 
iiiiiii  fossils,  and  in  the  strata  whore  the  fossiliferous  beda  were  few  and 
the  red  rock  similar  to  those  above  was  prominent  the  designation 
'^  Transition  beds  of  Chemung  into  Gatskill "  is  given.' 

Tlio  report^  on  Potter  County  by  the  same  authors,  adds  no  new 
features  to  the  general  problem  of  correlation — the  report  consisting  of 
detaile<l  identification  of  the  formations  already  classified  and  named. 

In  the  report'*  on  Jetlersou  County  the  main  iiart  of  the  volume  is 
occu[)ied  with  details  of  the  township  surveys.  On  pages  xxviu  to 
XXXIV  tiic  author,  Mr.  W.  G.  riatt,  attempted  a  grouping  of  the  forma- 
tions that  had  previously  gone  under  local  names.  The  Lower  Pro<lnc- 
ti  ve  (3()!i1  Measures,  aggregating  about  300  feet  in  this  county,  he  divided 
into  the  Freeport  ffroup,  the  Kittanning  group^  and  the  Clarion  group. 

The  Tottsville  Conglomerate  No.  XII,  300  feet  thick,  is  subdivided 
into 

Iloinowood  Handstonos. 

MorccT  ^roiip  of  coals  autl  sandHtoncii. 

Cou<)(|iK'ueHKiiig  Upper  saucUtouctt. 

(^iiakcrtown  coal. 

C(>no<|iiun(^Hsiiig  Lower  tMHitlstoneti. 

Sharon  coul  aud  slialoti. 

Sliaruu  conglomerate. 

II.  ^l,  Ciiance/  in  1881,  compare<l  the  Millstone  grit  of  Pennsylvania 
with  that  of  England.  Ue  said  a  survey  of  the  Conglomerate  No.  XII 
(Millstone  grit)  in  Pennsylvania  by  Messrs.  Chance,  Carll,  and  White, 
and  of  the  same  rock  in  Yorkshire,  England,  by  Prof.  Green  and  col- 
leagues, led  to  the  diseovery  of  a  striking  similarity  in  the  structure  of 
the  rock  in  the  two  regions. 

A  comparison  of  the  nomenclature  adopted  by  the  two  parties  of 
geoloj;ists  is  given,  from  the  Sharon  through  the  Conoquenessiug sand- 
stones to  the  Ilomewood  sandstone  of  Pennsylvania,  aud  the  Kinder 
Scout  grit,  coal,  and  Kough  Kock  of  Yorkshire.    Afterwanl,  as  the 
middle  members  in  l)ot]i  localities  were  sometimes  representee!  by  a 
single  rock  and  sonietimes  by  several,  a  generalization  was  adopted 
by  each  party,  the  second  and  third  grits  of  the  Y'orkshire  formation 
being  called  the  Middle  grits,  and  the  upper  and  lower  Conoquenes- 
sing  sandstones  of  JVnnsylvania,  the  Conoquenessing  groui).    In  the 
niodilied   nomenclature   the  Ohio  or  Sharon   Conglomerate  of  Penn- 
sylvania corresponds  to  the  Kinder  Scout  or  Lower  grits  of  Yorkshire,^ 
and   the   liough  Kock  or  Topmost  grits  of  the  latter  to  the  Home- 
wood  sandstone  of  the  former. 


MJj'ol.  Snrvfy  of  PiMiinylvaniu,  Ko|»^'<*^  rro:;ivss  G',  j».  fiU. 

'''(iiMil.Snr\f.\v  "i"  rt-niisylvauia.  llv]ti.  ii!"  l'r»!:ri*s.s.  iiK    I'Im' (ji'olojry  of  l*ott4>r  County,  by Andref^'' 
Slu*nvo«Ml.     llrpoi  t  on  tlit*  (■i>:il  I'ifldrt.  l»y  Fruiikliii  IMntf. 

■^(.ii'ol.  Suivt-y  ot"  l't*nii»ylv;mia.  Ki-jit.  ot  Pro;:rrMs  H":  lU'port  of  rro;;roRf«  in  JctleriKm  Coaniy,  b; 
W.  <;,  i>)jirt.    i.-^Mi. 

''i'hunco,  ILMaiiyn:    The  MillHtuito  {:rit  iu  Ku-^and  und  i*viinMylvaum;  iu  Am.  Jour.  Sci.,  3dter' 
Tol  21,  1861,  pp.  134-J35. 
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The  first  report  written  by  Mr.  White  was  published  in  1878/  He 
recognized  the  following  formations  in  the  district  reported  on,  viz, 
Beaver,  Alleghany,  and  part  of  Butler  Counties. 

Upper  Prodnctiye  Coal  fMsries,  Pittsbnrg  coal  bed  (only). 

ZiOwer  Barren  Measnre  series,  iucladiug  the  measures  from  the  base  of  the  Pitts- 
bnrg o<Mil  to  and  inelnsive  of  the  Mahoning  (Lower  Maboning)  SandHtone,  an 
average  of  600  feet.^ 

Lower  Prodnctiye  Coal  series.  From  the  base  of  tbe  Barren  Measures  to  the  <*  Pie<l- 
mont  Sandstone  **  of  Prof.  Lesley,  wliich  the  author  regards  the  upper  member 
of  the  Pottsville  Conglomerate  No.  XH.^  This  is  subdivided  into  Freeport  group, 
Kittanning  group,  and  Clarion  group,  325  feeU 

Seaver  River  series  (J.  P.  Lesley).  This  was  called  by  the  author  in  MSS  **  Conglom- 
erate series,"  thus  identifying  it  with  the  series  so  called  hy  Fontaine  in  West 
Virginia.* 

In  the  typical  section  of  the  series  along  the  Beaver  Kiver  and  the 
Conoquenessing  Greek  the  series  is  as  follows : 

Feet. 
\,  Piedmont  [f  ],  Upper  Homewood  Sandstone 7r)-ir>5 

2.  Shales,  inclosing  sometimes  a  coal  bod,  iron  ore,  f  Morct^r  f  limestone,  and 

coal 20-  80 

3.  [Pottsville  Conglomerate]  Conoquenessing   sandHtone;  Massillou   sand- 

stone of  Ohio: 

(a)  Upper  members 40-  r»0 

(ft)  Middle  members tlTi-  40 

(c)  Lower  members 20-  25 

4.  Sharon  shales;  sometimes  thin  lay orH  of  coal '    7 

The  name  '' Conoquenessing  sandstone"  was  introduced  for  the  first 
time  in  this  report.  It  is  regarded  by  the  author  as  equivalent  to  the 
*' Lower  Pottsville  Conglomerate." 

Mr.  Lesley,  in  a  note  in  the  chapter  on  the  Beaver  Biver  group,^  re- 
marks that  he  foresees — 

The  probability  that  the  whole  group  of  Pottsville  (serai)  Confjlomerate  rocks,  con- 
taining as  it  does  large  and  valuable  beds  of  coal,  will  some  <lHy  bt>  ronflidered  as 
Included  in  the  serios  of  the  Lower  Productive  Coal  Moasui-es,  as  it  certainly  is  in 
t.he  Alleghany  Kiver  HcricH,  and  iinally  aH  the  Conglonierato  No.  XII  (whether  called 
ISernl  Conglomerate,  PottHvillo  Conglomerate,  Piedmont  HandHtone  and  Pottsville 
Conglomerate,  Up])er  and  Lower  Homewood  HandHtone,  Home  wood  Haudstone  and 
CJonoquenessing  sandstone,  MnsHilton  Hand«tono,  for  by  all  these  names  has  one  or 
\>oth  of  its  principal  members  been  designated)  nniy  be  considered  the  base  or  bottom 
^iienil>er  of  the  Jjower  Productive  Coal  Measures  jim  justly  as  the  Mahoning  sandstime 
&»  considered  the  lK>ttom  member  of  the  Lower  Barren  Measures,  the  ConnellHville 
s^aiidstono  the  bottom  member  of  the  Upper  Productive  Coal  Series,  and  the  Waynes- 
^.uirgh  sandstone  the  bottom  member  of  the  Upper  Barren  Measures. 

In  the  Ohio  correlations  the  classification  of  the  Coal  Measures  was 
Substantially  that  originally  proposed  by  the  llogers  brothers  and  elab- 
^Dratod  by  the  second  survey  of  J^ennsylvania.     So  far  as  the  correla- 

Hieol.  Survo>  of  IVun^ylvaiiia,  Kept,  ul'  TrognMij*  Q.:  liopoit  on  Jtenver,  N\V.  AUculicny,  niid  S. 
^^utler  CouDtie«,  by  1.  C.  Wlilk.,  pp.  337.  1H7H. 
'Ibid.,  p.23,  etseq. 
'  Ibid  .  p.  39,  nt  rck}. 

*'rbe  coimloiiiorate  aorieH  of  West  Virginia,  Am.  Jour.  Sri.,  vol.  11, 1876,  v\>.*2nfV-^\,?lV-:5A\. 
•Ibid.,  pp. 06-66. 
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tionR,  strictly  8peakin|^,  are  concerned,  this  was  the  case  down  to 
details  which  were  variable  in  the  dittcrcnt  counties  of  Pennsylvania. 
As  to  the  classification,  the  separation  of  the  Conglomerate  series  from 
the  Lower  Goal  Measures  was  not  found  to  express  an  actual  change 
in  nature  of  the  formations  in  eastern  Ohio;  and  as  late  as  1884  Mi^ 
Orton,  then  State  geologist,  united  these  two,  calling  them  both  Lower 
Coal  Measures.* 

In  the  sixth  volume'  the  Coal  Measures  are  classified  as  Carbonifer- 
ous, thus:  ^ 

Feet* 

17.  Upper  narren  Coal  Measarcs r>Ou 

16.  Upper  Product iv(^  Coal  Measures 200 

Carboiii foroiis  ^  15.  Lower  Barren  Coal  Measures f>00 

I  14.  Lower  Productive  Coal  Measures 250 

1 13.  Conglomerate  group 250 

This  is  practically  the  Pennsylvanian  classification. 

In  the  results  already  discussed,  coal  beds,  as  lithologic  formations, 
have  been  the  chief  means  used  in  the  classifying  and  correlating  the 
Coal  Measures. 

Fossil  phmts  served  to  distinguish  the  Carboniferous  from  the  Triassie 
and  the  Cret<aceous  Coal  Measures,  but  have  not  heretofore  been  of  much 
use  in  subdividing  the  beds  into  groups. 

In  A^irginia  and  West  Virginia  the  character  of  the  plants  found  in 
tlio  Upper  Barren  Measures  led  Mr.  Fontaine  to  correlate  them  with  the 
rerniiau  formations  of  JiJurope. 

The  report  of  his  study  of  the  plants  and  of  Mr.  White's  study  of  the 
structure  is  given  in  Keport  PP  of  the  Second  Pennsylvania  Survey.* 

A  brief  account  is  given  of  the  iiorasjof  the  Vespertine  group  (Pocoiio 
formation),  Conglomerate  group  (Pottsville  formation),  Lower  Pro<lue- 
tive  Coal  Measures,  particularly  the  Kittanning  Coal  and  the  Upper 
Froeport  horizons,  Lower  Barren  Measures,  Upper  Pro<luctive  Coal 
Measures,  incUuling  the  VVaynosburg  coal  beds  and  the  Upper  Barren 
Measures.  The  llora  of  the  last  formation,  including  the  roof  shales  of 
the  Wayneshurg  coal  beds,  is  discussed  at  length,  and  the  spe<!ies 
described  and  figured,  the  authors  reaching  the  conclusion  that  the 
''  Upper  Barrens  of  the  Appaljichian  coal  field  are  of  Permian  age."* 

Most  of  th(»  species  described  are  from  the  roof  of  the  Waynesburg 
coal,  and  the  authors  suggest  that  "  perhaps  it  might  be  best  to  sepa- 
rate the  roof  shales  of  the  Waynesburg  coal  and  Waynesburg  sandstone 
and  consider  them  transition  beds,  and  the  strata  overlying  and  includ- 
ing the  great  limestone  below  the  Sewickley  coal  are  to  be  considered 
strictly  J*ermiaii."*'" 

MiOul.Survoy  of'<)lii<»,  vol.  fi,  j).  1<). 

*  lhu\.,  Ki'oiHunic  (n'olo^y,  vol.  tl,  IhSS.    IJy  Edw.inl  Orton. 

■*Tli«'  IN'riiiian  or  TppiT  CarlMMiiJoroiis  I'Morn  of  Wost  Virjjiiiia  ami  SW.  rennsylvania,  by  W11L.M. 
Fonf.»itu'  ;in<l  J.C.  \N  liitc,  \m\  pp.  ]4:{,  IMs.  xxxvni. 

^IhiiL.p.  U!f. 
''I hid.,  p.  J 20. 
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Tho  authors  recognize  tis  of  Pocoiio  age  coal  beds  iu  numerous  locali- 
ties in  Pennsylvania,  Virginia,  and  West  Virginia,  and  tbey  correlate 
the  Mauch  Chunk  formation,  or  "  Subconglomerate,"  with  tho  Chester 
and  St.  Louis  limestone  grcmp  of  Illinois,  Indiana,  and  Kentucky,  tho 
Waverly  group  of  southern  Ohio,  and  the  Cuyahoga  shale  and  Berea 
grit,  of  northern  Ohio.^ 

It  is  not  proposed  here  to  discuss  the  value  of  fossil  plants  as  a  means 
of  correlation.  The  whole  subject  of  the  classification,  distribution, 
range  and  association  of  fossil  plants  is  under  investigation  by  an  ex- 
pert botanist. 

Several  interesting  problems  of  correlation  depend  much  upon  the 
evidence  of  fossil  plants:  as  the  determination  of  the  true  relations  of  the 
arenaceous  deposits  between  the  marine  Devonian  and  the  Carbonifer- 
ous formations  of  the  Ap])a1acliian  province,the  correlation  of  the  Upper 
Paleozoic  formations  of  the  Acadian  province,  and  the  dilferentiation 
of  the  Permian  from  the  Upper  Coal  Measures  of  tlie  AppahiHiian  areas. 
One  work,  however,  may  be  cited  as  an  illustration  of  the  kind  of  mod- 
ifications in  classification 'suggesti'd  by  fossil  botany.  In  the  year 
1880  tlie  results  of  Mr.  Leo  Lesqucreux's  work  on  the  fossil  plants  of  the 
Coal  Measures  of  Pennsylvnnia  were  published  in  Report  IV  Several 
of  the  chapters,  i)articularly  those  on  stratigraphy,  were  edited  by  the 
State  Geologist,  J.  P.  Lesley. 

The  greater  part  of  the  work  is  devoted  to  descriptions  of  the 
plants.  At  the  close  of  the  volume  of  text  a  list  is  given  of  the  "  Liter- 
ature of  the  United  States  Coal  Flora"  (including  Devonian),  with  145 
titles.  Under  "  General  remarks,"  chapter  2  is  entitled  "On  the  geo- 
grai)hical  and  stratigrapliical  distribution  of  the  plants  of  Carbonifer- 
ous age;'' ^  and  at  its  close  a  "Table  of  distribution  "  gives  the  vertical 
range  and  geographical  distribution  of  500  species  of  plants.  The 
arrangement  of  the  columns  expressing  vertical  range  aiul  chissifica- 
tion  presents  in  a  concise  form  the  results  of  Mr.  Les(|uerenx's  long,  ex- 
haustive and  most  careful  study  of  the  paleozoic  plants  of  the  United 
States, 

The  following  is  the  classification :  * 

I.   rRE-CAllHOXIFEROUS. 

/  Devonian, 

1.  <  Chemung  (top  (livi.sion  of  Xo.  VIII)=Mi(l(llo  Dovonian. 
(  Catfikill  (Nt).  IX),  Upper  l>("v<nn{in. 

2.  Vot'ono  Santhlona  (No.  X),  including,  in  Pennsylvanift,  Sifleling  lliH  Tnnnol, 
iriiutin^dou  County :  Keel  Hhalts below  PottHvillo  (Mount  Carbon);  Lohigh  (Jap,  below 
Mauch  Chunk;  Itanksof  tho  SnH<[uohanna,  abovo  PittHton;  (LowiH  Tunnel  and  Now 
liivrr  j?nnip,  West  Vir>;in;a.) 

'Tho  rormian  <»r  Upprr  Carbon  I  IVrouH  Flora  of  Wrnt  Virpnia  ami  Sou  Hi  west  orn  ronnHvlvaula, 
pp.  62(^627. 

'  DoHcription  of  tho  Coal  Flora  of  tho  Cnrhoniferoiis  fomiatfon  in  IVnnsylvania  ami  throii;:;lioiit  tho 
United  states.  Vol.  1,  ct^Uilar  cryptoganionA]tlantH,  Fiinpi  ThalajiHophyteH  Vul. '2,  vawnlar  oryptog- 
ainoiiH  plantA,  ('alamarla,  FiUracna  (KtTnH).    Ity  Leo  LrHtinoicux,  pp.  0U4,  and  atlan,  .^7  platea. 

^  Edited  hy  .1.  V.  L.,  pp.  017-fi:i5. 

«  Pp.  C3G-«:>7. 
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X  Suhconglomeraie :  Manoh  Chnnk,  No.  XI,  inclnding  Fontaine's  oonglomerste  se- 
ries of  WVst  Virginia,  and  localities  in  Alabama,  Tennessee,  Arkansas,  Illinoia,  Ches- 
ter Oruiip ;  Indiana,  Chester  Group ;  and  Megalopterit  beds  of  Ohio  and  Illinois. 

4.  Ittierconglomeratt,  No.  XII,  Campbell's  Ledge,  near  Pittston,  east  PeniwyKania; 
Shamokin  Gap,  east  Pennsylvania;  Jackson  Shall  bed,  Ohio;  Cuyahoga  bed«  Tal- 
madge  Summit  beds,  Ohio ;  Youngstown,  Ohio. 

U.  COAL  mEASURKS  PROPKR. 

1.  AnthraciU  fieldM. 

5.  Beds  A,  B,  and  C,  at  Archibald,  Carbondale,  etc. 

6.  Beds  D,  E,  F,  at  Pittston,  Wilkes-Barre,  Scranton,  ete. 

7.  Bed  G,  Wilkes-Barre,  etc. 

8.  Upper  Anthracite  (Salem,  etc.). 

9.  Rhode  Island,  etc. 

2.     Bituminous  field: 

• 

10.  Coal  A,  B,  above  the  Conglomerate  (both  beds  often  nnited),  at  Morphyabor- 

ongh,  Neeley  ville,  Marseilles,  Colchester,  Morris,  Mazon  Creek,  Centralia  Shaft,  Van- 
dalia,  Illinois;  at  Burnt  Branch  of  Caney,  etc.,  Kentucky;  at  Massillon, Ohio. 

11.  Coal  C  (which  is  sometimes  united  to  B),  at  Clinton,  Missouri ;  Cannelton,  west 
Pennsylvania. 

12.  Fourth  Coal  (under  the  Barren  Measures),  at  Duquoin,  St.  John,  Illinois;  Nel- 
son ville,  Ohio;  Coshocton,  Ohio;  Snilivan  County,  Indiana. 

i:{.  Tpper  Coal  (top  of  the  Barren  Measures),  at  Pittsburg,  Pennsylvania;  Pom- 
eroy,  St.  Clairsville,  Bamsville,  Ohio;  Carmi,  Illinois;  Grayville  and  New  Harmony, 
Indiana. 

In  this  classiflcatioQ  the  base  of  the  Pocono  is  regarded  as  the  lowest 
formation  of  the  Garl)oniferous  system,  although  the  line  separating  it 
from  the  Catskill  below  is  stated  to  be"  purely  empirical."* 

The  Kinderhook  (Jroup  of  Illinois  "  is  probably  referable  to  the  Po- 
cono."  2 

J.  P.  I^esley,  1880,  gave  some  valuable  statistics  regarding  the  Pitts- 
burg coal  region.^ 

The  Pittsburg  Coal  Measures  have  an  aggregate  thickness  of  2,000 
feet,  containing  15  i>ersistent  workable  coal  seams.  Their  outcrop  lies 
in  a  northwest  and  southeast  direction  across  the  State,  forming  a 
series  of  concentric  curves,  due  to  the  peculiar  way  in  which  the  sur- 
face lias  been  eroded.  The  Pittsburg  se.im  is  the  fifth  in  descending 
order.  It  has  been  preserved  from  ermling  effects  in  the  southern 
part  of  the  region  only.  The  author  sees  no  reason  for  disbelieving 
that  this  seam  with  its  companions  once  extended  into  Xew  York  and 
northern  Ohio,  and  even  crosse<l  Lake  Erie  and  Lake  Ontario  into 
(Canada,  and  ho  is  firmly  convinoetl  that  **  they  once  had  a  quasi-con- 
tinental outspreail." 

The  Pittsburg  seam  has  a  thickness  of  12  feet  at  Connellsville,  Penn- 


'  Lcsq..  Ik-no.  r-ual  Florm,  p.  C22. 
»  Ibid.,  p.  itlX. 

'  I^sli'v.  J.  1*. :    The  Gf ology  of  the  TittMburg  coal  rt'gioo.    Am.  Innt.  MiniDg  Eng.,  Trana.,  Voi 
14,  lii«6.  pj».  G18-(»:*C.  plaU'. 
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sylvania,  and  15  feet  at  George's  Creek,  iu  Maryland.    At  Pittsburg 
it  is  8  feet  thick,  and  its  outcrop  350  feet  above  water  level. 

The  Washington  bed,  also  in  the  Upi)er  Goal  Measures,  150  feet 
above  the  Pittsburg  seam,  has  a  thickness  in  places  of  11  feet,  its 
average  being  onl)*  3^  or  4  feet. 

In  the  Lower  Productive  Measures  occur  the  Frcei)ort  bed,  having 
an  average  thickness  of  4^  feet,  and  the  Kittauning  and  Clarion  beds. 

The  Upper  Barren  Measures  are  characterized  by  the  absence  of 
workable  coal  beds.  They  contain  17  dififereut  limestone  beds.  The 
most  persistent  is  the  Upper  Washington  limestone,  which  has  an  aver- 
age thickness  of  30  feet.  These  Measures  also  contain  a  numl)er  of 
sandstone  strativ,  varying  from  50  to  100  feet  in  thickness,  and  situated 
in  the  upper  part  of  the  series.  They  are  not  as  persistant  as  the  lime- 
stones alrea^ly  referred  to.  The  thickness  of  this  series  is  estimated  at 
about  1,100  feet. 

The  Upper  Productive  Measures  are  also  characterized  by  the  predom- 
inance of  limestone  rocks,  which  form  nearly  one-fourth  of  the  whole  se- 
ries. There  is  a  great  ilevelopment  of  sandstones  at  the  top,  forming 
the  cliffs  along  the  river  at  Waynesburg.  In  this  division  occurs  the 
Pittsburg  coal  bed. 

The  Pittsburg  Barren  Measures  have  an  average  thickness  of  GOO 
feet,  and  include  four  beds  of  massive  sandstone:  The  Connellsville 
sandstone;  the  Morgantown  sandstone,  which  is  oil-bearing  and  150 
feet  beneath  the  Pittsburg  seam,  and  50  feet  thick ;  the  Saltsburg  sand- 
stone; the  Mahoning  sandstone. 

The  limestones  occur  mainly  under  the  Pittsburg  coal  seam  and 
above  the  Connellsville  sandstone.  Two  hundred  and  fifty  feet  below 
the  former  is  the  Crinoidal  limestone,  and  100  feet  above  the  Mahoning 
sandstone  is  found  the  Black  limestone.  The  coal  of  this  division  is  of 
no  commercial  value. 

In  the  Alleghany  series  the  first  ge/Jogical  survey  recognized  but  six 
divisions,  but  the  second  geological  survey  found  it  necessary  to  sub- 
divide each  of  the  series  into  three  parts.  A  curious  feature  of  this 
series  is  that  it  contains  cannel  coal  beds. 

But  one  persistent  limestone  is  recognized  in  this  group,  designated 
as  the  Ferriferous  limestone,  which  has  been  used  ana  key  for  the  loca- 
tion of  the  oil-sand  deposits  beneath.  This  is  followed  by  the  Potts- 
ville  Conglomerate  (No.  XII),  composed  chiefly  of  three  massive  sand- 
stone subdivisons,  small  coal  seams,  and  fossiliferous  limestones;  next 
lower  is  the  Mauch  (^hunk  Red  shale  (No.  XI),  containing  the  iron  ores 
of  Uniontown  and  the  siliceous  limestone  so  well  developed  at  lUairs- 
ville  and  Trough  Creek,  Huntingdon  County,  Pennsylvania,  and  which 
to  the  south  develops  into  the  great  Subcarboniferous  limestone.  It 
also  appears  in  Ohio  and  Kentucky,  and  in  the  Mississippi  V^illey  is 
known  as  the  "  Archimedes  limestone." 

The  Mountiiin  sandstone  group  (No.  X),  Oi^curs  about  TW  Vvjj^V,  W\a^ 
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the  Pittsbnrg  be<l,  where  it  has  a  thickness  of  860  feet,  aud  in  Venango 
County  of  650  feet.  Its  equivalent  in  Ohio  and  Kentucky  is  known  as 
the  "Knobstone  formation." 

Underlying  these  rocks  is  the  oil-sand  group,  having  a  total  thick- 
ness of  .^50  feet.  The  first  oil-sand,  known  as  the  Oantz  rock,  was 
struck  at  Pittsburg,  at  1,435  feet  below  low- water  river  level,  and  has 
a  thickness  of  112  feet.  The  second  oilsand  is  called  the  Fifty-foot 
rock,  and  the  third  (the  Gordon  rock)  is  260  feet  belo^  the  Gantz  rock. 

Concerning  the  Devonian  rocks  below  the  oil-sands  little  definite 
knowledge  has  been  attained. 

Frank  A.  Hill/  in  1887,  made  the  following  remarks  about  the  cor- 
relation of  the  formation  of  the  northern  coal  tields  of  Pennsylvania : 

The  Northern  coal  fields  are  situated  chiefly  in  Luzerne,  Lackawanna,  Snsqiiebauna, 
and  part  of  Wayne  counties.  '*  The  Northern  coal  field''  consists  of  a  single  cnrved, 
crescent-shaped  basin,  with  its  concave  side  facing  northwest,  and  'Mocally  divided 
into  the  Wyoming  and  Lackawanna  valleys.  "  The  rock  series  consists,  besides  the 
coal  beds,  of  shales,  slates,  sandstones,  and  conglomerates.  The  Pottsville  conglom- 
erate above  the  coal  seams  has  an  average  thickness  of  200  feet.  The  coal  beds  are  so 
split  np  that  in  many  parts  of  the  valleys  they  bear  difl'orent  local  names,  anggest- 
ing  no  relationship  whatever.  In  fact,  so  little  is  known  concerning  the  coal  beds^ 
that  it  is  at  present  impossible  to  make  any  definite  statement  concerning  their 
identification  and  eqnivalency. 

In  1888  Mr.  J.  J.  Stevenson,  as  a  member  of  the  American  commit- 
tee, prepared  a  '*  Report  on  the  Upper  Paleozoic  (Carbonic),^  for  the 
Internationa]  Congress  of  Geologists,  which  contains  the  following 
classification  of  the  Upper  Carbonic :' 

UPPER  COAL  MRA8URKS. 

Synonyms  and  local  auhdiriaions, 

Pennsylvania,  XTTI  in  l^yJUpv^rBHrren  group  j  ^3,fto"Voup  (P^™^^". 
part,     Aloiiongaueia  >  ^y  ^  ^y^^^^^  Productive    group;    Upper    l>roductive    Coal 
Heries.  1  ^     group.' 

Virginia  and  West  Virginia.  J  ^y    >  Upper  Coal  Measures. 

Ohio Upper  Coal  Measures. 

^    ,.  {  Merome  Sandstone. 

*"*"*"^* }  Upper  Coal  Measures. 

Illinois I 

Iowa S  Upper  Coal  Measures. 

Kansas i  Pernio-Carbonic  and  Coal  Measures  in  part. 

Missouri )  ' 

Western  region Permo-Carbonic  and  Upper  Carbonic  in  part. 

Nova  Scotia Pernio  Carboui*;. 

New  Brunswick Upper  Coal  Measures. 

>  Hill.Frniik  A. :  (loolofi^y  and  raining  in  the  Northern  coal  field  of  Pt^nnaylvania.  Am.  Innt.  Mining 
EnR.,  Trans.,  Vol.,  15;  11W7  pp.  699-707. 

*  International  (JonKro8R  of  Geoloj^iHtii,  London  aefwion.  Kf^port  a  of  IheHiibconimittoea  appointed  by 
the  Americau  committee  from  itHown  membera,  aaHiHtod  by  aHHOciatt'n,  for  the  fourth  Hession  of  the  Con* 
frreaa  to  be  held  in  London,  September  17, 1888.  1).  KH]iort  of  the  subcommittee  on  the  Upper  Paleo- 
Eoio  (Carbonic).    J.  J.  Stevenson,  reporter.      Pp.  IH-D7. 
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MIDDLE  COAL  MEASI'KIES. 

Siftionym§. 

Pennsylvania.  Xlllin  part,  Alleghany  River  aerie.  \  l^^  ^Stf^^'gVnp  \  xmi 

t  XIV  }  o       «-  / 

YirgiDia^  XIII  i^^'^'*^^^  ^<*^^  Measures. 

Qi^>  }  Darrou  MoasnroH. 

^  Lower  dial  Measures  in  part. 

Indiana Ir  /i     i  >r 

Illinois  \  I^wer  Coal  Measures. 

T  On<Mle  Coal  Measures. 

" J  LowiT  Coal  Measures  in  part. 

Michif^an Coal  Measures. 

Mississippi "j 

Tl"m«r;:::::::::; :::: ::::  [t-*""!  M"""""-*  '« p"*- 

MJHSourl J 

Wi-stern  region Vpifer  Carl»onic  in  part,  Carbonic  in  part. 

Nova  Scotia i 

N«fw  iinniHwick >  Middle  Coal  formation. 

Newfoundlaud ) 

LOWKR  COAL  MRASUKRS. 

SifHonynifi  and  local  auhdiviHiomi, 

Pennsylvania,  XIl,  Soral  (^onj^lomorate,  Pottsville  Conglomerate,  Umbral  in  part. 
Virginia  and  WchI  Vir;;inia,  XII,  Quinnimont  [;roup  Lower  Coal  Measures. 
(.)liio Lower  Coul  Moasures  in  part. 

lllhiois    5  Con;;lomoratti  or  Millstone  grit. 

Michigan rurnia  Conglomerate. 

Alabama | 

Missis-sippi  !^,     i  .,  .  . 

TennesiuH. Coal  Measures  in  part. 

MisKonri J 

Nova  S(?ot  ia ) 

Nrw  JlnuiMwick Millstone  grit  formation. 

^I'ewfoundland ) 
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CHAPTER   V. 

THE    CONGLOMERATES    AND   LOWER  CARBONIFEROUS    FORMA- 
TIONS OF  THB  APPALACHIAN  PROVINCE. 

Below  tho  Penasylvania  Goal  Measure  series  there  are  several  thoa- 
sand  feet  of  Conglomerates,  sandstones  and  shales,  with  occasional 
beds  of  limestones,  and  in'looalities  showing  thin  beds  of  coal,  which 
have  been  referred  to  the  Lower  Carboniferous.  They  present  snch  dif- 
ferences in  their  stratigraphy  in  different  localities  that  considerable 
difficulty  has  been  exi>erienced  in  correlating  their  several  members. 
In  general  they  represent  the  Mississippian  series  of  the  interior,  and 
in  some  of  the  limestones  fossils  have  been  found  establishing  closer 
correlation.  But  they  rarely  show  any  marine  fossils  and  their  classi- 
fication has  been  made  almost  entirely  upon  lithologic  and  strat* 
igraphic  grounds.  The  Conglomerate  at  the  top  has  been  correlated 
with  the  Millstone  grit  and  classified  as  the  base  of  the  Coal  Measures. 
The  lower  formations  were  called  "  Umbral "  and  ^'Vespertine''  by  the 
early  geologists  of  the  Appalachian  province,  ^'Manch  Chunk"  and 
"Pocono'*  by  the  Second  Geological  Survey  of  Pennsylvania,  and 
"Greenbrier"  and  "  Pocono,"  by  Stevenson  in  1888. 

The  Second  Geological  Survey  of  Pennsylvania,  besides  the  elabora- 
tion of  the  Pennsylvania  series  of  Coal  Measures,  did  good  service  in 
differentiating  the  formations  ininieiliately  below,  which  were  called  in 
H.  D.  Rogers's  nomenclature, "  Umbral  and  Vespertine  (Nos.  XI  and  X)." 

Mr.  I.  C.  White  also  took  a  conspicuous  part  in  this  work.  He  was 
theauthorof  the  volumes  on  Lawrence  County/  on  Mercer  County,*  and 
on  Susquehanna  and  Wayne  Counties,^  on  Pike  and  Monroe  Counties,^ 
and  on  '*Tlie  Geology  of  the  Susquehanna  River  region,  in  the  six 
counties  of  Wyoming,  Lackawanna,  Luzerne,  Columbia,  Montour,  and 
Northumberland."*  In  these  volumes,  besides  the  detailed  correlations 
of  the  outcrops  of  the  several  townships,  constituting  the  bulk  of  the 
re|)orts,  there  is  the  development  of  a  systematic  classification  and 
nomenclature  for  the  geological  formations  of  the  regions  surveyed, 
which  were  chiefly  of  Lower  Carboniferous  and  Upper  Devonian  age. 


>  SeC4m«l  GiHiL  Snrv.  of  P^onflylvanla.  Kept  of  Prnt^n^s^.    Q*.  TU'port  on  Lawrence  County.  And  ape- 
cial  report  on  corrrlation  of  the  Pennsylvania  and  Ohin  ooal  hed*.     Hy  I.i\  Whit*'.  1879,  pp.336. 
«Q».  Report  on  Mercer  County.    IJy  I.  (\  White.  ls?0.  pp.  '^33. 

*(.!'.  Report  on  Sn««iaehanTia  Aud  Wayne  Comities.     Itv  LT.  Whitn.pp.  243.     lil^l. 
*(t*.  Repttrt  on  Pike  and  Monn^  Countien.     Ity  I.  C.  White.     Kiport  on  tho  IMaware  and  Lehifrh 
Water  ca|is.    By  H.  M.  Chance,  pp.  407.     1 8^2. 
*G'.  Kep<trt  on  Wyoming;.  Lackawanna.  Luzerne.  (^^lumhiJl.  Mnutour.  »n<I  Northnmberland  Coan- 
{L «»,,  tbe parts  iyi'V  oar^ide  of  the  anthracite  co3k\  AeM^t .    Uv  I. C  W  Vvvw .  w .4&A.    1^83. 
'06 
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In  Report  QQQ,  1880,  the  following  are  the  chief  members  of  the 
Conglomerate  Measures  (chapter  y)  as  they  appear  in  Mercer  County: 

Homewood  sandstone. 

Upper  Mercer  lion  Ore  shales. 

Meroer  upper  ({uiestone  (==  '*  Mahoning' 9and§i4m€f"  Kogers,  1858). 

Meroer  apper  coal  (=  lionesta  coal  of  Lawrenoe  County)* 

Meroer  slialos. 

Mercer  lower  irou  ore. 

Mercer  lower  limestoue. 

Mercer  lower  coal. 

Mercer  lower  ore  shales. 

Connoquenossing  upper  sandstone. 

Quakortown  over-shales  aud  ore. 

Qnakertown  coal  l>ed. 

Quakortown  nnder-shales  and  ore.* 

Connoquenessiog  lower  sandstone. 

Sharon  coal  riders. 

Sharon  upper  shales  and  irou  ore. 

Sharon  plant  shales. 

Sharon  coal. 

Sharon  Conglomerate.* 

In  Keport  Q^  1881,  the  Sharon  Conglomerate  is  said  to  be, 

For  the  western  and  uurthum  counties,  the  accepted  represontAtive  of  the  whole 
or  of  the  lower  part  of  the  *'  Ohio  Conglomerate.'*  In  Warren  and  Venango  Coun- 
ties it  is  known  under  the  name  of  **  Garland  Conglomerate.''  In  McKcaUi  Forest, 
Elk,  Cameron,  Clinton,  ami  Potter  Counties  it  is  known  as  the  **  Glean  Conglomer- 
ate." In  Clarion,  Butler,  Mercer,  Lawrence,  and  Heaver  rejiorts  it  is  called  the 
''Sharon  Conglomerate."  In  the  nomenclature  of  the  oil  drillers  it  is  the  ''Second 
mountain  sand."^ 

Tlio  formatioiiH  next  bolow  the  Sharon  Conglomerate  are  called  by 
Mr.  White  the  "  Subconglomerate  foruiations."* 

The  name  is  applied  to  a  series  of  deposits  underlying  the  Sharon  Con- 
glomerate in  Crawford  and  Erie  Counties,  aud  resting  on  the  Venango 
oil  sand  group. 
.  The  Subcongloincrate  is  subdivided  into  the  following,  viz : 

Feet 

Slienaugo  group 75 

Meadville  group 205 

Oil  Lake  group IG2 

The  Shenango  group  consists  of  the  following  members : 

IShenango  shale. 
Shenango  sandstone.^ 

>  "  The  Mountain  linierttone  (Unihral,  Maueh  Chunk  No.  XI)  or  IfaxviUe  limestone,  of  southom 
Ohio,  ebould  be  found  )ioro/'  p.  49. 

'Galled  "  Ohio  Conglomerate  "  in  QQ. 

•Keport  Q*,  pp.  62,63. 

*The8e  are  well  dellncd  in  cliapti^rs  vii  to  XI,  Report  Q^  1881. 

*  Thia  ia  tho  Fcrrifoi-oua  aaudHtoiio,  lU*|K>rt  QQ,  p.  95,  Huh-(jiarland  conj^lonierato  or  the  oil  repon  i-e* 
porta :  aab-Olean  conglomerate  of  Mf:K«an,  et^..,  reporta ;  ujtiKtr  I'ocono  sanilatone  (Vcapcrtiue;  JW  X; 
and  it  is  the  flat-pobble  conglomerate  flrst  recognized  us  Huch  by  Mr.  Carll  (see  p.  81) 
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The  Meadville  groap  consists  of— 

Meadville  upper  shales. 

Meadville  upper  limestoue.^ 

Meadville  lower  shales. 

Sharpsville  upper  sandstone.  « 

Meadville  lower  limestone.  • 

Sharpsville  lower  sandstone. 

Orangeville  shales. 

Tlie  Oil  Lake  group  is  correlated  with  the  Berea  grit  of  Ohio,  the 
Pitbole  Grit  of  Venango,  and  the  Pocodo  sandstone,  No.  X,  of  more 
eastern  sections  in  Pennsylvania.^    It  is  conii>osed  of  the — 

Corry  sandstone  (=  Third  Mountain  sand  of  Vuuaugo). 
Cussowago  limestone. 

Ciissewago  shales  ( =  Bedford  red  shale  formation  of  Ohio). 
CuBsewago  sandstone. 

Regarding  the  formations  below  this  there  was  still  (1881)  considera- 
ble difference  of  opinion  among  the  several  members  of  the  Second 
Survey  of  Pennsylvania.  Mr.  White,  in  Report  QQQQ,  correlated  the 
outcrops  of  Erie  and  Crawford  Counties  as  follows: 

Venantfo  oil  sand  group: 

Vonaugo  upper  sand  (first  oil  sand). 

Venango  upx>er  shale. 

Venango  middle  sandstone  (second  oil  sand). 

Venango  lower  shales. 

C  Ijo  B(LMif  conglomerate. 

Venango  lower  sandstone <  Panama  conglomerate. 

r  Third  oil  sand. 


The  author  reported  Gheiiiung  fossils  from  the  Venango  upper  sand, 
the  lower  shales,  and  the  lower  sandstone. 

The  author  correlated  the  Venango  as  "at  least  in  part  of  Chemung 
age."  Ue  had  ideutilied  Chemung  fossils  in  the  higher  Kiceville  shales.^ 
In  a  foot-note*  he  stated  that  he  was  "  disposed  to  look  ui)on  the  Venango 
(frouj)  as  Upper  Chemung,"  and  "on  account  of  the  fossils,  1  should  i)re- 
fer  to  call  these  [called  Chemung  in  the  text]  Lower  Chemung."  The 
State  geologist,  however,  objected  to  this  interpretation  and  in  the 
prefatory  letter  stated  his  objections.  The  substance  of  this  objection 
is  expressed  in  the  following  clause: 

ThuH  tlio  luiitter  stands  at  prcHent.  Gi)oh>;:U(.s  who  iiiHist  on  fossil  forms  will  call 
the  Venango  group  Upper  Chemunfj,  and  will  explain  tlm  McKeun  sections  hy  a  total 
disappearance  of  the  oil  sand  in  an  increa.sed  miissof  red  beds,  deologists  whoinsist 
up<»n  lithological  data  will  call  the  Venango  group  Catskill,  or  even  Pocono,  in  spite 
of  Clioinuiig  fossils.'' 

The  latter  course  appears  to  have  been  ]Mr,  Wliite's  preference.    Below 


>Cont4iining  foHMila  which  tho  author  concludes  iiidicato  corrclatiou  with  the  Lower  Keokuk  or  Upper 
JSurlingtou. 
«  Seo  Q»  chapter  X,  pp.  91-00.  *  Q»,  p.  97.  «  Q\  p.  117.  *  Q  *,  p.  »»• 
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the  Venango  group  iu  this  report  are  the  ^<  Middle  Devonian  rocks 
(Chenmng,  Oirard,  Portage,  No.  VIII.)"    They  are  composed  ot— 

Feet 

Chemang.... *i2^ 

Qirard  shales 225 

Portage  flags 475 

Mr.  White  considered  the  interpretation  of  the  Yeuango  group  in 
Erie  and  Crawford  Counties  as  of  great  importance.    He  said : 

This  identification  [of  the  thinl  Venango  oil-sand  with  the  LeBosaf  conglomerate] 
I  account  the  most  im^iortaut  discovery  to  which  my  survey  of  the  district  has  given 
rise.*  • 

The  importance  of  the  correlation  is  further  testified  to  by  the  State 
geologist,  J.  P.  Lesley,  who  in  his  letter  of  transmission  wrote : 

The  cost  of  this  survey  has  been  justified  merely  by  one  result  (setting  aside  the  rest), 
namely,  the  determination  by  sufficient  evidence  that  the  third  oil  sand  of  Venango 
County  is  the  quarry  rock  of  Erie  County,  and  that  this  deposit  in  crossing  Erie 
County  changes  its  character  from  a  muddy  sandstone  in  the  western  townships  to  a 
coarse  gravel  rock  esiet  of  LeBocuf  Creek,  becoming  the  Panama  conglomerate  in  tlio 
Htato  of  New  York  ;  everywhere  charged  with  a  peculiar  group  of  fossil  shells  and 
seaweed,  and  with  i>etroleum,  which  has  evidently  resulted  from  their  decomjiosi- 
tiou.' 

The  method  of  this  determination  was  in  the  first  place  physical  and  not 
by  lossils.  The  average  dip  and  direction  of  dip  were  ascertained  by 
the  comparison  of  altitudes  of  the  third  oil  sand  in  the  numerous  wells. 
With  this  assumed  rate  of  rise  on  going  northward,  outcrops  were  iden- 
tified by  their  altitude ;  these  were  followed  from  ravine  to  ravine  or 
quarry,  and  the  rocks  in  the  quarries  were  then  defined,  their  fossils 
identifieii,  and  thus  their  position  in  the  chronologic  scale  determined. 
Although  the  same  method  wa«  practically  used  by  both  Mr.  White 
and  Mr.  Carll,  when  their  tracings  of  correlation  had  reached  Chau- 
tauqua County  the  result  was  that  Mr.  White  correlated  the  Panama 
conglomerate  with  the  third  oil  sand  of  Venango  County,  while  Mr. 
Carll  placed  it  entirely  below  his  Venango  oil  groui*. 

The  fact  seems  to  be,  as  we  review  the  records  of  the  survey,  that 
the  data  of  lithologic  character  of  rocks  and  of  thickness  of  the  deposits 
were  so  constantly  variable  that  the  "  theory  of  persistent  parallelism 
of  strata"  was  little  more  than  a  theory,  the  exceptions  to  which  were 
as  numerous  its  the  illustrations.  It  was  a  cnt-and-try  system  of 
matching  together  innumerable  sections,  miule  up  of  irregular  combi- 
nations of  shales,  sandstones,  couglomei'ates,  and  limestone  of  various 
color,  thickness,  and  texture.  Whenever  the  gaps  were  over  a  mile  or 
two  long  the  adjustment  of  the  theoretical  dip,  a  few  feet  more  or  less 
to  the  mile,  would  enable  the  parallelism  to  fit  any  particular  stratum 
in  a  given  section.  The  fiict  that  those  who  showed  evidence  of  having 
noted  the  fossils,  although  they  may  not  have  identified  them,  were 
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invariably  nearer  ri^ht  than  those  who  neglected  theniy  streiigtheus 
the  belief  that  the  fossils,  even  in  this  case,  were  the  most  valaable 
means  of  correlation. 

William  M.  Fontaine,'  in  1877,  published  some  notes  on  the  Vesper 
tine  of  the  Virginias.  The  area  occupied  by  the  Vespertine  in  the  two 
Virginias  is  limited  by  the  main  Alleghany  in  the  northern  and  middle 
l)ortioiis,  and  by  Peter's  and  East  River  Mountains  in  the  soathem 
portion.  The  Vespertine  rocks  compose  the  middle  portion  of  the  main 
Alleghany  from  the  Potomac  to  Pocahontas  County.  The  author  gives 
an  (iccount  of  the  structure  of  the  country  and  the  geographical  distri- 
bution of  the  Vespertine  strata,  sis  well  as  that  of  the  underlying  rocks, 
showing  great  distortion  of  the  rocks  and  numerous  faults.  Two  of  the 
dotiiched  belts  of  Vespertine  east  of  the  limit  mentioned  are  spoken  of 
in  detail,  the  first  occurring  on  the  east  flank  of  the  Alleghany'  Moun- 
tains, near  White  Sulphur  Springs,  containing  coal  strata  and  plant  im- 
luessions,  and  showing  the  strata  lying  immediately  above  the  Chemung, 
with  the  junction  of  this  last  with  the  lower  portion  of  the  Vespertine; 
the  second  belt  more  important  and  extended,  about  thirty  miles  east 
of  the  liust,  commencing  in  the  northern  part  of  Virginia,  in  Berkeley 
County,  and  extending  south  through  the  State.  In  the  northern  and 
middle  portions  the  coal-bearing  member  of  the  Vespertine  lies  under 
tlie  inverted  massive  sandstones  of  the  lower  member,  and  is  found  on 
the  west  side  of  the  mountain,  while  in  the  southern  part  of  the  State, 
where  the  Vespertine  strata  are  not  inverted,  the  coal-bearing  member 
lies  on  the  southeastern  face  of  the  mountain.  As  all  the  strata,  in- 
cluding the  coals,  thick(>n  to  the  eastward,  the  Vespertine  coal  field  must 
have  t^xtended  nmcli  I'liitlier  in  that  direction  than  any  remnant  now  to 
be  si'cn,  the  belt  of  country  over  which  well  defined  coal  beds  were 
foniKMl  beiu;^^  more  than  30()  miles  long  and  50  wide. 

The  author  considers  the  most  natural  upper  boundary  of  the  Ve8i>er- 
tiiie  in  the  Virginias  to  be  the  base  of  the  "  Lewisburg  limestone"  (p.  43), 
which  lie  correlates  with  the  St.  Louis  and  ('hester  groups  (p.  44). 

The  ^'csl»e^tille  strata  on  (Jrecnbrier  Kiver  are  described,  the  red 
upiKT  iiicnibcr  attaiMin«,^  a  thickness  of  250  feet,  but  thinning  out  to  the 
north ;  the  iiiiihlle  member,  200  feel  thick,  having  about  70  feet  at  the 
top  ol"  bluish  ;i;ray  sandstone  overlying  40  feet  of  thinly  bedded  gray 
Hags,  with  fully  50  thin  strings  of  carbonaceous  matter  distributed 
throu^^h  iheni,  but  with  a  considerable  coal  bed  a  little  farther  north. 
Above  (his  cjirbonjiceous  portion  are  120  feet  of  firm  gray  and  brownish 
sandstones,  and  then  10  feet  of  very  tlaggy,  gray,  soft  sandstones  and 
shales,  with  some  layers  of  fissile  black  shale  containing  indistinct 
vegetable  impressions,  mostly  leaves  of  Lepidodendra.  At  the  base  are 
20  feet  of  dark  •,nay,  comi)act,  fine-grained  san<lstone. 

At  Ijewis  tunnel  the  base  of  the  Vespertine  shows  a  rock  not  brought 
up  at  (ireeubrier  lilvvr;  a  white,  pebbly,  highly  siliceous  sandstone,  60 

'J-onhijiw,  William  M.    NnfrM  on  tlio  V..^i)ettiiie  attata  of  Virpuia  ami  West  Virijinla.    Am  Jour 
*t7.,  A/  «,r.,  7*77,  vol.  IJ, pp.  37-4d,  115-r^3. 
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feet  in  thickness,  and  one  of  the  most  persistent  and  characteristic 
members  of  the  Vespertine.  With  this  slionld  probably  be  counted  5(K) 
feet  of  underlying,  more  argillaceous  flags,  giving  a  total  of  560  feet 
for  the  lower  member  of  the  strata  in  this  section.  The  middle  mem- 
ber, 350  feet  thick,  is  characterized  by  the  predominance  of  gray  sand- 
stones containing  coal.  The  npi)er  member  consists  almost  entirely  of 
red  marlites,  with  a  thickness  of  about  250  feet,  giving  the  group  a  to- 
tal thickness  of  1,1(30  feet.  Although  the  author  does  not  altogether 
agree  with  Prof.  l^)gers  in  his  measurements,  he  thinks  that  they  show 
a  considerable  thickening  of  the  red  overlying  strata  to  the  south. 

In  Augusta  County  there  is  great  contortion  and  disturbance  of  the 
strata.  To  the  west  of  this  they  have  suffered  much  from  erosion,  and 
show  only  the  lower  and  middle  members.  The  Vespertine  of  Mont- 
gomery County  is  treated  at  great  length.  The  two  areas  of  Brush 
Mountain  and  Price's  Mountain,  separated  from  each  other  by  a  nar- 
row belt  of  Lower  Silurian  limestone,  are  described,  and  a  detailed  sec- 
tion of  the  lower  aud  middle  members  of  the  series  exposed  at  Brush 
Mountain  is  given.  The  lower  member  shows  a  thickness  of  1)30  feet, 
and  the  middle  member  is  670  feet  thick,  but  the  upper  red  member  is 
much  better  displayed  at  Price's  Mountain,  where  it  has  a  thickness  of 
1,090  feet. 

The  conclusion  drawn  by  the  author  from  the  facts  stated  is  <'  that 
there  has  been  a  very  marked  thickening  of  the  Vespertine  as  we  pro- 
ceed from  north  to  south  through  the  State,  accompanied  by  an  incrciise 
in  the  amount  of  coal  contained  in  it.  This  increase  seems  to  be  largely 
at  the  expense  of  the  supposed  Catskill  beds.  It  is  in  conformity  ^Yith 
a  law  of  increase  which  holds  good  for  all  the  strata  from  the  Devonian 
to,  aud  including,  the  Lower  Barren  Measures  of  the  Upper  Coals."* 

But  few  species  of  plants  were  found,  but  these  were  marked  by  the 
great  number  of  individuals  exhibited.  The  most  important  were  forms 
of  Lepidodendronj  ralwopteriH^  and  TrqfhylloptcriSj  and  one  specimen  of 
Neurapteris. 

In  1878,'  C.  A.  Ashburner,  reported  the  following  section  across  south- 
ern Huntingdon  County.^ 

Foot 

XIII.  Carl)oniforoii8,  Lower  Prwliictive  Co  a1  MrnAiircs,  Alloghauy  Rivor  8oric8  *ir>6 

XII.  PottHvillo  Coiigloinonito  (=  ^k^ral  Coiiglonierato) )iti{) 

XI.  Maiicli  Chunk  (Uiiibral)  re<l  slialo  and  Mountain  limoHt-ouu 

XIo.  Upper  Manch  Chunk  Bhales  aud  8aiHlstono8 910 

XI6.  Mountuiu  limoHtouu 49 

("Lewisbnr^  Hniestouo  "  of  the  Greenlirior  region  in  Virj^hiia; 
St.  Louis  and  Cheater  linieiitono  of  the  MiHsissippi  Valley.) 

XIa.  Lower  Mhales  and  saudii tones 1 11 

"P.122. 

'Oeol.  Survey  of  IVnn^ylvaiiia,  Report  of  Progrefl«,  P :  Report  on  the  Juniata  Kivor  distrirt  in  Mif- 
flin, Suydi-r,  »nil   Iliintin^iliin  CtMiiitit'rt.  by  J.  H.  l)ew«*«*H;  anil  on  tlm  An^livrick  Vulit-y  and  Kuat 
Brofld  Top  region,  in  I[niit.iii>;di>n  Citiinty,  by  C.  A.  A«»Ubiiruur,  1878,  pp.  305. 
■Report  of  rro;;nMs,  F.  pp.  184-llGO. 

Bull.  80 8 
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X.  PocoDo  (Vesperline)  saudstono. 

roap 610' 

•no 

2,133 


Xd.  Upper  ^ray  saudHtoue  groap 610' 

Xo.   Nf^w  Uiver  coal  sorius 313 


Xb.  Middle  Congloinorato  i^roiip 3H0 

Xa.  Lower  greeii  NaiidstoDu  group 830 

IX.  Catskill  (Poneat)  Old  Ked  saudstono. 

VIII.  Lower  Devouian  iiorios. 

viiT    Tk    ni.^.».,»»    $  6  Transit  ion  bmU 90 

Vm.  D.  Chemung.  J  ^  Olive  (Vergent)  shales 860 

VIIL  C.  Portage  (Vorgeut  Hags) 1,450 

(  G  (f(;ueHsee(Cik<]ent,npi»er) slates :^/5 

VIIL  B.   Haniiltou.*?  b  Hamilton's  Cadeut  shale 6:^ 

(  a  MarceIlus(Cadont,  lower)  black  slate 875 

VIIL  A.   Upper  Helderberg  Coruiferons  (Postiueiidiau)  limestone  ..         60 

VII.  Oriskany  (Meridian)  sandstone. 58 

Etc.  Dirougli  the  Lower  Paleozoic. 

In  1880  Mr.  Aslibiiruer  com]>leted  aud  published  his  rei>ort^  on  the 
geoloi^y  of  McKeau  County.  During  the  reconnoissanee  survey  in  187G 
he  had  collected  a  large  number  of  fossil  specimens.  lie  was  unable 
to  arrive  at  any  ^^satisfactory  conclusions  as  to  a  systematic  division 
of  the  strata."  He  **  finally  decided  to  group  the  strata  by  a  study  of 
their  lithology,  and  on  this  basis  to  seek  to  make  a  connection  with 
sections  in  those  portions  of  the  State  where  the  structure  had  been 
clearly  defined."^  As  a  result  of  his  studies  he  iHiblishod,  as  one  of 
the  sheets,  Plate  xi.^ 

During  the  construction  of  this  sheet  he  indicated  the  groups  of 
rocks  by  letters  "  A,  B,  C"  After  it  was  finished  he  determined,  by 
coin])arison  with  the  sections  of  adjoining  counties,  the  correlations,  and 
the  highest,  A,  be  called  "Pocouo,"  B  **Oatskili,"  and  C  "Chemung." 

In  this  report  the  Olean  Conglomerate  foriniMl  the  conspicuous  base 
of  the  Pottsville  Conglomerate  series,  or  No.  XII  of  the  old  chissifica- 
tion.  This  was,  for  Ashburner,  the  base  of  the  Coal  Measures  and  was 
the  e<iuivalent  of  the  Ohio  Conglomerate.* 

Below  this  conglomerate  he  rei)orted  a  series  of  500  to  800  feet  of  rocks 
which  he  was  obliged  to  correlate  with  the  Mauch  Chunk  shajes  (XI), 
Pocono  sandstone  (X),  and  Ue<l  Catskill  (IX)  of  other  i)arts  of  the  State; 
but  the  few  I'ossils  obtained  appeared  to  him  so  mingled  and  to  range 
so  throughout  the  whole  series  that  he  could  not  subdivide  them  satis- 
factorily. Eighteen  species,  he  reported,  **  are  identical  with  charac- 
teristic Waverly  species,"  '*  seven  with  Chemung  species,"  and  he  says: 

I  am  tliorotighly  conviiucd  thai  tlicsc  kk-Ks  liol<l  a  i'aniia  >vliic'li  is  cHHOiitially  a 
unit  iiu-apal)Ie  <ii' .subdivision,  and  tbat  tbi::i  i'aiiiia  is  dtxidcdly  of  a  Subcarbonifcruus 
a;;e. '' 


'Gtool.Smvry  <»f  IN-iinsylviiniH,  KojiDrt  t»f  Pr(»i;rrs-»  It:  lioport  on  Milvrnii  (Nunity,  aiKlitHgeolujiical 
ConnectioiiH  with  (.'jiriiiTon,  Klk.Hiiil  K«»rt»st  Comilirs,  by  C.  A.  AMlibiiruer;  pi>.:{71,  1880. 

*  Itt']M»rt  of  I'ii»i:roM.s  !{.,  jmi:*'  2';);  alsn  lOO  |»;i;:«^  2'.)-. 

'A  st-rirs  of  roliiiim.ir  MnlidiiH  fuMHtriu:tni  I'lom  Minfari-  o1»«.it  v;if  inii>.  hiuI  tin'  no««nls  nf  elovon  oil 
woIIm  Hituatcd  ln'iw«'«ii  llijullord,  in  Mrlvi'un  (/ount> .  :ni<l  Kiiliiruay,  in  101k  (^Miiity.  >.)iii\\iii^  tht*  rela- 
tion oi' iln'  Kowi-r  CailiDuit'fionH  cuiil  bi-dn  to  tlio  ISrudfoid  oilpioiliu  ii  ::  ^.iut\  and  tin*  lliickiMiinj^  of 
lln-  subion:iloin<'r;ilf  nu'lvH,  J,  T.  Losloy,  State  ;;i;oloi;irtt ;  Cbad.  A.  AjjUburncr,  a:>.'>isiant  ;:(•<> I og ia t  i 
^.  ir,  SJii  iil'i'i;  uiiL 
*  h'i-pon  of  ViOi^rnAa  11,  ]>p.  j(i,  G2, 
*JOJd.,  p.  JO. 
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lu  western  Pennsylvania  the  development  of  the  oil  industry  fur- 
nished a  means  of  freological  correlation  not  before  accessible.  The  great 
number  of  oil  wells  distributed  over  large  areas  in  western  Pennsyl- 
vania (and  since  then  wells  have  been  drilled  in  almost  every  State  in 
the  Union),  where  the  records  were  preserved  and  studied,  furnished 
data  of  levels  attiiiued  by  particular  formations  under  the  surfiice. 

Mr.  John  F.  Carll,  one  of  the  geologists  of  the  second  geological  survey 
of  Penusylvaniii,  collected  these  data,  coordinated  them,  and  elaborated 
from  the  i^ecords  a  classidcation  of  the  formations.  Ilis  results  are  con- 
tained in  Reports  of  Progress  I,  II,  III,  and  III!.*  In  the  first  of  these 
reports  (L)  the  origin  of  the  name  oil  itands  is  explained.  In  the  early 
drilling  for  oil  in  Venango  County,  the  drillers,  recognizing  these  sands 
in  their  wells  in  Oil  Greek,  distinguished  them  by  the  term  oil  sandtf. 
When  the  higher  ground  was  perforated  the  sandstone  layers  su])posed 
to  lie  above  the  horizon  of  the  three  oil  sands  of  Oil  Creek  were  called 
^'  mountain  sands." 

Thus  it  came  about  that  the  series  of  shales  and  sandstones,  at  out 
350  or  400  feet  thick,  containing  the  three  petroleum-bearing  sands  of 
Oil  Creek,  Venango  County,  were  named  the  **  Petroleum  Me>isures  of 
Venango,  or  Division  of  the  Three  Sands  or  Oilsand  group,"  and  the 
rocks  above,  up  to  the  base  of  the  Conglomerate  No.  XII,  were  called 
the  "  Mountain  sand  grouj)  or  Barren  oil  meiisures." 

In  this  report  the  following  equivalences  were  proposed: 

Firab  moiuitain  saiul  ^-:  Upper  Hcrea  ^rit,  No.  X. 
Second  iiioiiiitHiu  .sand  —  Lower  Berea  gritf 

The  fact  of  tlie  conspicuous  development  of  the  three  sand  layers  in 
the  wells  of  Venango  County  suggested  the  name  "  Venango  oil-sand 
group,"  which  was  definitely  proposed  and  defended  by  Mr.  Carll  in 
his  third  report.^ 

Prof.  Lesley,  in  his  letter  of  transmission,  says  of  this  report: 

The  main  featnro  of  the  report  in  the  settlement  of  the  true  character  of  the  Venau^ 
f>il-Haud  gron]*  as  a  distinct  and  separate  deposit,  with  characteristic  marks  distiu- 
^iiisliin^  it  from  the  Paleozoic  formations  of  a  ])receding  and  a  succeeding  ^^^^j  tlie 
(litlerentiatiou  of  tlie  group  into  three  principal  and  other  Knl)ordinate  layers  of 
irravelly  sand,  boldin<;  more  or  Irss  oil  and  gas;  the  local  variability  of  these  winds; 
their  singular  persistency  beneath  lon^  and  narrow  belts  of  country ;  their  change 
into  barren  shales  elsewhere,  and  tlieir  independence  of  other  oil-bearing  suuds  and 
bliales  of  an  earlier  and  of  a  later  date/* 

Mr.  Carll  pro[)osed  the  name  "Garland  Conglomerate"  for  the  low- 
est member  of  the  Carboniferous  Conglomerate  series  in  the  part  of  the 


» 1.  Gwil.  Survciyo!"I'eiin«ylvania,  Kcjit.  of  Pio;rrortH:  I.  Kcport  on  VniuiiKo  Coiiuly,  by  J.  V.  Carll: 
the  ;;4«lo;;y  uruiiud  Waneu,  by  F.  A.  Ibiiiuall:  iioteH  on  tho  coniparativu  j;(H>loj;y  of  northeuHturu 
Obii»,  nortiiwoMti-rn  INTinsylvjiuia.  ami  \\o«tcru  Nrw  Vurk,  by  J.  I*.  Lfsb-y,  1K75.  pji.  I'JT. 

II.  llejicii  of  tiil  wi'll  n-«'i»nls  ami  Ir.vtls  iii  VfiiaiiKo,  Warrt'u,  Ciawforil,  Clai'iuii,  Arinstnui;:,  Jiiitlor, 
etc..  by  .1.  F.  (.'aril.  1^77.  p|».  ^i'-*?*. 

III,  llHport  oil  tlio  Vouaniro,  W.irnii.  Clarion,  aii«I  Btitlor  oil  rc<:loiiB,  by  J.  F.  Carll,  pp.  48J.    1880. 
nil.  ileport  on  Wan  en  Cuiinty,  by  J.  F.  Carll,  pp.  430.    1883. 

'P,  p.  I'M. 

'llept  of  Prop:ca8,  V,  pp.  vi,  vii.  ■ 
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State  studiod  by  him.'  lie  correlated  it  with  the  Olean  Conglomerate 
of  McKean  County,  the  Sharon  Conglomerate  of  Mercer  Coanty,  the 
Ohio  Conglomerate  of  Ohio,  and  the  Second  Mountain  sand  of  Uie  oil 
wcHh. 

"  Sub-Garland  sandstone  "  was  used  for  Mr.  Ashbumer's  ^^  Sub-olean" 
and  Mr.  White's  '^  Shenango  sandstone."  In  chapter  yi  the  author,  by 
the  application  of  the  methods  of  correlation  suggested  by  his  experi- 
ence with  oil  well  records,  determined  the  Panama  Conglomerate  of 
Chautauqua  County,  New  York,  first,  to  be  older  than  the  Olean  or 
Garhind  Conglomerate;  second,  to  be  neither  of  the  Venango  oil  sands; 
and  third,  to  be  of  Chemung  age  by  lying  below  the  horizon  of  the  Ve- 
nango oil  sand  group.' 

lie  pointed  out  the  important  distinction  that  the  |>ebbles  of  the  Pan- 
ama Conglomerates  are  almost  always  lentiform  or  fiat  in  shape,  while 
the  pebbles  of  the  higher  Carboniferous  Conglomerates  are  irregularly 
spheroidal.^ 

By  the  same  methods  he  argued  that  the  place  of  the  Salamanca  Con- 
glomerate is  above  the  Panama  Conglomerate.^  Again,  he  correlated 
the  '^  First  Mountain  sand"  with  the  Conoquenessing  sandstone  of 
Butler  County  and  the  Kinzua  Creek  sandstone  of  McKean  County; 
the  '^  Second  Mountiiin  sand"  is  a  synonym  for  the  Garland  Conglom- 
erate; for  the  ^' Third  Mountain  sand"  of  the  earlier  reports  of  the 
oil  men,  he  pro]>oseil  the  name  '<  Pithole  grit,"  which  he  considered 
equivalent  to  the  Berea  grit  of  Ohio.* 

Tlie  author  prepared  tlio  following  generalized  section  of  the  formation 
from  the  Upper  Barren  Coal  series  of  (Greene  County,  Pennsylvania, 
down  to  tlie  Corniferous  limestone,  wliicli  will  show  his  interpretation 
of  the  series  as  the  result  of  a  detailed  study  of  oil  well  i*ecords  :* 

Feet. 

I  UplH^^  Harn*n  Coal  MtMisiiroH,  ]i. 

.    )          Grecuo  County  i^ronp,  from  top  to  Waaliington  upper  limostone...  {MM 

'i  Upper  IJjirron  Coal  MoaNurcH,  A. 

(         WaHliin^tou  County  ^^^"IS  t^^Ltendiujr  to  Waynt?Hl»urg  sandstone..  350 

i3.  Upper  rioductivc  (-ojil  MeuHureH,  to  base  ofl'ittHbur^  eoal 475 

'X  J.ower  IJarren  Coal  Measunin,  to  top  of  Malionin^  sandstone 500 

•1.  LowiT  rroductive  Coal  Measures,  to  top  of  Coni^lonierate  No.  XII 400 

r».  Mountain  Sand  series,  to  base  of  01ean-(iarland-Obio  Congbmierate....  ^375 

0.  Crawford  Hbales.  to  top  of  Venango  Oil  ^roup -f450 

7.  Vrnango  Oil   jjroup,   from    top  of  ''First  (.)il  Sand"  to  Inittom  of  the 

"Third  Oil  Sand" ^3:»0 

S.  Interval  between  the  Venau;;o  Oil  group  and  thr  Warron  Oil  group ±30<» 

9.  Warren  Oil  group 300 

10.  Interval 400 

11.  '*  Bradford  Third  Sand" 20  to  80 

ri.  Interval  between  the  Bradford  "Third  Sand"  and  the  Corniferous  lime 

stono,  coninieneing  in  the  (-hemung  and  ineluding  the  I'ortago  and 

Hamilt(m  groups  of  the  New  York  (ieologieal  Survey 1,600 

13.  Corniferous  limestone 

^llmi.,  IK  8'J,  uml  rhapJ*  T  ^.  j».  'Jl.  *•  Vv^vl.  nf  riOfjn'f*rt,  II  I,  pp.  156-lCi. 
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Mr.  Garll  farther  discussed  the  Oonglomerates  iu  his  report  on  War- 
ren County.^ 

The  Pottsville  GoDglomerate  No.  12  was  subdivided  into  upper,  mid- 
dle, and  lower  beds,  called  '^  Johnson's  Bun  rocks,"  '^  Kinzua  Creek  sand- 
stone," and  <<  Olean  Couglomerate." 

He  correlated  these  with  ^'Homewood  sandstone,"  ^'Oouoquenessing 
sandstone,"  and  << Sharon  Conglomerate"  of  the  reports  Q,  Q',  Q**,  aud 
Q^  And  he  proposed  to  drop  the  name  ^'  Garland  Conglomerate  "  as  a 
synonym  for  the  Olean  Conglomerate  of  Mr.  Ashburner^s  report  on 
McKean  County.^ 

In  the  chapter  on  the  Panama  Conglomerate  Mr.  Carll  defended  his 
former  opinion  that  the  Panama  Conglomerate  is  not  equivalent  to  any 
member  of  the  Venango  group  but  stratigraphically  is  below  it,  against 
the  view  published  by  Mr.  White  in  Q^,  that  the  Panama  represents 
the  Third  oil  sand  of  the  Venango  oil  group.  Mr.  White  claimed  the 
equivalency  upon  evidence  of  fossils.  Mr.  Carll  objected  to  the  recog- 
nition of  the  Venango  group  as  Chemung,  on  account  of  the  absence  of 
any  Chemung  fossils  in  any  of  the  members  of  that  group  as  seen  in 
the  Venango  County  sections.^  Mr.  Curll's  method  was  based  upon 
the  theory  of  the  persistent  parallelism  of  strata.  While  for  short  dis- 
tances and  in  certain  directions  no  doubt  the  dominsiut  character  of  the 
strata  could  be  traced,  often  this  theory'  utterly  failed  him,  as  he  con- 
fessed in  a  foot-note  on  page  205,  where,  discussing  the  relations  of 
the  sub-Oleau  and  Salamanca  Conglomerate  across  Warren  County, 
he  says:^ 

Sometimes  no  trace  of  the  particular  sand  rock  songht  for  could  1)6  found  in  proper 
place,  and  instead  of  it  other  maHsive  pebbly  strata  would  obtrude  tliomselves,  100 
feet  too  hij^h  or  100  feet  too  low  to  At  inlo  the  ,'plaocs  whore,  according  to  our  theory 
of  persistent  parallelism  of  strata,  they  ought  to  belong. 

In  report  V  ^  Mr.  Chance  discusses  the  *'  geology  of  northern  Butler 
and  parts  of  Beaver,  Lawrence,  and  Mercer  Counties."  Aside  from  the 
detailed  geology  the  most  important  contribution  toward  the  develop- 
ment of  the  cliusHillcatiou  of  the  Pennsylvania  rocks  was  his  analysis  of 
the  Coal  Measure  Conglomerate,  No.  XLl.  Tbe  following  table  exhib- 
its it:' 

r  Honiewoo<l  Sandstone. 

Coal  Measure  Conglomerate,  No.  XII.  J  Jf®'"''*'"'  «"*"»!'  ^^*^**-  ,  , 

-Beaver  Kivor  seriM  1  Ctmoquenessing  group,  sandstone. 

-uca\  er  Ki\  or  series.  Sharon  group,  coal  and  shales. 

l^Ohio  Conglomerate. 


» Rcpt.  of  Proftreua  1«,  1883. 

>IbliI.,p.  185. 

'Ibid.,  p.  195,  ct  8e<]. 

« Ibid.,  II.  2(Ki,  foot-note. 

'Geol.  Survey  of  Peunsylvania,  Report  of  Pro^reiM  V.  Report  on  northern  Bailor  Connty;  and 
(Part  2)  8ptK;ial  no|>ort  uu  Ibo  Beaver  and  Sbenango  River  Cool  Meosurea,  by  U.  M.  Chance.  1870, 
pp.  248. 

•Ibid.,  p.  188. 
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Anotlior  tabic  shows  the  difference  between  his  interpretation  and 
tliat  of  Mr.  Carll : 

Foet 

If  OHIO  wood  SandHtone tSO^  No.XII,  according  to  Mr.  Chance. 

Mercer  groap 30  I  Feet. 

Coiinoqiiencstting  i^ronp ir)5>!;^  "j 

Sharon  C<m«loniVrate  (Oh io  Co^^^^^^  'V.     40}  [ *^  ^f^*'  ^I^SiJ^njJi^^^' 

Sharon  upplJr  shales 30^  j  mg  to  Mr.  Carll. 

Sharon  upper  sandstone 15ll70  J 

Sharon  middle  shales 75  f 

Sharon  lower  sandstone 50j 

Feet. 

Crawford  upper  (Cnyahoga)  shales 135 

Berca  grit  (Third  Mountain  sand  of  oil  men,  Carll) 75 

Crawford  lower  (Bedford  red)  shales 

The  hist  three  members  of  this  tabic,  classed  together,  were  called 
<•  Crawford  shale  group''  by  J.  P.  Lesley.^ 

In  the  Keport  of  Progress,  G*,'  Mr.  H.  Martin  Chance  pablished  as 
Part  Second,  "  A  Special  Study  of  the  Carboniferous  an<l  Devonian 
strata  along  the  West  Branch  of  the  Susquehanna  Kiver.''^  At  the 
time  this  report  was  written  the  Coal  Measures  series  had  been  fairly 
well  studied, the  Conglomerate  as  a  base  wa«  established,  and  the  eastern 
section  liad  been  particularly  well  surveyed,  classified,  and  c^n)pare4l 
with  that  of  Ohio.  The  northwestern  sections  of  the  Stato  had  been 
exaniinod  and  great  diiliculties  h«ad  been  found  in  identifying  the  vari- 
ous members. 

Dr.  Newberry,  in  the  third  volume  of  the  Geology  of  Ohio,  had  re- 
l)orted  '*  that  the  Vespertine  connects  throughout  this  gap  with  the 
Waverly,  but  the  Umbral  and  Catskill  do  not  reach  Ohio." 

Mr.  Chance  says  that — 

Tho  Mauch  Chunk  red  shale,  No.  XI,  and  tho  Red  Catskill,  No.  IX,  dimini»h  in 
thirkncHH  rapidly  from  tho  Allej^lum.v  MountaiuH  woHtwaril,  so  that  in  a  few  miles  tho 
latter  entirely  disa]>poarH ;  whereas  the  Tooono  (V<*spertine,  No.  X)  thiuH  jjjradu.illy 
for  a  U'^w  miles,  then  maintains  a  nearly  constant  thickness  for  DO  miles,  when  itrap- 
idlj'  loses  its  lower  half  l>y  a  rise  in  the  ClH'ninng  lloor  at  tho  oi]-san<l  slioit»  lino 
and  a«cain  8tret<?hes  away  to  the  west,  with  a  nearly  constant  thickness,  for  1()0  miles 
or  nion». 

Anion^  other  canses  productive  of  erroneous  identifications  in  tho  northwestern 
counties,  insuflicient  ])aleontolo«^ical  data  may  be  niention«'d.  The  lines  of  deniark- 
ation  between  Subearboniferous  and  Catskill  and  between  Catskill  and  Cheninnjr 
fossil  horizons  are  not  uuiforiuly  drawn  by  paleontolo«j;ists,  and  as — from  the  condi- 
tions <*sscntial  to  the  j^rowth  of  shellfish — it  seems  certain  that  there  must  (at  some 
IKunts)  be  an  overlappinjjf  of  the  fossil  fauna  of  one  formation  into  that  above  it,  the 
Htrueturalist  vim  not  accept  nnrine8tionin<i;ly  an  identilicati(»n  supported  by  paleon- 
tolo;jjical  evidence  alone. 

Ills  correlations  are  well  expressed  in  detail  in  a  "Table  showing  the 


«  I*.   Sco  foot  nutr,  ]».'J'Jt. 

*(Jool.Siirvoy  of  Primsylvania.  lioporl  on  Olinton  (Nuinty,  by  JI.  M.  ('haurp;  incliKliii;;;  a  dcArriptton 
of  tint  Ki-novo  coal  lianiu,  liy  (;.  A.  Aahbiinier;  ami  notes  on  the  Tun>>:aiicootao  coal  huHiu,  b3'  F.  Plutt, 
pp.  18:1.  l^hO. 

»Jbhl,  pp.  71^174. 
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proposed  iiomonclatnro  of  the  Garboniforoiis  and  Devonian  rocks  of 
eastern  Pennsylvania  and  Ohio." 


Carb  --. 


Subcarb.  ^ 


KAntorn  Peniinylvaiiia.  Western  Pennnylvania.  Obie. 

XIII    Coal  Moasuros Coal  Measures .Coal  Measnres. 

XII    Coii(>lonierato Conglomerate  scries Sandstone  and  shale 

with  coals  1, 2,  «^ 
XI    Maucli  Chnnk  red 

shale Red  or  dark  shales. 

f  Upper  (gray)  Pooono  ....Cnyahoga  and  Bcrea 

I  trrit. 


f 


i 


grit. 


Devonian  < 


X    Pocono  HJHidstono  ^  Lower  (red)  Pocono=oil-  <  Bedfonl  shale. 

I  Cleveland  shale. 


V     sand  group. 
IX    Catskill Absent 


'Chemung Cliemung        )  y 

Portftj»e Port.age.  > ) 

Hamilton Hamilton  (f)  )  * 


.Absent. 

Erie  shales. 
Huron  shales. 


Iviii^ 

I  Corniforous    lime*  Corniferons Comiforons   lime- 

(^    stone.  stone. 

In  order  to  explain  the  difficulties  in  correlating:  the  deposits  below 
the  g^reat  Conglomerate,  Ko.  XII,  Mr.  Chance  assumed  that  there  was 
a  basin  during  the  deposition  of  the  Catskill  rocks,  the  western  limits 
of  which  swept  approximately  through  Potter,  Cimeron,  Elk,  Jeffer- 
son, Armstrong,  and  Westmoreland  Counties;  that  along  this  line,  or 
somewhat  westward  of  it,  a  sudden  rising  into  shallow  water,  or  to 
shore  lino  conditions,  prevailed  in  the  Catskill  and  Pocono  time.  This 
explains,  as  he  thinks,  the  accumulation  of  oil-sands  along  such  a  shal- 
low bottom,  while  further  out  the  Catskill  deposits  were  forming.* 

Mr.  Stevenson,^  in  1887,  presented  some  new  views  regarding  the  cor- 
relation of  the  Umbral  and  Vespertine  in  the  southern  extension  of  the 
Appalachian  province.  lie  stated  that  Prof.  Roger's  division  of  the 
Lower  Carboniferous  into  Umbral  and  Vespertine,  seems  correct  for 
the  eastern  side  of  the  Appalachian  area,  but  in  southern  Pennsylvania 
and  Virginia  there  are  variations  worthy  of  study. 

The  Umbral  deposits  in  Pennsylvania  consist  of  red  shales  and  shaly 
sandstones,  and  were  afterwani  called  by  Prof.  Tjcsley  the  "  Mauch 
Chunk." 

Tlie  limestones  first  noticed  in  Maryland  increase  rapidly  in  thick- 
ness westward!  V. 

t. 

The  Vespertine  consists  of  sandstone  and  shales,  with  occnsional  coal 
seams,  and  varies  in  thickness  from  1,300  feet  in  Ifuntingdon  County 
to  400  feet  in  Fayette  County. 

Owing  to  the  faulted  condition  of  the  rocks  in  southweijt  Virginia, 
good  sections  of  Lower  Carboniferous  rocks  are  shown  from  the  Ten- 
nessee line  to  (xiles  County.  The  rocks  do  not  change  materially  until 
we  conK>  within  75  miles  of  the  Tennessee  line.  In  this  direction  the 
VesiMU'tine  thins  out  more  rapidly  than  the  Umbral  rocks,  which  in 
Pnlnski  and  Bland  Counties  contain  streaks  of  eoal.    In  Smyth  County, 


'A  iliii;;r:iiii  in  uivi*n  illiiRt rating  tluH  vi«»'w  on  p.  114  of  tlio  Keport. 

'^  Sti'V4Mis<iii.  J.  J.:    Niih>rt  oil  tlio  l«')\viT  (/iirlioiiiri'1'oiiH  KmiiDH  along  tliA  easterly  niilo  of  tlin  Appa« 
Ucliiiui  aien  in  rcnii.sylvtiiiiu  iiiiil  the  Vir)i;iniart.     Am.  Jour.  8oi.,3U  sor.,  vol.  34, 1887,  pp.  37-44. 
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the  IJ rubral,  as  well  as  the  Vespertine,  is  scarcely  noticeable^  while  the 
increasing  limestones  form  the  most  important  feature. 

Tlio  irmbral  of  Pouusylvania,  Maryland,  and  the  Virginias  is  eqaivaleiit  to  the 
ChcHtcr  and  St.  Louis  groups  of  the  Mississippi  Valley,  and  it  may  inelnde  the  Keo- 
kuk ;  wLilo  in  the  Vespertine  must  be  sooght  the  equivalents  of  the  Burlington,  and 
])OH.sibIy  of  the  Kindorbook. 

In  1838  Mr.  Stevenson,  as  one  of  the  members  of  the  American  com- 
mittee, prepared  a  report  on  the  Upper  Paleozoic  (Garbonic)  for  the 
International  Congress  of  Geologists.  In  this  report  the  classification 
and  synonomy  of  the  Lower  Garbonic  is  given  as  follows:^ 

GREKNBRIER. 

Synonyms  and  local  Buhdivisions, 

Pennsylvania  XI,  Umbral,  most  of ;  Mauch  Chunk,  most  of;  Shenango  shale  t 

ni.i^       ^  MaxvilJo  limestone..  Kv«^^«i«  ««yv«,*  ;»  ,vi>.^ 
^^^«  ■  -  -  i  Logan  series \  Waverly  group,  in  part. 

Vir^riiiia  XI Greenbrier  group. 

TeiiiieHHco..  ?  J  Mountain  limestone. 

Alabama...  ) )  Siliceous  group. 

I ndiaiia Mountain  limcHtoue. 

S,r-]  f  Chester  Kronp. 

}""  "'" ■  ■■■> <  St.  Louis  group. 

MiHsonVr::  J  [Keok»k  group. 

Nova  Siroti.i ) 

New  HniuMwick..  >  Windsor  group. 
Newfoundland...  S 


POCONO. 

Synonyms  and  local  suhdivisions, 

i  Shenango  group. 

Poijusylvania  X,  Vespertine,  Pocono <  Meadville  group. 

(  Oil  Creek  group,  in  part. 

Virginia  X New  Kivor  series. 

{Cuyahoga  shale. 
Herea  sliale  and  grit. 
Kodford  Bbale. 
Cleveland  shale. 

Al'ibaiu'i*  s Absent,  or  represented  by  the  lowest  l)ed8  of  the  Siliceous  group. 

Iiuliana Knobstouo  group,  in  part. 

Illinois Burlington  group. 

Iowa Kinderhook  group. 

Mirhi.r..u  J  Michigan  salt  group. 

^^'^'*'^'"^ }  Marshall  group. 

New  York Upper  part  of  the  Catski  11  gray  sandstones. 

Nova  Scotia Horton  series. 

KaHtern  Quebec Bouaventure  series. 


» See  Report,  D,  pp.  7,  & 


OHAPTER    VI. 

THE  CHEMUNG-CATSKILL  PROBLEM:  THE  HISTORY  OF  THE  DIS- 
CUSSIONS CONCERNING  THE  CORRELATION  OF  THE  CHEMUNG 
AND  CATSKILL  FORMATIONS  IN  THE  NORTHERN  PART  OF  THE 
APPALACHIAN  PROVINCE. 

In  tlie  year  1862  the  discovery  by  Mr.  J.  M.  Way,  in  the  rocks  of 
Franklin,  Delaware  County,  New  York,  of  tish  bones,  in  association 
with  Chemung  fossils,  raised  doubt  sis  to  the  validity  of  the  correlation 
of  the  deposits.  The  rocks  had  previously  been  considered  as  Catskill, 
or  Old  lied  sandstone.  The  fish  remains  discovered  were  re^rarded  as 
characteristic  fossils  of  the  Catskill  group.  The  marine  fossils  found 
in  the  same  rocks  had  been  regarded  ^is  typical  Chemung  fossils. 

Col.  E.  Jewett,  then  curator  of  the  State  Museum  at  Albany,  am- 
nouuced  that  "  From  my  investigations  I  believe  there  is  no  Old  lied 
sandstone  In  this  State." ^  The  letter  communicating  this  determina- 
tion was  dated  "  Albany,  September  20,  1802." 

The  same  facts  led  Mr.  James  Hall  to  the  following  judgment: 

Luto  iiivcsti^.'itiuns,  cnmlniiod  with  thoHO  heretofore  ina4lo,  have  forced  upon  me 
the  conviction  that  the  creator  part  of  tiic  area  colored  on  the  geological  map  of  New 
York  as  CaisllU  group,  is  in  fact  occupied  by  the  Portage  and  Chemung.'' 

Again — 

Until  wo  ascend  the  alopoH  of  the  ('atskill  Mountains  and  rit4e  to  an  elevation  of  at 
least  2,()(X)  feet  above  tide  water,  we  iind  no  rocks  of  newer  age  than  the  Chemung.'-* 

And  again — 

It  now  becomes  necessary  to  restrict  the  term  Catakill  group  to  the  beds  formerly 
known  :is  x  and  xi  of  the  Pennsj'lvania  survey.-* 

This  announcement,  as  Alexander  Winchell  wrote'*  in  a  letter  to 

James  D.  Dana,  dated  December  10, 1802,  i)roduccd  "  a  sensation  among 

geologists,"  and  led  to  discussions  extending  over  a  number  of  years. 

in  this  letter  Winchell  spoke  of  Jewett's  announcement'*  of  disbelief 
in  the  existence  of  the  Catskill  group  in  the  State  of  New  York,  and 

recalled  his  own  disbelief  in  its  existence  as  a  distinct  group,  and  his 

*  All).  Jour.  Sci..  2il  Hor.,  vol.  34,  p.  418.  Also  15th  Ann.  Rop.  Stato  Cnbiuct  of  Nnt.  Hist.,  Albany, 
1862.  p.  19H. 

'On  llieCittHkill  ;;roa])  ol'  Ni*w  York,  by  Pror.  Jnmea  ITulI.  A  U'ttor  oddro.sHiMl  to  rrincipal  Daw- 
Hon.  (hitcil  Albiiny,  Octobi'r,  J8C2.    Cauuuian  Nat.  and  Jour,  of  Sci.,  novr  HoricH,  vol.  7,  p.  'Ml. 

» Ibid.,  p.  380. 

«n>id.,  p.  381. 

^Sf'C  alKO  "JanioH  ITall.  Itcinarks  on  abH»nco  of  Catskill  ^ronp  in  K«'W  York."  Albany  TnBt. 
Trans.,  vol.  4,  1hg:j,  pp.  307, 308. 

Winrholl,  Alexander,  on  tlio  id^ntifiration  of  the  Catskill  ll<*d  Samlntouo  ({roup  with  the  CiiomuDg 
(in  a  letter  to  J.  1).  Dana).    Am.  Jour.  .S4:i.,  voL  35,  186'i,  pp.  61,  02. 

*  Am.  Jour.  ScL,  vol  34,  p.  41S. 
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(loubfiS  of  the  Devonian  cbaracter  of  the  Old  Bed  sandstone  of  New 
York  wlien  he  had  previously  announced  his  conviction  of  the  equiva- 
lency of  the  Marshall  and  Chemung  groups,  and  of  their  common  Car- 
boniferous character.  Since  that  time  the  confirmation  of  his  doubts 
led  Winchell  to  include  within  the  Marshall  (Chemung)  group  the  Old 
Ked  sandstone  of  New  York. 

In  his  researches  among  the  rocks  of  this  age,  the  writer  found  an 
almost  universal  generic  identification,  establishing  fully  the  equiva- 
lency of  the  Chemung,  Marshall,  Ohio,  Kockford,  Burlington,  and 
Chouteau  strata.  He  gives  as  evidence  that  these  localities  are  all  of 
Carboniferous  age:  '<  First,  the  fact  that  of  the  135  species  now  known 
from  the  yellow  sandstones  of  Burlington  no  less  tlian  40  ascend  into 
the  base  of  the  Burlington  limestone,  while  2  rise  to  the  upper  portion 
of  it,  and  1  recurs  in  the  Coal  Measures ;  second,  the  fact  that  of  the 
known  species  of  this  horizon,  at  least  9  occur  in  the  Coal  Measures,  or 
upper  part  of  the  Carboniferous  limestone;  while  third,  multitudes  of 
H])ecies  are  clearly  the  local  representatives  of  European  and  American 
Carboniferous  types."  Mr.  Hall's  declaration  in  the  Canadian  Naturalist 
"  that  large  areas  of  the  rocks  of  New  York  hitherto  regarded  as  Che- 
mung, do  really  fall  within  the  limits  of  the  Ilamilton  group,"  is  said 
to  account  for  the  Devonian  aspect  of  some  portiotut  of  the  Chemung 
fauna,  as  heretofore  understood,  and,  Winchell  adds,  "tends  to  con- 
linn  a  broad  generalization,  and  complete  the  adjustment  of  American 
to  b]nroi)ean  Paleozoic  formations."  ^ 

Mr.  James  Hall'  in  1870  announced  that  he  had  previously  regarded 
the  so-called  "Montrose  sandstone"  (of  Pennsylvania)  and  "Oneonta 
sandstone"  of  Yanuxein  as  lying  above  the  Chemung  rocks.  The  same 
views  were  held  by  Mr.  Mather,  who  made  the  Montrose  and  Oneonta 
series  equivalent  to  the  upper  part  of  the  Catskill  rocks.  Further  ex- 
amination proved  this  conception  of  their  relations  to  be  erroneous  and 
brought  out  the  following  parallelism  of  the  groups  in  the  eastern  and 
western  parts  of  the  State: 


01«l  Ked  .s.'iiulstoiio  of  Tioga,  etc.: 

l*ortii«;o  group. 
Hamilton  group. 


Catfikill  Mountain  sandstone: 
Cliemnng  group. 
Oneonta  group. 
Ilamilton  group. 


The  Oneonta  sandstone  does  not  occur  in  the  central  part  of  the  State, 
and  its  wostorn  extension  has  not  been  traced  beyond  Chenango  County. 

In  1875  Mr.  Hall  ^  again  referred  to  the  age  of  the  Catskill  formation. 

In  1870  it  was  the  prevalent  oi)inion  that,  contrary  to  the  author's 
.statementii,  the  Old  Ked  sandstone  did  not  exist  in  New  York  State. 


>  Kt'ganling  the  (Iwvclnpiuent  of  Wincholl'H  viows  on  tlui  correlations  hero  announce<l,  Bee  the  chapter 
on  the  Waverly  l*robh*nK 

'Hall,  JaiiiO}*:   On  the  relations  of  the  Onnonta  Sandntono  and  Montrose  Sandstone  of  Vauuxera 
with  the  Ilnniilton  and  Cheninn"i  ^r<»up8.     Am.  Nat.,  v«d.  4,  1S70.  ]ij).  'A)[i  r>r>r». 

^On  the  jieol«)|;y  of  tlie  aontliern  conntiesof  New  V(»rk  anil  adjac'^nt  ]»artfl  of  Pennsylvania;  eape- 
cinlly  with  rt*ft*reiir(>  to  the  a/je  and  Htrn«*ture  of  the  (.'atMkill  ^fountain  Range.    Aiu.  Asmoc,  i*roc.,  vol. 
1^4,  pt.  2, pp.  80-84;  Am.  Jour.  SvL,  3d  aer,  vol.  12,  Itflfi.  pV- iOO  iv)!. 
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Fnrtbor  oxamiDation  proved  its  existence,  as  well  as  the  occnrrenee  of 
higher  formations.  From  these  additional  facts  a  map  was  constructed, 
colored  to  represent  the  diliercnt  formations.  The  Catskills  consist,  of 
a  series  of  nearly  parallel  synclinals  and  antidinals,  with  a  soutliwest 
and  northeast  strike,  running  from  the  base  of  the  Cat«kill  range  *<  to 
the  western  limit ''  of  the  red  rocks  in  Chenango  County.  This  con- 
tinues to  the  western  part  of  the  State,  but  before  reaching  the  bound- 
ary of  western  New  York  and  Pennsylvania,  it  probably  thins  out 
entirely.  In  the  southern  part  of  New  York  State  the  synclinals  show 
traces  of  the  Coal  Measures,  while  others  are  cut  down  to  the  Chemung. 

The  author  states  the  difticulties  that  have  arisen  in  determining  the 
relation  of  the  Chemung  and  typical  Catskill.  In  some  localities  the 
Chemung  fauna  runs  above  its  apparent  horizon,  and  even  mingles 
with  Carboniferous  forms.  Tliis  fact  is  especially  important  when  we 
attempt  to  determine  the  limit  between  the  Devonian  and  Carboniferous 
formations.  In  the  section  exhibited  which  runs  across  the  Catskill 
range  from  Sehcnevus  to  Glasco,  the  Portage  and  Chemung  rocks  have 
a  thickness  of  over  2,000  feet,  the  lied  liocks  of  the  Catskill  about  3,000 
feet,  and  the  Vespertine  beds  al>out  800  feet. 

116  stated  in  18S0'  that  he  found  long  ago  that  the  Catskill  Moun- 
tains of  New  York  consist  of  Devonian  rocks  of  Chemung  and  Catskill 
eporhs,  renting  unconfonnably  on  Silurian  ro<*.ks.  Mr.  Arnold  Guyot 
in  liis  observations  foun<l  that  the  highest  points  of  this  region  were  on 
Slide  MomitJiin,  4,205  feet,  and  the  Panther,  3,828  feet  above  tide  level. 
"As  to  structure,  the  beds  show  weak  plications  whose  axes  are  parallel 
with  those  of  the  Alleghany  system,  but  the  mountain  ranges  were  at 
riglit  angles  to  the  Kystem,  or  from  northwest  to  southeast."  This 
anomaly  is  explained  by  erosion.  "The  general  level  descends  west- 
ward." 

The  work  of  the  Second  Pennsylvania  Survey  ha<l  been  conducted, 
up  to  1880,  or  up  to  the  time  of  preparing  the  reports  published  in  1880, 
on  the  plan  that  correlations  could  best  be  made  by  lithologic  and 
stratigraiiliic  means.  Fre<iuently  one  meets  with  expressions  of  lack 
of  conlidonce  in  the  evi<lcnce  otFered  by  the  fossils. 

In  the  correlation  of  the  Coal  Measures  and  as  far  down  as  theCatskili 
the  fossils  were  not  discovered  frequently  enough  to  serve  as  satisfac- 
tory means  of  correlation.  In  this  case  lithologic  character,  thickness, 
and  stratigraphic  order  were  the  data  which  by  aid  of  actual  altitude  of 
the  strata  in  individual  sections  enabled  the  geologist  to  trace  dominant 
formations  from  one  township  to  another  and  from  countj'  to  county. 
But  a^  the  work  progressed,  dift'erent  geologists  having  charge  of  groups 
of  two  or  three  counties,  the  correlations  at  the  edges  of  contiguous 
counties  were  constantly  presenting  disa^^reements. 

The  formations,  where  fossils  were  not  present  stubbornly  to  resist 

*  if  all,  James:  The  K*>iilof;f  ami  topo|;raiihy  of  tbe  Catskill  MountainA.    Am.  Nat,  vol.  14,  18tJ0, 
pp.6ri-C13.     ip. 
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false  coDclosions,  could  be  acyaBted  by  oompromise  or  by  readjilbtment 
of  nomenclatare.  In  the  case  of  fossillferoiiB  zones  the  real  dUBcnllJes 
became  more  apparent  as  the  final  adjustments  were  attempted. 

Mr.  StevensoDy^  in  1878,  said  that  the  Upper  Devonian  rooks  of  soath- 
west  Pennsylvania,  underlying  the  Vespertine  or  Poeono  sandBtonei 
are  well  exposed  in  the  gaps  of  the  Oonemaugfa  Biver  through  Laurel 
and  Ghestnnt  Bidges.  He  gave  a  general  section  of  these  roeks  as  ob- 
served in  the  gaps,  as  follows : 


1.  Shales  and  thin  gray  nndstonM 80 

8.  White  to  reddish-gray  ■andatooes  with  Bome  shale 70 

3.  Reddish-gray  mioaoeoos  sandstones  with  red  to  gray  and  olive  shales ISO 

4.  Bed  to  gray  shaly  sandstones  with  variegated  elays  and  shales 9C0 

GOO 

After  a  description  of  the  rocks,  and  a  discussion  of  their  relations, 
he  concluded  by  saying,  that,  ^'  as  the  lithological  characters  of  these 
rocks  are  much  like  those  of  the  Ohemnng,  and  their  fossils,  both 
animal  and  vegetable,  are  unquestionably  of  Chemung  age,  the  rocks 
themselves  must  be  Chemung,  probably  representing  the  Lower  Che- 
mung;"  and  that  ^^  the  great  Catskill  group  has  so  far  thinned  out  that 
it  is  represented  only  by  its  upper  or  gray  member,  the  Vespertine  of 
Pennsylvania." 

The  Pennsylvania  reports  published  in  1880  gave  little  indication  of 
the  true  nature  of  the  errors  of  correlation  of  the  Upper  Devonian.  In 
the  Report  of  Progress  G^'  the  imperfection  of  the  theory  of  ^^  persist- 
ent parallelism  of  strata"  became  evident.  The  author  classified  the 
deposits  examined  as  follows : 

Pottsville  Conglomorate,  with  8  feet  of  slate  and  sandstone  below  it  in  a  section  at 
Susquehanna  Qap. 

Mauoh  Chunk  Shale,  No.  XI,  150  feet, 

Poeono  group,  No.  X,  353  feet. 

The  Pocono-Catskill  group,  400  feet  thick  near  Loretto. 

Catskill,  No.  IX,  varying  in  thickuesa  from  1,800  to  4,500  feet.  The  base  of  the  Cats- 
kill  is  fixed  as  the  lowest  horizon  at  which  the  scales,  teeth,  and  bones  of 
Uoloptychiua  occur. 

The  Catskill-Chemnng  group,  section  between  Rupert  and  Catawissa,  1;077  feet. 
The  base  of  this  group  was  the  lowest  red  bed. 

Chemung,  near  RHi>ert,  2,443  feet  thick. 

Hamilton,  at  Little  Fishing  Creek,  made  up  as  follows : 

Feet 
Genesee  slate 275 

Tully  limestone 50 

Hamilton 400 

Marcellus  shale  ,, 410 

This  is  called  the  "  Northern  type." 

'  StevcDHon,  J.  J. :  The  Upper  Devoniau  rookR  of  southwest  Penniiylvania.    Am.  Joar.  Sci.,  3d 
ser.,  vol.  16, 1878,  pp.  423-430. 
*  The  geology  ot  the  Susfjuehaona  River  region  Id  the  six  coDoties  of  Wyoming,  Laokawaius,  La- 
Marne,  Columbim,  Montour,  and  Northnmberlaod,  by  l.C.  White,  1883. 
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The  section  below  Seliu's  Grove  is  as  follows : 

Feet. 

Genesee  slate 264 

Hauiilton  groap 2,022 

Marcelliis  slate 300 

Selin'sGrove  lower  limestone 65 

Selin's  Grove  shale 140 

505 

This  is  the  "Middle  type.^ 

The  third  or  "  Southern  tyi>e''  is  exhibited  at  a  railroad  cut  two  miles 
below  Georgetown. 

Feet 

Concealed 400 

Selin'sGrove  npper  sandHtone 300 

Selin's  Grove  sbales 325 

Selin'sGrove  lower  sandstone 100  to  50 

Marcellusf 25 

Selin's  G rove  lower  limestone ^ 75 

Gray  shales 50 

Oriskany  sandstone.  VII,  placed  in  the  Silurian  by  Mr.  White,  varying  from  40  to 
0  in  thickness. 

In  the  Oampliell's  Ledge  black  slate,  immediately  below  the  Pottsville 
Conglomerate,  sixty-three  species  of  plants  and  six  fossil  insects  were 
obtained,  a  few  of  them  suggesting  '^Subcarboniferons  types,"  but  the 
great  majority  were  of  the  coal  flora,  known  only  from  the  Pottsville 
Conglomerate.  ^ 

High  up  in  the  rocks  called  Catskill,  fossils  of  Chemung  species  were 
rei)orted,  as  Spiri/era  dvtjuticta  and  S,  mesostrialis,*  This  was  some 
three  hundred  feet  above  Holoptychuis  remains. 

Several  species  regarded  as  of  characteristic  ("hemung  age  in  New 
York  were  rei)orted  from  several  horizons  in  the  Chemung-Catskill 
group.  These,  too,  are  well  above  red  shales  which  had  been  regarded 
as  at  least  as  high  as  Catskill  formations.  In  the  Chemung,  typical 
Chemung  species  were  reported,  but  in  combinations  not  precisely  those 
commonly  seen  in  the  typical  New  York  sections.  The  "Tully"  was 
not  recognized  by  its  fauna,  but  on  account  of  resemblance  lithologi- 
cally  to  the  Tully  limestone  of  New  York.^  The  "Hamilton'^  is  iden- 
tiOed  by  typical  Hamilton  species.  Thus  is  the  '<  Oriskany  "  also  distin- 
guished. The  identification  of  species  is  credited  to  Prof.  E,  W. 
Clay  pole. 

The  rei>ort  called  out  sharp  criticism,  first  in  the  letter  of  transmis- 
sion by  the  State  geologist  who  wrote : 

The  paleontology  of  this  report  reqnires  the  closest  consideration,  and  presents 
some  ditlicnlties  of  considerable  magnitude,  I  have,  therefore,  8ubmitto<l  the  proof 
sheets  to  our  highest  authority,  Prof.  James  Hall,  of  Albany  e**    •    •    « 

Prof.  H<ill  objected  to  considering  the  Iloloptychius  bed  as  the  base 
of  the  Catskill,  because  of  the  occurrence  of  Chemung  species  higher  up. 

» Bop.  of  Prog.  G^  p.  3».  « Ibid.,  p.  57.  •  Ibid.,  p.  76.  *  \UA,,  ^,  i.vs.,» 
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To  "  the  topsyturvy  appearauce  of  the  three  species  of  Spirifera  which 
oatside  of  Peunsylvania  have  beeu  found  (1)  uever  iu  auy  but  Chemung 
rocks;  (2)  confined  each  to  its  own  horizon;  and  (3)  always  in  a  fixed 
order  from  above  downwards;"^  and  also  to  the  high  reported  range  of 
several  species.  The  objections  were  so  pointed  that  the  State  geolo- 
gist, J.  P.  Lesley,  closed  his  letter  with  the  statement  thftt  *'  the  start- 
ling fossil  species  of  this  report  will  tlierefore  be  regarded  by  the  pale- 
on  tological  reader  as  only  provisionally  vcrified^^  etc.* 

Two  tilings  about  the  report  were  out  of  the  ordinary  and  expected 
line  of  opinion.  The  author,  though  partly  recognizing  the  lithology 
as  worthy  of  consideration,  based  his  classification  of  these  '<  subcon- 
glomerate  "  rocks  on  the  evidence  of  the  fossils  and  secondly  he  classified 
the  rocks  acconllng  to  the  evidence  and  not  according  to  the  standards 
as  they  existed  in  New  York  State.  lie  was  forced  to  recognize  two 
^Hransition  "  groups  in  order  to  suit  both  kinds  of  evidence.  This  sat- 
isfied neither  the  lithologic  nor  the  paleontologic  schools  of  geologists. 

The  identification  of  fossils  may  not  have  been  accurate  in  all  cases, 
but  the  result  of  later  studies  has  clearly  shown  that  the  real  diflftculty 
was  not  in  the  identification  but  in  interpretations  which  were  brought 
out  by  the  fiicts.  The  minute  and  exhaustive  field  work  of  tlie  second 
I'enusylvania  survey  had  shown  beyond  the  possibility  of  contradiction 
that  geologic  formations  vary  within  wide  liniits  in  their  lithologic 
character  and  in  their  thickness,  and  constantly,  so  that  sections  a  few 
miles  apart  niay  present  very  little  in  common,  although  known  to  be 
stratigraphically  correlative  with  each  other.  This  had  led  to  the  full 
adoption  of  fhe  idea  that  the  parallelism  of  strata  must  be  made  by 
actual  tracing  of  the  strata  from  place  to  place,  and  that  identification 
by  lithologic  likeness  was  imj)racticable  over  any  considerable  interval 
of  space.  l*aleontologists,  however,  still  clung  to  the  theory  of  the 
strict  uniformity  of  seiinencc  in  faunas. 

The  '*  canonical"  opinion  of  the  "highest  authorities''  in  paleon- 
tology was  thai  the  order  of  sequence  iu  s[>ecies  of  fossils,  established 
by  the  facts  in  one  well  authenticated  section  of  deiK)sits,  furnished  a 
standard  tlint  could  be  imi)licitly  relied  upon  in  the  correlation  of  other 
sections.  When  it  was  reported  that  this  established  order  was  not 
l)reserved,  doubt  was  naturally  cast  upon  the  identification  of  the  fos- 
sils. 

The  Pennsylvania  geologists  did  not  seem  to  be  aware  of  the  impor- 
tance of  the  tjKits,  but  they  were  correct  and  the  error  lay  iu  the  theory 
of  the  paleontologists. 

Mr.  Claypole,  *  in  defense  of  his  statenujnts  embodied  iu  the  Pennsyl- 
vania rei>ort,  and  eritieised  by  IMr.  llidl  in  the  ])refaee  of  the  same 
volume,  ({noted  from  an  article  of  .Mr.  Williams's,  in  which  are  reeoriled 
observations  confirming  his  statements  in  llejiort  (r. 


'  Uopt.  uflYit;:.  Gl  p.  XX.  -  Il>i<l..  p.  XWl. 

^ChnjKth',  h\  \V.  :  On  r/io  vor/iral  r.iiii;*.' of  ccrluiu  tottsil  B^jccica  in  rciuibvlvuuia  auil  New  York. 
-d-m.  JSfiUuruiiat,  vol  19,  pp.  Oii-ti^fi. 
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The  principle  underlying  the  new  interpretation  of  this  problem  was 
suggested  several  years  earlier  in  a  paper  read  before  the  Ainericau 
Association  in  1881.^ 

In  this  paper  announcement  was  made  of  the  discovery  of  a  distinctly 
Hamilton  fauna,  all  the  species  of  which  had  been  heretofore  consid- 
ered as  strictly  Hamilton  species,  in  arenaceous  shales  several  hundred 
feet  above  the  Genesee  shales,  at  Ithaca,  New  York.  It  is  separated 
from  the  typical  Hamilton  fauna  by  four  distinct  faunas ;  those  of  the 
Tully  limestone,  the  Genesee  shale,  the  Spiri/era  laaviH  fauna,  called 
Portage  in  the  State  reports,  and  a  fauna  described  in  this  paper  from 
shales  overlying  the  last,  called  ''  Ithaca  shales,"  resembling  the  Gene- 
see shale  fauna,  but  evidently  a  later  stage  of  it.  This  black  shale 
was  regarded  by  the  author  as  ^'  a  single  continuous  fauua.^'    He  says : 

Ito  appearance  in  the  rocks  of  central  New  York  in  three  separate  zoniw,  called  the 
Marcellus  Hhalos,  the  Genesee  slate,  and  the  Ithaca  shales  is  re|;anled  as  evidence  uf 
interrupted  incursion  eastward  of  the  conditions  which  were  continuous  over  some 
portions  of  the  interior  of  the  Devonian  intercontinental  sea,  where  tlie  tJiree  New 
York  zones  were  represented  by  one  continuons  series  of  IHack  shales. 

The  hy^iothesis  is  also  advanced  that  (a)  the  Hamilton  and  Chemung  faunas  were 
probably  coexistent  with  this  Blaok-shale  fauna;  and  {b)  were  respectively  the 
uorthern  and  southern  faunas  of  a  western  coast  line  of  the  open  ocean  on  the  cast- 
ward  ufthis  continent ;  and  (o)  the  appearance  of  the  Chemung  fauna,  displacing  the 
Hamilton  faunas,  in  the  latitude  of  New  York  and  Pennsylvania,  was  the  resultant 
of  some  grand  changes  in  the  relations  of  the  ocean  and  continental  bonb^rs,  by 
which  tropical  conditions  of  the  ocean  were  advanced  northward,  occasioning  the 
shifting  of  the  Hamilton  faunas  toward  the  North  iH>le  ;  so  that  (we  may  suppose) 
at  the  time  when  the  Chemung  fauna  was  dominant  over  the  northeastern  Uuite<L 
Statics,  rocks  being  deposited  in  the  arctic  latitudes  received  a  Hamilton  fauna;  and 
(d)  tinally,  those  changes  were'gradual,  the  shifting  of  the  faumis  northward  beginning 
as  early  as  the  beginning  of  the  Portage  epoch,  and  continuing  far  into,  and  jieriiaps 
after  the  close  of  tlie  Chemung  epoch,  with  some  oscillation  of  the  conditions,  causing 
traces  of  the  Hamilton  to  recur  at  the  base^  and  possibly  a  second  time  higlier  up  in 
the  midHt  of  Chemung  rocks  and  faunas. 

The  fundamental  idea  inspiring  the  i)aper  was  an  application  of  con- 
ditions of  modern  biology  to  the  interpretation  of  the  fossil  fannas. 
As  in  the  present  sea^  many  faunas  are  known  to  coexist  in  the  same 
ocean  basin,  their  particular  constitution  and  characteristics  being  de- 
termined in  great  measure  by  ditterences  of  environment,  bathymetri- 
ciil  conditions,  temperature,  purity  of  water,  etc.,  so  in  the  past,  it  is 
suppovscd,  similar  diflerences  in  the  faunas  will  be  found  to  mark  deposits 
which  were  niiule  at  the  same  time,  but  under  ditl'erent  conditions. 
And  in  the  second  place  since  oscillations  are  known  to  Lave  occurred 
and  currents  are  supposed  to  have  existed  in  the  ancient  as  in  the 
modern  oceans,  according  to  the  theory  it  is  reasonable  to  expect  a 
more  or  less  constiint  change  of  the  conditions  of  environment  at  any 
particular  geographical  position,  and  conseciueutly  a  shifting  backward 
and  forward  over  it  of  the  faunas  during  the  accumulation  of  tlic  Kedi- 

■  The  Kocurrence  of  Fiiuiiaa  iu  tho  I>uvuiiiun  Itockjs  ui'  New  Yurk,  by  H.  S.  WiUiuuis.  rioc.  Am.  Asri. 
Adv.  Sci.,  ToL  30,  pp.  18G-1U1. 
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meats.  With  this  as  a  working  h y][>otUesis  the  paper  on  ^'  BecurroDce 
of  faiiTias^'  was  the  announcement  of  the  first  confirmatory  evidence 
actually  seen.  Barrande's  theory  of"  Colonies"  considered  the  laws  con- 
cerned as  exceptional ;  the  theory  of  the  recurrence  of  faunas  was  sot 
forth  as  the  formulation  of  a  genersil  law. 

Investigations  in  the  same  line  were  extended  by  the  author  west- 
ward from  the  meridian  of  Cayuga  Lake,  New  York  State,  across  the 
State,  northwestern  Pennsylvania,  and  the  esistern  part  of  Ohio.  The 
rocks  studied  were  of  Devonian  and  Lower  Carboniferous  age,  and  the 
problems  were  the  same  over  which  the  Pennsylvania  geologists  were 
struggling. 

In  1883,  Mr.  Claypole'  re[K)rted  that  the  Catskill  group  of  New  York 
had  hitherto  been  considered  as  non-fossiliferous,  and  as  separating  the 
characteristic  Devonian  and  Carboniferous  faunas.  Further  examina- 
tion, however,  proved  that  these  rocks  contained  a  scattered  fauna 
consisting  offish  and  plant  remains.  From  a  study  of  these  deposits 
in  central  Pennsylvania,  the  author  reached  the  following  conclusions: 

(1)  That  tlio  lowor  portion  of  the  Poiiont  Rod  Hatidstoiie  and  shale  (CatflkiU)  is 
loHH  barren  of  organic  reiuains  than  has  been  supposed.  (2)  That  Holoptycirras  and 
I^otbrioh^pis  aro  not  oxclusivoly  Catskill  fauna,  and  (3)  That  tlio  I'ouent  group 
ditfers  from  \v]iat  it  is  generally  understood  t^)  be,  the  contained  fossils  indicating 
that  there  aru  Chouiung  and  also  Carboniferous  faunas  inchided  in  rocks  caUed 

PoilL'Ut.'* 

Mr.  Claypole,'  during  the  same  year,  communicated  several  other 
pai>crft  bearing  more  or  less  ujwn  the  general  discussion. 

in  the  same  year  (1883)  in  which  Report  G^  of  the  second  geological 
survey  of  Pennsylvania  appeared,  the  manuscript  of  Bulletin  3  of  the 
[J.  S.  Geological  Survey  '  was  furnished,  though  not  published  till  the 
following  year. 

The  bulletin  is  a  rojmrt  u])on  the  constitution,  the  order,  and  relative 
position  of  the  fossil  faunas  in  a  continuous  section  of  the  rocks,  from 
the  Genesee  shales  through  the  Upper  Devonian  to  the  first  appearance 
of  a  coal  bed  at  the  Barclay  coal  mines  in  southern  Bradford  County, 
Pennsvlvania. 


'  (.'lav poll',  K.  \V. :  On  tlio  on-uivuco  of  fofl«ilifi-rou.H  ntruta  in  the  Lower  Poncut  (Caitskill)  j^roup  of 
in'nhlle  IN  niisvlvaniji.     Am.  Nat.,  voL  17, 18KI,  pp.  274-282. 

>llii(l.,p.2S2. 

^('hijiH»li\  K.  \V. :  Note  on  tho  occurrence  of  IIoloptychiuM  alioiit  r»lHI  feet  Im«1ow  the  recojjnized  top 
of  till!  (Mh'iiiuii<:  ;iroui),  in  Bra«lford  ( -oiintv.     Proc.  Am.  I'liil.  Soi-.,  vol.  2o.  isHll,  p.  Wl, 

On  a  nias.s  of  (-at.skill  roiks,  Hn]i])osi'(I  to  «'xi«t  on  the  north  hank  of  Towamla  Crrek,  near  Frauklin. 
rnK'.  Am.  Vh\\.  Sue.,  \  ul.  2<).  isXlJ.  ]>]..  531  b'Mi,  ry.;:*. 

On  tv\o  r*mall  ]i:it(  hm  of  <'»t.'^ill,  H'pn*.m-nted  near  Leroy,  on  the  map  in  reiK>rtG,  of  the  second  geol. 
survey  of  I'enn.sylviiniii.     rruc.  Am.  I'hil.  Soe.,  vol.  20,  l.^.-iU,  pi>  [tX\  .'»34. 

On  thn  KiuiiMmill  whit*'  Hjuulstdni-.     Am.  Phil.  Soc,  Pnu..   vol.  20,  1^8:{.  pp.  600-677. 

On  the  equiNalrnt  of  the  Ni^w  York  PoiuiKe,  in  Perry  County,  miihlle  I'ennHvlvania.  Am.  Phil.  Soc* 
Pi-oc,  vol.  21.  IhSli,  PI).  2r)0  2.V.. 

On  a  larjje  rniiitari'an  from  the  raJsWll  ;:roiip  of  I*i>nn>..\  Ivatii:i.     Am.  As-i.  Proc,  vol.32.  ISKi,  p.  265. 

*0n  the  fo.s.'^il  faiinaM  of  tlir  Uppi-r  hrvonian  iilon^  tin-  mni'liaii  of  70  :!0  ,  fiom  Tompkin.s  County, 
New  York,  to  Mradfonl  (Vmnty,  INMuisylvania,  hy  Heiiiy  S.  \Villiam8. 

A  uotieo  of  the  ;;eneral  n-sult'*.  iMnhmlird  in  thi-  Imlli-tin.  appeaml  in  St'ience,  Deoemher  28, 1883. 
(Cotnpurativv  I'Hh'outolo};y  of  i\n>  l>evonian  formation.s,  Science,  vol.2,  p. 836.) 
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The  oonsecntive  faaoas  were  also  ezaiuiued  particularly  as  to  condi- 
tions of  euvironmeut  with  which  they  were  originally  associated,  as  indi- 
cated by  the  lithologic  character  of  the  deposits.  The  scope  of  the 
work  may  be  indicated  by  the  following  quotations : 

The  aggregation  of  species  into  faunas,  the  blending  of  one  fauna  with  another,  the 
rarity  or  abnmlance  of  particular  species,  variation  in  form  or  size  or  modification  of 
specitic  characters,  the  extinction  of  old  and  the  initiation  of  new  forms— all  these 
become  the  most  delicate  tests  of  change  in  the  phyHical  conditions,  the  record  of 
which  constitutes  the  geolo<;icul  history  of  the  earth. 

For  the  correct  solution  of  this  problem  the  laws  of  geographical  distribution  form 
as  important  an  element  as  geological  scqncnce.  The  attempt  to  apply  hucIi  principles 
to  the  study  of  the  Devonian  and  Suboarboniferons  deposits  is  no  uiniple  task,  but 
the  very  fact  that  their  faunas  otter  so  {^eat  variation  and  ditterenco  in  their  combi- 
nations makes  this  series  particularly  attractive  for  the  purpose.' 

These  facts  make  it  plain  that  over  any  particular  area  the  fauniM  shifted  back  and 
forth  with  the  advance  of  geological  time.  Hence  I  was  led  to  the  Himple  conception 
of  a  fauna  as  continuing  on  intact  as  long  as  the  favorable  conditions  for  its  life  con- 
tinned,  as  shifting  its  habitat  with  the  elevation  or  depression  of  thu  land,  with  the 
advance  or  retrocession  of  the  coast  line.  In  such  shifting  and  chauge  of  condi- 
tions, one  si)ecies  after  another  may  drop  out  and  become  extinct ;  others  may  sutler 
varietal  modification,  and,  what  is  still  more  important,  the  sudden  appearance  of 
new  forms  may  take  jilace  in  the  mids^  of  the  normal  fauna — forms  new  to  the  local- 
ity only,  or  entirely  new,  so  far  as  our  knowledge  of  the  fossils  can  tell  us.  Merely 
from  the  initiation  of  the  new  forms  in  the  fauna  wo  can  gain  no  clew  of  its  origin, 
but  the  study  of  its  relations  to  allied  forms  of  other  faunas  may  euable  us  to  decide 
whether  it  is  a  modification  of  some  older  form  or  the  forerunner  of  a  new  type, 
marking  a  later  geological  stage.* 

The  following  is  a  summary  of  the  order  and  general  relative  position  of  the  faunas 
f^om  the  Qenesee  slate  to  the  Barclay  coal,  which  my  present  knowledge  leads  me  to 
believe  is  true  for  the  meridian  x^assing  through  Ithuca,  New  York,  running  south- 
ward. 

(1)  Genesee  slate  fianna, 

{si)  Portage  group  fauna,  distributed  through  approximately  1,300  feet  of  strata, 
but  interrupted  by  the  intrusion  of  the  Ithaca  faunas  and  several  sub- faunas. 

(3)  Chemung  fauna,  occupying  at  least  l,'<iOO  feet  of  strata,  with  perhaps  two  sub- 
faunas,  and  driven  out  or  destroyed  by  the  presence  of  the  conditions  marked  by  the 
deposit  of  red  and  gray  Catskill  rocks. 

Within  the  limits  assigned  to  the  Portage  group  in  the  western  part  of  New  Yurk 
State,  I  believe  should  be  included  for  this  meridian  all  those  d(^posits  lying  between 
the  Genesee  shale  and  the  lowest  yellow-brown  shale  and  sandstones  which  carry  the 
trae  Chemung  group  fauna. 

This  series,  as  a  whole,  may  be  described  as  arenaceous,  dark-colored  shales  with 
the  Cardiola  specioaa  fauna,  toward  the  top  running  into  wavo-markdd,  tough,  arena- 
ceous deposits,  almost  totally  barren,  so  far  ns  known. 

The  passage  between  this  series  and  the  true  Chemung  is  stratigraphically  indis- 
tinct, but  in  a  general  wa^**  it  may  be  recognized  by  the  clearer  separation  of  the 
argilhiceous  from  the  arenaceous  deposits  after  p:vsHing  the  line,  aiul  the  appoarunce 
of  lighter-colored  sandstones  in  the  midst  of  softer  argillaceous  shales,  in  which  iron 
iioilules  and  iron  stains  become  more  conspicuous  than  below. 

The  shales  of  the  Portage  below  are  thinner  and  of  more  greenish  tint,  and  its 


*  U.  8.  OeoL  Surv.,  BalL  No.  3,  p.  6.  *  Ib'vii., ^.^ 
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HandHtones  are  darker  in  color  and  thin,  toagli,  and' wave-niarked  or  flaggy.  Pale- 
oiitologically,  however^  the  transitioD  is  more  marked. 

The  upper  part  of  the  Portage  appears  to  be  utterly  barren  except  in  an  occasional 
thin  stratum  of  green  shale,  a  Cardicla  apeoioaa,  or  a  small  PalaoneilOf  or  Leda  may 
appear. 

Ah  soon,  howeyer,  as  we  reach  the  true  Chemung  rooks  we  meet  large  Ftoduoiella 
Uichrymosaf  Ambocwliaa  and  Spirifers  of  the  Chemnng  types.    •    *    * 

To  the  author  of  this  bulletin  the  facts  reported  by  Mr.  White  in  the 
Eeport  of  Progress  G''  were  not  startling,  but  what  he  was  ready  to  ex- 
pect from  his  studies  in  New  York.    He  expressed  his  agreement  thus : 

In  regard  to  the  identification'of  these  Upper  DcYonian  faunas  of  Columbia  County, 
PoiiuHylvania,  in  the  association  of  species  and  the  relative  order  of  the  sub-faunas,  the 
record  agrees  in  general  with  that  of  the  series  exposed  along  the  same  meridian 
farther  north  in  New  York  State.  * 

The  following  year,  1884,  the  same  author  read  ^  paper  before  the 
American  Association  on  << Geographical  and  -physical  conditions  aa 
modifying  fossil  faunas."'  In  this  paper  application  of  the  principles 
above  described  is  made  in  the  study  of  sections  of  the  Devonian  rocks 
east  and  west  of  those  described  in  the  Bulletin  TSo,  3.  By  dissecting 
the  faunas  of  each  section  and  comparing  them  consecutively  across  the 
State,  is  it  shown  that  there  are  changes  in  the  composition  of  the  faunas 
coordinate  with  changes  in  the  deposits.  Among  other  examples  the 
occurrence  of  Oastkill  type  of  .fossils  with  Qatskill  character  of  rocks 
in  Chenango  and  Otsego  Counties,  New  York,  is  reported  entirely  below 
genuine  Chemung  fossils,  in  the  Oneonta  formation. 

In  the  discussion  which  followed,  Mr.  Hall,  to  whom  the  objectionable 
identifications  of  the  Pennsylvania  Report  G^  had  previously  been  re- 
ferred, again  objected  to  the  report  that  Spirifera  mesostrialis  and  JS. 
disJHHcta  were  found  together,  on  the  ground  that  they  represent  dif- 
ferent zones  and  should  not  occur  together ;  also,  he  objected  to  the 
interpretation  of  strata  as  **Cheniung-Catskill,"  claiming  that  these 
are  two  distinct  formations  with  distinct  faunas,  and  it  was  not  reason- 
able to  expect  the  two  to  be  blended.  At  the  same  meeting,  in  a  paper 
read  by  Mr.  Hall,  this  opinion  is  further  illustrated  by  his  interpreta- 
tion of  a  section  in  Warren  County,  Pennsylvania.  ^  In  the  section  de- 
scribed about  1,500  feet  of  Chemung  rocks  are  reported  with  Chemung 
fossils,  followed  immediately,  and  without  sign  of  unconformity,  by 
Waverly  sandstone  rocks  with  Waverly  fossils.  Between  the  two  is 
marked  ''  the  2)l(ice  of  the  Gat4ikill,^^  where,  it  is  stated,  '*  there  is  a  hiatus 
which  in  eastern  New  York  and  Pennsylvania  is  marked  by  the  i)res- 
eu(;e  of  measures  having  a  thickness  of  from  3,000  to  5,000  feet.^ 

The  interpretation  of  the  facts  is  "  that  there  has  been  a  long  interval 
of  time  between  the  final  deposition  of  the  barren  Chemung  shales  and 
the  fossiliferous  Waverly  sandstones,  or  that  the  deposition   of  the 

•Sec  "  Tin*  Spinfer.s  of  the  Upper  Devonian,"  by  II.  S.  AVilliania,  Science,  vol.  3,  p.  374. 
'  l*roc.  Am.  Ahboc.  Adv.  Sol.,  vol.  33,  p.  422,  et.  seq. 

^(^/i  thr  intimate  reJations  of  the  Chemung  group  and  the  Waverlj-  sandntone  in  northwe«teni 
I'enna^lruuin  and  ^outiiwea tern  New  York,  by  Jamctt  Ila\l,rroc.  Am.  Ausoc.  Adv.  Scl  voL33,  p.  416. 


wiLLXAia.]  CLAYPOLE.  131 

estuary  Catskill  sediments  has  been  going  on  simultaneonnly  with  the 
o])en  sea  deposits  of  the  Waverly  formation.^^ 

The  tme  objection  to  such  terms  as  *<  Gbemung-Oatskill"  and  ^<  Oats- 
kill- Pocono  "  did  not  come  to  light  in  this  controversy.  The  names  do 
not  misrepresent  the  facts  they  were  intended  to  represent,  i.  e.,  that 
in  Pennsylvania  there  are  formations  which  by  their  fossils  indicate  not 
only  transition,  bat  a  blending  of  two  distinct  formations  of  New  York, 
but  it  may  be  urged  that  these  names  do  not  clearly  express  the  facts. 
The  truth  is  that  sedimentation  did  not  change  synchronously  for  even 
very  limited  areas,  and  to  attempt  by  the  use  of  nomenclature  to  make 
the  division  lines  of  the  chronological  scale  precisely  coincide  for  the 
sections  of  adjoining  States  will  often  unnaturally  strain  the  facts. 

In  1885  Report  of  Progress  F'  was  published.'  In  this  report  the 
classification  adopted  in  Mr.  White's  Report  6^  was  more  fully  elabo- 
rated.   Mr.  Claypole's  classification  is  as  follows : 

No.  XI.  Maaoh  Chank  red  shale. 

No.  X.  Pocono  sandstone. 

No.  IX.  CatskJU  formation,  inolading — 

Upper  beds. 

DeUville  sandstone. 

King's  Mill  shales. 

King's  MiU  sandstone. 

Fish  beds. 
No.  VIII  (/).  Chemung  group. 
No.  VIII  (c).  Portage  group. 
No.  VIII  (d),  Geuesee  group. 
No.  VIII  (o).  Hamilton  groni),  including — 

Hamilton  Up]>or  shale,  200  to  'MO  feet. 

Hamilton  (MouteboUo)  sandstone,  500  to  800  foot. 

Hamilton  Lower  shale,  4(X)  to  500  feet. 
No.  VIII  (6).  Marcellus  limestone  and  black  shaUe,  including 

Marcellus  black  shale,  100  feet. 

Marcellus  upper  iron  ore,  2  feet. 

Marcellus  limestone,  50  feet. 

Marcellus  lime  shales,  50  feet. 

Marcellus  lower  irou  ore,  2  feet. 
No.  VIII  (a).  Upper  Helderberg  (Coruiferous)  group.    (Absent.) 
No.  VII.  Oriskany  sandstone  group. 

The  division  line  between  the  Cbeinimg  group  and  the  Catskill  is  not 
clear.  Occasional  red  beds  occur  below  the  line  he  sets,  and  Chemung 
fossils  occur  above  the  "Fish  beds,"  which  he  regards  as  the  base  of 
the  Catskill.3 

lu  1885  Williams  read  a  paper  on  the  classification  ot'tiie  Upper  De- 
vonian/ 


'Oil  the  iulimate  relatioDA  of  tlio  Chomun;;  group  and  tlio  Waverly  Maudstono  in  north  wcsteni  Ponn- 
K.vhauiu  and  ftouthwcHteru  Nuw  York,  by  Jauivu  Hall,  Proc.  Am.  Ahhoc.  Adv.  Sci.,  vol.  33,  p.  418. 

'  Sorond  Geol.  Surrey  of  PeniiHylyauia,  Uei>ort  of  rro};rort8  F'.  A  ]n-uliiiiin:iry  li<-port  on  thu  l*alaoon< 
toIu;;y  of  Perry  County,  deAoribinfi  the  order  and  thioknosa  of  it4  foniiiUiouH  and  itii  folded  and 
fault4il  tructure,  by  £.  W.  Claypolv.    Harrisburt;.  1885. 

'Tbid.,  pp.  72, 78. 

*  On  the  claifaiflratinn  of  the  UpptfT  Dcvouian.  by  llourv  SUalcv  \V'i\\\'AU\»,  Altsi.  \«%.  X.\'^,^\.'^"«wUx 
to).  34,  18SS,  pp.  222-234. 
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A  iininber  of  sections  across  the  same  series  of  deposits,  aboufr  50 
miles  ai)art,  are  compared.  The  sectioms  are  called :  I  Cayahoga,  II 
raiuesville,  III  Girard,  IV  Ghautauqaa,  Y  Genesee,  YI  Ganaudaigaa, 
YII  Cayuga,  YIII  Tioughuioga,  IX  Ghenango,  X  Unadilla,  making  a 
series  reaching  from  Cleveland,  Ohio,  to  the  Unadilla  Yalley,  Otsego 
County,  New  York. 

The  individual  faunas  were  studied  in  their  stratigraphic  order  in  the 
various  sections,  and  their  relative  positions  in  the  sections  were  shown 
to  exhibit  a  shifting  back  and  forth  of  the  faunas  during  the  deposition 
of  the  sediments.  The  faunas  were  classified  and  the  recurrent  stages 
of  each  were  given  names  from  the  dominant  fossils,  characterizing 
them  as  follows  :* 

A  is  tho  Hamilton  faana  and  its  immediate  suocessors. 
The  middle  DevoDiau  fauna  (A)  was  traced  above  the  horizon  of  the  Genesee 
sbale  in  the  following  snccesslve  stages: 
A  1,  the  Paracydas  lirata  stage. 
A  2,  the  Spirifera  IcBvia  stage. 
A  3,  the  Strophodonta  mucronata  stage. 
A  4,  the  Airypa  reticularis  stage. 
A  5,  the  Leiorhynchus  glohuliformis  stage. 
A  0,  the  Tropidolt2)tu8  carinaius  stage. 
A  7,  the  Spirifera  mesostrialis  stage. 

A*^  -f  is  a  second  recurrence  of  the  Tropidoleptus  stage,  fonnd  above  the  Che- 
mung fauna  and  distinguished  by  the  variety  Owegoensis  of  Spirifera  maroyij 
a  characteristic  variety  of  the  granulifera  type  of  Spiriferas, 
B  is  tho  black  shale  fauna,  beginning  in  the  typical  or  first  stage  of  the  Gen- 
esee shalo. 
In  the  fauna  of  tlio  black  shales : 

B,  tho  Genesee  sta«;e  of  Lingnla  spatiilaia. 
B  1,  the  second  Lingula  spatulaia  stage,  in  Fori  age  shales. 
1^  2,  the  LiiHjula  complanata  stage  of  the  **  Ithaca  group." 
B  3,  Lbujula  spatulata  ^  third  variety,  in  the  Cleveland  shalo. 
B  4,  Lhu/ula  comftlanata,  second  stage,  in  Chemung  shales. 
C  is  the  fauna  of  the  green  shales  of  the  typical  I'ortage  group. 
C  I  is  the  Cephalopod  stage,  with  (ioniaiitea  and  large  Cardiadw, 
C  *i,  the  Lamellibranch  stage,  with  Cardiola  speviosttf  etc. 
C  3  is  the  Portage  sandstone,  generally  barren. 

1)  is  the  Chemung  fauna  associated  with  brown  argillaceous  shales,  flags,  or 
calcareous  sandstones. 
The  faunas  of  the  brown  shales  and  sandstones  of  tho  Chemung  dox)osits  were 
classified  into  the  following  stages: 
1)  1,  the  stage  of  Orthia  iioga. 
D  2,  tho  stage  of  Stro2)hodonta  cayuta. 
D  3,  the  stage  of  Athyria  angelica, 
D  4,  the  stage  of  RhynchoncUa  contracta. 
1)  5,  the  stage  of  Spirifera  alia. 
All  of  thcHc  stages,  except  the  first  (1>  1)  are  characterized  by  the  presence  of  some 
variety  of  Spirifera  di^juncta)  =S2>.  VcnionJi). 

E  is  the  fauna  of  the  llat  pebble  conglomerate. 
V  is  the  fauna  and  tlora  of  the  (.'atskill  grays  and  reds. 
In  thr  Cat>kill  rocks  the  fossils  are  very  rare,  but  there  are  two  stages  (F  1)  of  the 


■On  tho  cImisiDrntlou  of  the  Upper  Devonian,  by  Hiinry  "&VvA\\st\«f\VLv\Maa^  Aj11.A511.Adv, Sci.Proc, 
roJ.  ji,  isas,  pp.  2'jyj-J7. 
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Oneonta  reds  and  gprays  And  (F  2)  of  the  typical  Catakill.    So  far  as  fossilH  have  been 
found  Iheie  is  diflBonlty  in  defining  them. 

It  is  proUable  that  ^oZopfjfcAiM  and  several  allied  fish,  ConnMl's  Cypricardia  angnsia 
and  several  plants,  are  found  in  bothalike,  but  farther  investigation  will  bo  necessary 
to  establish  any  clearly  distinctive  characters  in  the  fossils. 

The  Waverly  £snna  G  appears  to  be  distinguished  into  three  stages  in  other  parts  of 
Ohio.  But  in  the  region  comprised  in  these  sections  the  stages  are  recognized  more 
by  their  lithologlc  than  by  their  paleontologic  characters.  The  general  fauna  may 
be  called  the  Syringoihifris  fauna, 

With  G  1,  the  Bedford  shale  stage. 

With  G  2,  the  Berea  grit  and  sandstone, 

With  G  3,  the  Cuyahoga  shale  and  sandstone. 

H  is  the  conglomerate  (Olean  and  equivalent). 

J  is  the  Barclay  coal  beds. 

From  these  studies  the  following  principles  of  correlation  were  de- 
duced :  ^ 

First.  The  complications  arising  from  both  geological  and  geographical  uiodiiica- 
tions  ff  fossil  faunas  are  so  groat  that  the  attempt  to  determine  horizons  by  Hiiigle 
or  by  roughly  identified  fossils  will  certainly  load  to  erroneous  reHults. 

Second.  In  classifying  deposits  in  geologic  surveys,  it  is  of  the  greatest  importance 
that  the  actual  altitude  and  the  geographic  position  of  rock  strata  should  bo  pre- 
cisely defined,  as  well  as  the  lithologio  character  of  the  strata  themselves.  And  for 
this  purpose  some  systematic  and  uniform  nomenclature  for  the  various  kinds  of 
rocks  should  be  mode  and  adopted  by  all  geologists  in  the  country. 

Third.  The  fact  that  species  composing  the  faunas  and  the  total  faunas  themselves 
are  subject  to  constant  modification,  both  geographical  in  the  same  horizon  and  geo 
logical  in  the  same  area,  is  an  element  that  paleontologists  can  not  safely  ignore. 
These  modifications,  though  they  may  be  slight,  can  be  easily  recognized  in  the  pas- 
sage of  50  miles. 

Fourth.  The  actual  order  of  fannas  met  witli  in  a  vertical  section  is  not  necessarily 
expressive  of  biologic  sequence,  but  signifies  the  sequence  of  the  occupants  of  that 
particular  area. 

The  change  in  the  species  from  one  stratum  to  the  next  may  express  the  shifting 
for  miles  of  the  actual  inhabitants,  and  if  the  change,  within  a  few  feet  of  Htrata,  is 
to  au  entirely  distinct  group  of  species,  the  evidence  should  be  takeu  as  pointing  to 
a  considerable  shifting  of  condition  of  the  bottom.  If  in  such  case  each  fauna  is 
kept  distinct,  the  means  of  tracing  the  geographical  distribution  and  modification 
arc  at  hand.  If  mingled,  then  the  collection,  though  mode  at  the  same  locality,  will 
only  confuse.  Two  such  faunas  moot  at  Owcgo,  Tioga  County,  in  distinct  strata,  but 
in  rocks  which  are  of  similar  lithologic  character.  One  is  a  remnant  of  a  prevailing 
western  fauna,  the  other  is  an  eastern  and  late  stage  of  a  now  fauna. 

Fifth.  The  classification  of  the  rocks  may  receive  local  geographic  .names ;  the 
class! licat ion  of  the  biologic  series  should  roceivo  uamoH  derived  from  the  namcH  of 
species;  ages  defined  by  familiofl,  periods  by  genera,  and  epochs  by  species,  or  some- 
thing of  that  kind,  and  these  periods  or  ages  will  always  adjust  themselves  to  future 
dii«coveries. 

Kegarding  the  classification  of  the  particular  formations  the  follow- 
ing conclusions  were  reached,  viz : 

(1)  The  Devonian  black  shales  occur  in  the  strata  from  the  Genesee  shales  upward, 
alternating  with  the  normal  deposits  of  the  Portage  and  Cleveland  shales  and  sand- 
stones, and  possibly  higher,  with  modifications  of  the  faunas,  but  run  out  at  the 
eastern  extremity  of  the  area. 

*  On  the  olaMiflcatloii  of  the  Upper  Devonian,  by  Uonry  Shaler  Williatus,  Am.  Asa.  Adv.  Sci.  Proc, 
voL34,1885,pp.2S2. 
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(U}  TUti  Portftge  roekji  mnd  faonss  mra  loc»1,  the  chmractofiBtics  of  each  being  nn- 
n^o^rii/aM«  twHt  of  the  Cayaga  aection. 

Ci)  TUii  typical  Portage  formatiom  of  the  Geneaee  aaetfon  haTe  quite  s  different 
net  of  HiKfcsieM  from  the  rocks  occupying  tlie  aame  interral  In  the  CayngA  leetion,  while 
ftirihiT  «>a«t  the  aame  intenrai  U  ftUed  by  rocks  like  the  Catakill,  called  the  Oneonta 
tmiulnUtrnsHf  etc. 

(4)  Th«9  "Ithaca  group''  contains  a  moiZ$/M  Hamilton  fanna^  which  diifina  from 
the  Ciierrinng  fauna  in  the  absence  of  some  of  its  most  charaeteristie  species. 

(ff )  TUti  inoflified  stages  of  the  HamilUm  fauna  appearing  above  the  Genesee  shale 
am  r!rinrirM*<l  to  sections  east  of  the  Canaudaigua  meridian. 

(<i)  T\w  (/'atskill  deposits  of  Chenango  and  Otsego  Counties  are  intrinsically  not 
dinUfif^iiiHlittblo  from  those  of  the  higher  stage  called  Catskill,  but  appear  at  m  lower 
lioNitioiiy  Htratigraphically,  in  the  interval  occupied  by  the  "Ithaca  group"  of  the 
(jH,viiKa  Hoction,  and  by  the  middle  part  of  the  Portage  group  of  the  Genesee  seotion ; 
but  palurmtologioally  they  are  immediately  preceded  by  stages  of  the  same  general 
fan  11  a. 

(7)  Tlio  dominant  and  most  oharaoteristio  species  of  the  Chemung  fhuna  «ppear 
NtriitiKrapliically  earliest  in  the  more  western  sections  (D  4  of  Oirard  and  Chautauqua). 
ThiH  Htn^e  of  tlio  fauna  appears  in  the  upper  part  of  the  Chemung  group  in  the  east- 
i«rn  Hoctions;  and  in  the  extreme  part  of  the  area  this  stage  of  the  fauna  is  all  that 
np|H'KrH,  uiiil  it  is  thoro  roproHonted  by  only  a  few  specimens  in  the  very  upper  strata 
JiiHt  liuforu  the  iiual  iuoursiou  of  the  Catskill  deposits.' 

iOp.oikHp.IM. 


OHAPTBE  VII. 

THE  LOWER  CARBONIFEROUS  OR  MISSISSIPPIAN  SERIES:  THE 
DEVELOPMENT  OF  THE  NOMENCLATURE,  AND  CLASSIFICATION 
OP  THE  LOWER  CARBONIFEROUS  FORMATIONS  OF  THE  MISSIS- 
SIPPIAN PROVINCE. 

The  presence  of  the  Oarboniferous  Bystem  in  America  was  eariy  rec- 
ognized by  finding  coal  beds  containing  plants  similar  to  those  of  the 
Goal  Measures  of  Earope ;  but  the  determination  of  the  lower  and 
npper  limits  and  the  classification  of  the  Oarboniferous  formations 
were  matters  of  gradual  development. 

In  the  northern  and  central  portions  of  the  Appalachian  proviuce 
the  interval  between  the  marine  Devonian  formations  and  the  Cocil 
Measures  is  mainly  filled  by  arenaceous  deposits  with  few  distinguish- 
ing fossils,  and  here  the  more  interesting  correlation  problems  were 
concerning  the  termination  of  the  Devonian. 

In  the  Mississippian  province  the  sedimentation  introducing  the  Car- 
boniferous was  strikingly  different  A  considerable  series  of  lime- 
stones and  calcareous  shales,  and  a  few  sandstones  intervene  between 
the  termination  of  the  Silurian  and  the  base  of  the  coal-bearing  strata, 
above.  These  rocks  contain  rich  and  varied  fossil  faunas,  and  their 
correlation  and  classification  constitute  one  of  the  most  important 
chapters  in  American  geology.  Bocks  containing  Devonian  faunas  are 
found  at  the  base  of  the  series  in  some  parts  of  the  province,  but  in 
other  sections  they  are  missing.  The  formations  resting  upon  the  De- 
vonian where  these  occur,  and  in  other  places  upon  the  Silurian,  are 
characterized  by  fossils  of  Carboniferous  age,  and  have  heretofore  gone 
under  the  names  *'  Mountain  limestone,"  "  Carboniferous  limestone," 
"  Subcarboniferous,"  and  «* Lower  Carboniferous."  No  one  of  these 
names  is  satisfactory,  and  as  these  formations  are  bound  together  by  a 
common  general  fauna  and  constitute  a  conspicuous  feature  in  the 
geology  of  this  region,  it  is  proposed  to  call  them  the  Mississippian 
series.  This  series  may  be  defined  stratigraphically  as  that  series  of 
rocks,  prevailingly  calcareous,  which  occupies  the  interval  between  the 
Devonian  system  and  the  Coal  Measures,  and  is  typically  developed  in 
the  States  forming  the  upper  part  of  the  valley  of  the  Mississippi 
River,  viz,  Missouri,  Illinois,  and  Iowa.  The  name  is  a  slight  modifica- 
tion in  form  and  usage  of  a  name  proposed  by  Alexander  Winchell  in 
1870.1 

•  Xhe  MftnhAll  group,  etc.,  Am.  PhiL  Soo.,  Proo.,  toL  11,  p.  79. 
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He  proposed  <'  the  use  of  the  fiame  "  *<  Mississippi  limestone  aeries  or 
Mississippi  group"  <*as  a  geographical  designation  for  the  Oarbonifer- 
ous  limestones  of  the  United  States  which  are  so  largely  developed  in 
the  valley  of  the  Mississippi  Kiver." 

At  the  time  this  was  written  the  Ohontean  gronp  of  Broadhead  was 
correlated  with  the  Cbemang  group  of  the  New  York  geologiatSi  and  one 
of  the  important  results  of  WinchelPs  i>aper  was  the  demonstration 
that  the  Chouteau  gronp  of  Missouri,  the  Kinderhook  group  of  lUinoiSi 
the  Waverly  group  of  Ohio,  and  the  Marshall  group  of  Michigan  were 
different  tyi)es  of  a  single  formation  of  more  recent  age  than  the  Ohe- 
niung  group  of  New  York. 

As  the  Carboniferous  age  of  the  Chouteau  and  Kinderhook.  faunas  is 
fully  established;  it  appears  entirely  appropriate  to  extend  the  limits  of 
the  Mississippian  series  so  as  to  include  all  the  formations  containing 
Carboniferous  faunas  from  the  top  of  the  Devonian  to  the  base  of  the 
Coal  Measuses.  I  have  already  proposed  the  use  of  the  name  in  this 
sense  in  recent  reports  to  the  State  geologists  of  Arkansas  and  Missonri. 

As  the  nature  of  sedimentation  f)9  greatly  determined  by  the  geo- 
graphical relations  of  ocean  to  shore  lines,  a  brief  description  of  the 
geographical  conditions  of  the  region  during  the  npper  PaleoBoic  is 
here  appended. 

At  the  opening  of  the  Devonian  period  the  Archean  continental 
nucleus  of  the  Northeast  had  been  increased  by  a  considerable  bcmler 
of  Silurian  formations.  The  borders  of  this  land  mass  roughly  defined 
extended  fi*om  near  the  mouth  of  the  Mackenzie  Biver  southeastward 
to  Lake  Winnipeg,  and  as  the  line  approached  Lake  Superior  it  was 
diverted  westward,  to  what  extent  we  do  not  know,  as  the  more  recent 
depositJi)  cover  the  record.  The  shore  line  appears  again  running  across 
the  northeast  corner  of  Iowa,  thence  eastward  across  Illinois,  and  there 
suddenly  bends  northward,  forming  a  great  bay,  taking  in  the  peninsu- 
lar part  of  Michigan ;  thence  eastward  across  Ontario,  northern  New 
York,  and  around  the  Catakill  Mountains  into  New  Jersey ;  thence  with 
some  interrui)tions  southwestward,  forming  an  eastern  shore  for  the 
Appalachian  basin. 

The  Cincinnati  uplift  was  probably  an  island  for  part  of  the  Devon- 
ian period,  and  the  Ozark  uplift  of  southeastern  Missouri  formed  an- 
other large  island,  which  probably  remained  above  water  throughout 
the  Carboniferous.  Other  islauds  may  have  furnished  shores  of  erosion 
farther  to  the  south  and  west.  Thus  from  the  beginning  of -the  Devon- 
ian till  the  time  of  the  general  continental  elevation  which  initiated  the 
Coal  Measures,  the  central  part  of  the  United  States  was  a  vast  ocean 
basin.  The  sedimentation  about  the  margins  of  this  basin  was  prevail- 
ingly arenaceous  and  argillaceous,  the  forniations  are  more  varied,  and 
it  is  in  these  margins  that  we  find  the  best  development  of  the  Devon- 
ian system,  both  stratigraphically  and  faunally  considered.  As  we 
approach  the  central  portion  of  the  basin  the  sedimentation  is  prevail- 
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ingly  calcareons ;  and  tbe  Btrata  representing  the  Devonian  system  be- 
come reclace^  in  amoant,  and  less  varied  in  composition,  and  contain  a 
limited  fauna ;  and,  finally,  in  Alabama,  Tennessee,  Arkansas,  and 
Bontbem  Missouri,  a  black  shale  only  a  few  feet  in  thickness,  with  Lin- 
gnlas  and  rarely  other  fossils,  is  all  that  represents  the  complex  stratig- 
raphy and  paleontology  of  the  Devonian  of  New  York.  The  "  Black 
shale"  has  consequently  assumed  an  important  role  in  the  correlations 
of  the  Mississippian  series. 

The  upper  termination  of  the  series  is  marked  by  the  more  or  less 
rapid  change  from  calcareous  to  coarse  arenaceous  deposits,  indicative 
of  elevation  and  shore  line  sedimentation. 

In  the  Appalachian  province,  Rogers^s  "  Serai  Conglomerate  "  has 
been  adopted  as  the  base  of  the  Pennsylvania  series  of  Coal  Measures, 
but  in  the  Mississippian  province,  although  the  coal  beds  iirc  preceded  by 
a  greater  or  less  thickness  of  arenaceous  sediments,  the  delimitation 
between  the  Mississippian  and  the  Coal  Measures,  as  we  sliall  see.  is 
not  yet  drawn  with  any  great  degree  of  precision. 

Thomas  Nuttall,  in  the  year  1821,  in  the  article  referred  to  on  p.  25, 
ninde  the  first  allusion  discovered  in  our  literature  to  the  limestone 
rocks  of  the  Mississippi  Valley  as  a  formation  possessing  common  char- 
acteristics. These  limestones  he  rightly  interpreted  by  recognizing  in 
them  the  fossils  of  Martin's  Petrifacta  Derbiensis.  It  is  not  probable 
that  he,  any  more  than  many  geologists  who  immediately  followed  him, 
recognized  the  distinction  between  the  true  Carboniferous  limestones 
and  others  of  Sihirian  and  of  Devonian  age.  The  fact  that  the  lime- 
stones which  he  described  as  forming  the  calcareous  platform  of  the 
Mis8issip])i  are  conspicuously  of  Lower  Carboniferous  age,  and  that 
for  years  thej'  went  under  the  names  "Mountain  limestone,''  "Carbon- 
iferous limestone,"  and  "  Cliif  limestone,"  is  suflicient  reason  for  giving 
special  consideration  to  these  Mississippi  Carboniferous  limestones. 

It  was  D.  D.  Owen,  however,  who  devoted  careful  study  to  the  Mis- 
sissipian  series  and  first  described  and  elaborated  the  details  and  pro- 
posed a  distinct  nomenclature  and  classification.  His  earlier  views  on 
the  subject  are  found  in  the  reports  of  the  geologicfil  survey  of  Indi- 
ana.   The  first  and  second  annual  reports  were  published  in  1839.^ 

In  the  first  report  Owen  gave  the  general  outlines  of  the  system  then 
in  use  in  Europe  as  expressed  in  Do  la  Beche's  ]Manual,  and  constructed 
a  section  representing  his  interpretation  of  the  rocks  "  along  a  line  from 
Terre  Haute  running  southeasterly  toward  that  part  of  the  Alleghany 
range  which  divides  Tennessee  from  North  Carolina,"  thus : 

nitiiniiiiniiH  coal  formation. 

Mountain  limestone. 

(j  ran  wacko. 

Crystallino  and  inferior  stratified  rocks. 

'  Beport-  of  a  Ueologicnl  Kcconiioi8Mni)c<^  or  tlio  Stato  of  Indiana  ninilo  in  Ili<«  yoar  1H:{7  in  oonfomiity 
to  an  oiilor  of  the  lofziHlatiirp.    l^v  David  DuV^  Owon,  M.  D..  froolociat  of  the  State,  ]>p.  34,  1H39. 

Second  Rt^port  of  a  Oeolo;;ionl  Survey  uf  the  State  of  Indiana  made  iu  tbe  year  1B38.  By  David 
liale  Owen.  1839. 
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Til  the  course  of  the  survey  a  liue  waa  run  along  the  Ohio  Biver,  and 
the  succession  there  is  interpreted  as  follows: 

Coal  formation.    Seams  of  ooal  assooiated  with  beda  of  aandatone,  shale,  day^  and 

limestone. 

1.  Oolitio  Umeetone. 

2.  Encrmital  strata,  Silioeo-oaloareons  series  with  ocoasional  beda 
of  clay. 

3.  Black  bitaminoQS  alaminous  slate. 

4.  Fossiliforous  and  inferior  strata  of  the  Sabcarboniferonseronp, 
consisting  of  (1)  Fossiliferons  bed  of  Ohio  Falls.  (2)  Water- 
lime  and  variegated  strata.  ^3)  Sand  or  burr  stone.  (4)  Blu- 
ish or  brownish  Umeetone. 


Subcar1)oniferon8 
group 


On  page  25  the  rocks  of  the  State  are  classified  into  three  forma- 
tions : 

1.  A  bitnu..!..^ns  coal  formation. 

2.  A  limestone  formation  (similar  to  the  Mountain  limestone  of  European 

geologists); 

3.  A  diluvium. 

lu  this  report  the  Carboniferous  group  is  restricted  to  the  coal-bear- 
ing rocks,  or  what  is  now  called  the  Goal  Measures. 

All  the  fossiliferons  rocks  below  the  Goal  Bieasures  were  called  *^  Sub- 
carboinferous."'  The  a\jithor  said: 

Tu  ibis  group  may  witb  propriety  be  applied  tbe  name  Subcarboniferous,  as  indi- 
cating its  position  immediately  beneatb  tbe  coal,  or  Carboniferous  group  of  Indiana ; 
[and  in  a  foot  note],  '^  The  fossils  generally  coincide  closely  witb  those  of  tbe  Carbon- 
iferous or  Mountain  limestone  of  Europe;  but  as  no  perfect  seams  of  ooal  have  ever 
yet  been  observed  alternating  witb  tbese  deposits  in  tbis  country,  and  as  most  of  its 
fosHils  diflor  decidedly  from  tbose  of  tbe  coal  formation^  it  would  seem  to  preclude 
tlie  ])OHsibility  of  including  it,  bere  at  least,  as  some  European  geologists  dotbeir 
Mnuntain  limestone,  in  tbo  Carboniferous  group.  •  •  *  I  prefer  designating  it  by 
tbo  term  '^Subcarbouiferous,"  wbicb  merely  indicates  its  position  beneath  tbe  Car- 
boniferous group  without  involving  any  theory.* 

In  tbe  second  report,  published  the  same  year,  Owen  briefly  reported 
details  for  various  counties  of  the  State.  The  "  Encrinital  strata  of 
llarriHoii  County''  are  said  to  *' correspond  to  the  *  incrinital '  of  Dr. 
Ti'oost"  of  the  "well  known  iron  region  of  Tennessee."  The  rocks 
below  the  fossiliferons  strata  of  the  Falls  of  Ohio  were  correlated  with 
the  '*  Clift'  strata''  of  Dr.  Locke,  of  Ohio,  and  "  moat  of  the  rapids  and 
falls  in  the  State  are  produced  by  these  cliff  rocks."^  And  in  the  dis- 
cussion of  the  rocks  near  Lockport  and  near  Delphi,  the  author  re- 
marks : 

Tbe  wl*lo  of  the  rock  formation  which  I  have  just  been  describing  I  consider  as 
belonging  to  the  strata  inferior  to  the  black  bituminous  alnmiuoos  slate,  including 
part,  if  not  the  whole,  of  the  Cliff  strata. 

In  the  latter  part  of  the  report  a  comparison  is  made  between  the 
geological  formations  of  Indiana  and  those  of  Ohio. 


*  Report  of  a  Geolit^^ical  KecoDiioissaoce  of  tbe  State  of  Indiana  made  in  tbe  year  1837  in  conforniity 
to  an  onler  of  the  legislature.    By  David  Dale  Owen,  M.  D,,  geologist  of  the  State,  1839,  pp.  12, 13. 

'Second  J{«^poit  of  a  Gooloj^ical  Survey  of  tbe  State  of  Indiana  made  in  the  year  1838.    By  David 
JDuJo  Owen,  1839,  p.  17. 
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The  bitiiininoas  coal  formation  of  Indiana  is  correlated  with  the  coal 
fields  of  lower  Missouri,  northwestern  Kentucky,  and  Ohio,  thus  :^ 

INDIANA.  OUIO. 

Oolitic  limestone  (of  Troost) =  "Conglomerate"  of  Locke. 

The  soft  freestone  of  the  Knobs =  Waverly  sandstone  rock,  which  caps  the 

hills  bordering  on  the  Scioto  Valley, 
Ohio. 
The  black  slate  at  the  base  of  the  Knobs  =  The  shale  stratnm  in  ''  the  base  of  the 

hills  capped  with  sandstonOi  bordering 
on  the  Scioto  Valley." 
Arenaceous  and  argillaceous  limestone,  =  Cliff  rooks, 
forming    falls    and  cliffs  in  Madison 
County,  on  the  Ohio  River,  and  on  the 
Upper  Wabash,  etc. 

Blue  fossiliferous  limestone =  Blue  fossiliferons  limestone. 

The  whole  of  the  series  above  described,  from  the  bottom  of  the  coal  formation 
downward,  that  is,  the  Snbcarboniferous  group,  has  received  the  name  of  '^Galenif- 
erous  limestone  **  from  some  geologists,  because  it  has  yielded  in  a  few  of  the  West- 
ern States  an  abundant  supply  of  galena. 

The  next  contribution  Owen  made  was  his  report  on  the  mineral  lands 
of  the  United  States,  which  first  appeared  as  a  Presidential  message  to 
the  House  of  Representatives  in  1840.* 

As  we  glance  over  the  introduction  to  this  document  we  find  that 
Owen  regarded  all  the  stratified  rocks,  from  the  Coal  Measures  down- 
ward, including  the  ^'Blue  Fossiliferons  limestone"  (Cincinnati  lime- 
stone),  as  belonging  to  the  Mountain  limestone  of  the  English  geolo- 
gists. For  the  States  of  Ohio,  Indiana,  Kentucky,  and  Tennessee  this 
Mountain  limestone  was  represented  by  him  under  the  following  sub- 
divisions :' 

Pentromital  limestone,  light-colored  limestone,  sometimes  oolitic. 

Fine-grained  sandstone  in  Knobs. 

Black  bituminous  shale. 

Thick  beds  of  yellowish  limestone,  Cliff  limestone  of  the  'Vyest. 

Blue  fossiliferons  shell  liniestoue  in  thin  beds  with  marlite. 

Of  these  the  Clifi^"  limestone  was  dominant  in  Iowa  and  Wisconsin, 
and  the  other  members  were  absent  or  greatly  diminished,  as  in  the 
case  of  the  Blue  limestone,  so  that  in  Iowa  and  Wisconsin  the  follow- 
ing subdivisions  were  observed  :* 

Pentremital  limestone. 
Cliff  limestone. 
Blue  limestone. 


'  Geol.  Surv.  Ind.,  2(1  Keport,  pp.  39-45. 

'  "  MinernI  Lands  of  tlie  United  States.  Messase  from  the  President  of  the  United  States  In  reply  to 
a  rosolation  of  the  Iloose  of  Kopresentatives,  February  6,  1840.  House  of  Kepresentatiyos,  Execu- 
tive Document  No.  239,  Twenty-sixth  Congress,  Drst  session." 

Keport  on  a  geological  exploration  of  part  of  lown,  AVisconsin,  and  Illinois,  ma<le  under  instructions 
from  the  Secretary  of  the  Treasury  of  the  United  States,  in  the  autumn  of  the  year  1830,  by  D.  D. 
Owen,  M.  D..  principal  agent  to  explore  the  mineral  lands  of  the  United  States,  pp.  9-160. 

'Ibid.,  diiiaram  4,  op.  p.  14. 

^Ihid.,  diagram  6. 
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Tlie  sandstones  below  the  blue  limestone  were  regarded  as  equiva- 
lents of  the  Old  Ked  sandstone. 

Another  table  exhibits  the  folio  wing  classification  of  the  rocks  of 
Iowa  and  Wisconsin : 

Coal  format iou Coal,  shale,  grit,  and  slaty  olays 

Avith  ironstone. 
'  CI  ilf  limestone. 

CarboniferouBor  Mountain  limestone  formation..     YXraS"^^^^^ 

Old  Rea  forination(t) [  J    s^detoneamlMagnesianlime- 

l^Red  sandstone. (f) 

John  Locke,  in  a  report  accompanying  Owen's  report,  stated  that  he 
had  used  the  term  "Cliff  limestone''  in  the  Ohio  report  (1858),  adopting  it 
as  a  provisional  name  "from  the  inhabitants  on  the  Miami  above  Day- 
ton, Ohio."    lie  gave  a  list  of  synonyms  :^ 

Galen iferoiis  limest'Oney  Featlicrstonbangb. 
Cornutiferoiis  limestone,  Eaton. 
^  Magncsian  limestone,  Keating  and  Shepherd. 
Mountain  limestone,  Ohio  Reports. 
CI  i  ft' limestone. 

The  name  "  Cliff  limestone"  is  adopted  in  this  paper  as  a  synonymous 
term  for  tlie  "  Scar  limestone''  of  Phillips's  Geology  as  it  api>eared  in 
the  seventh  edition  of  the  Encyclopedia  Britannica. 

This  report  was  printed  on  the  4th  of  June,  1840,  without  the  accom- 
panying charts,  sections,  and  illustrations,  and  transmitted  to  the 
House  of  Kepresentatives.  It  was  revised,  and  the  public  edition  was 
ordered  by  the  Senate  to  be  printed  June  1, 1844.  The  executive  docu- 
ment of  the  House  (No.  230)  appears  to  be  the  first  edition  unrevised, 
and  tliere  wore  ordered  printed  (February  25,  1843)  5,000  extra  copies 
for  the  use  of  the  House. 

Some  important  revisions  first  appearing  in  the  Senate  document 
are  as  follows : 

First,  a  modification  of  the  classification,  expressed  in  a  table  giving 
a  comparative  view  of  the  correspondence  between  the  New  York  and 
English  surveys,  modified  from  Hall's  table  of  formations  in  the  Final 
Report  on  the  Fourth  District  of  New  York,  publivShed  in  1843.  In  the 
table  of  the  1844  edition  the  ^'Blue  limestone"  is  the  equivalent  of  the 
Trenton  limestone,  Utica  slate,  and  Hudson  River  groups  of  the  .New 
York  system.  The  "Clilf  limestone"  was  recognized  in  part  as  the 
equivalent  of  the  Clinton  group,  Niagara  group,  the  Onondaga,  and  the 
Corniferous  limestones  of  the  New  York  system.  The  "  Black  slate"  of 
Ohio  and  Indiana  was  the  equivalent  of  the  ]Marcellus  shale  of  New 
York,  and  the  VV^averly  sandstone  and  *'  fine-grained  sandstone  of  the 
Knobs"  were  considered  as  the  equivalents  of  the  Portage  and  Ohe- 


•  "Minoral  Lands  of  tlu'  Ii^uited  States.  MesBftge  fumi  the  Pnsidenl  of  the  l'nit»>d  States  in  rr-ply  to 
a  resolution  of  tho  IIou.s<^  of  Jlepn-smtatives,  Fobru.iiy  0, 184<).  House  ot  Kei>U'aentutive8,  Ex.  Doc. 
No. 'J.'U).  Twenty. >i\th  Con^reBs.  tirht  .ses-sion."  , 

JvrjKUt  on  a  gi'olo;iiOiil  ix]doration  of  part  of  Iowa,  Wisconsin,  and  Illinois,  m;wie  under  inRtruc* 
tidiifi  Itoni  tlic  Sciretnry  of  the  TreHHury  of  the  Unit4'd  Stales,  in  the  autuuin  of  the  year  1839,  by 
2J.  I).  Uncn,  AI.  1).,  pHncipal  a^eiit  to  explore  the  mmeral  \auda  oi  VV\c  Uuvted  Starea,  pp.  116, 117. 
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mnng  groups.     Owod  subsequently  changed  these  last  two  correla- 
tions. 

In  a  footnote  ^  Owen  mentioned  Hall's  substitution  of  the  term  Nia- 
gara for  <^  Cliff  limestone,"  and  on  page  28  of  the  same  document  he 
stated : 

A  review  of  the  fossils  of  the  region  under  consideration  proves,  however,  that  the 
Cliff  formation  of  Iowa  and  Wisconsin  is,  in  point  of  fact,  the  American  equivalent 
of  the  Upper  and  perhaps  of  part  of  the  Lower  Silurian  formations  of  Murchisou.- 

Owen  introduced  another  distinction  which  is  of  great  importance, 
but  would  scarcely  be  noticed  were  we  not  watching  for  it.  In  the 
House  edition  of  the  report,  the  table  giving  the  rocks  of  Iowa  and 
Wisconsin  has  '< Carboniferous  or  Mountain  limestone"  for  the  rocks 
below  the  Coal  Measures,^ and  the  revised  edition*  has  " Subcarbonif- 
crous  limestone  or  Protozoic  rocks"  in  its  place,  and  on  page  32  is 
added  a  clause  describing  the  ^^Carboniferous  limestone  of  Iowa." 
Under  this  heading  the  author  included  the  reddish  limestones  of  iiock- 
ingham,  lowa,^  and  some  dark  encriiiital  layers  near  Stevenson,  Illinois. 

The  ^*  white  limestones  "  of  the  same  part  of  the  State  the  author 
reported  as  contemporaneous  with  the  "shell  beds"  on  the  Falls  of  the 
Ohio,  and  as  re[)resentiug  by  their  fossils  the  Onondaga,  Corniferous, 
Marcellus,  and  Hamilton  groups  of  New  York. 

The  geological  chart ^  has  a  legend  which  gives  the  following  classi- 
fication for  the  part  of  the  scale  here  under  consideration : 

Northwest  margin  of  Great  Illinois  coal  Held. 
Subcarboniferous  limestone. 
Shell  stratnm. 

Clitt*  rocks  of  the  West )  J  Coralline  beds. 

Upper  Magnesiau  limestone >  ^  Lead- bearing  beds. 

Blue  Fossiliferoos  limestone. 
Etc. 

On  comparing  the  two  editions  of  the  report  it  becomes  evident  that 
a  study  of  UalPs  report  of  the  Fourth  District  of  New  York,  in  which  a 
comparison  is  made  with  Murchison's  Silurian  syst'Cm,  convinced  Owen 
that  his  '^Clilf  limestone  and  Blue  limestone"  were  representatives  of 
Silurian  rocks. 

In  the  Senate  edition  of  the  report  as  published  in  1844,  Owen  stated : 

A  review  of  the  fossils  of  the  region  under  consideration  proves  that  the  Cliff 
formation  of  Iowa  and  Wiscousin  is,  in  point  of  fact,  thu  American  equivalent  of  the 
Upper,  and  perhaps  of  part  of  the  Lower,  Silurian  formation  of  Murehiaon. 

It  will  be  remembered  that  at  this  time  the  Lower  Devonian,  as  far 
up  as  the  Hamilton  formation  inclusive,  was  identiiied  with  the  Silurian 


1  Sooatc  DocnmcDt  407,  paRo  23. 

'  Ho  liad  juBt  roinarked  upon  tlie  identity  of  the  Cliff  limcatono  of  America  with  tlic  Scar  limestone 
of  England. 
«Doo.239,p.22. 

*  Seuato  Doc  407.  XXVIIItb  CongreiM,  tlrat  Bossion.  pp.  27-82. 

*  Previously  called  Archiniodos  beda. 

*  PI.  8  of  the  Sonato  document. 
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of  MiirchisoD.*  And  the  ideutification  of  the  fossils  of  the  Cliff  lime- 
stone in  Iowa,  Falls  of  Ohio,  and  Illinois,  with  species  of  the  Onondaga, 
Corniferous  limestones,  Marcellus  shale,  and  Hamilton  group  of  New 
York,  was  strictly  in  accordance  with  the  statement  above  quoted. 

I  liud  no  evidence  in  this  report  of  the  recognition  of  the  Black 
shale. 

The  name  ^<  Snbcarboniferons  limestone,"  thns  introduced  by  Owen 
in  the  Indiana  reports  of  1839,  was  again  used  in  the  second  edition  of 
the  '^  Mineral  Lands,"  and  in  his  final  report  of  1852  was  adopted  as  the 
name  for  the  lower  division  of  the  Carboniferous  rocks  of  Iowa.  Owen 
considered  it  the  equivalent  of  the  Yoredale  series  and  the  Lower  Scar 
limestone  of  the  English  geologists. 

As  we  shall  see  elaborated  beyond,  Swallow  retained  the  old  name 
'^  Carboniferous  or  Mountain  limestone  "  in  the  Missouri  reports  of  1S55. 
Hall  in  the  Iowa  reports  of  1858  retained  '^  Carboniferous  limestone." 
In  1859,  in  volume  3  of  the  Paleontology  of  New  York,  "  Great  Carbon- 
iferous limestone  of  the  Mississippi  Valley  "  is  used.  Owen  in  the  Ken- 
tucky report  of  1856  continued  to  use  "Snbcarboniferons  limestone," 
and  Worthen  in  the  Illinois  reports  of  1866  and  later  used  Owen's 
name  '^  Subcarboniferous."  Thus  the  name  became  established  in 
American  literature.  Not  only  is  it  inappropriate  for  the  purpose  to 
which  it  is  applied,  but  it  is  evident  that  it  was  introduced  as  an  ex- 
pression of  confusion  and  dissatisfaction  with  the  correlation  at- 
tempted. It  probably  never  would  have  appeared  except  for  the  erro- 
neous correlation  of  the  "  Cliff  limestone  "  of  the  Mississippi  Valley 
with  the  "  Scar  limestone  "  of  England.  "  Scar  limestone"  was  Sedg- 
wick's name  for  the  Carboniferous  limestone  of  the  Lake  district  and 
Yorkshire;  "Clitf"  was  the  American  name  for  **  Scar,"  but  the*' Cliff 
limestone"  of  the  Mississippi  V^alley  was  found  to  be,  some  of  it  cer- 
tainly, not  Carboniferous,  and  all  of  it  below  the  coal-bearing  strata, 
and  the  prefix  "sub"  was  attached  to  indicate  these  facts. 

Although  we  have  come  thoroughly  to  understand  the  application  of 
the  name,  the  substitution  of  the  Mississippian  series  for  it  will  not, 
it  is  believed,  do  violence  to  the  honor  of  the  early  ji:eologists  or  to  the 
rights  ol  the  present  and  future  geologists  who  will  adopt  the  nomen- 
clature best  suiting  their  purposes. 

In  1817  D.  D.  Owen  and  J.  G.  Norwood  published  a  paper  entitled 
**  Researches  among  the  Protozoic  and  Carboniferous  rocks  of  Central 
Kentucky,  made  during  the  summer  of  181G."  This  was  noticed  in  the 
American  Journal  of  Science. 

The  reviewer  remarked:* 

Most  if  uot  aU  of  tlie  groups  of  rocks  which  occur  iu  New  York,  from  tho  GcneBoe 
slato  to  the  top  of  tlie  Catskill  raiigo,  are  deficient  or  obscurely  marked  in  Iho  wesSt, 
and  the  Carhouiferons  rocks  n-at  almost  immediately  on  the  schistose  beds  which 
represent  the  Genesee  slate;  whilst  our  black  slate,  and  the  underlyin«^  shell  beds  of 


'See  Qeol,  Fourth  Diit.  New  York,  p.  20.  »  Am.  Joar.  Sci.,  2d  «er.,  vol.  5, 1«47,  i>.  2C9. 
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the  Falls  of  Ohio,  with  tho  Goniatite  limestoDe  of  Rockford,  Jaokson  County,  Indiana, 
as  well  as  the  upper  shales  of  Perry  County,  Tennessee,  are  thereprosontatives  of  the 
Devonian  system  of  Europe. 

The  reviewer  farther  states:  ^^The  Knob  region,  ludiana,  Kentucky^ 
Tennessee,  Illinois,  and  Ohio,  above  the  black  shite,  they  show  to  cor- 
respond to  the  Garboniferoas  rocks."  ^ 

In  1847,  M.  de  Yemeail  called  attention  to  the  necessity  of  changing 
the  limits  of  the  Cliff  limestone  and  Blae  limestone  of  the  Ohio  reports. 
He  reganled  the  upper  part  of  the  Oliff  limestone  as  equivalent  to  the 
Devonian  system  of  Euroi)e.  He  announced  (in  this  paper,^  for  the  first 
time,  I  believe),  that  '^  le  grand  ^tage  des  psammites,  &it\i6  au-dessons 
du  grto  honiller  et  du  calcaire  de  montagne,  U  oil  il  existe,  et  que  I'ou 
appelait  D^vouien,  devait  ^tre  rang^dans  le  syst^me  carbon  ifere."^ 

Later  in  the  same  year,  in  his  paper  entitled  ''  Note  sur  le  parall6- 
lisme,  etc.,"  he  elaborated  the  same  idea.^ 

In  the  same  year,  after  a  visit  to  this  country,  M.  Yerneuil  published 
his  important  paper  in  the  Bulletin  of  the  Soci6t6  gdologique  de  France,^ 
on  the  parallelism  of  Paleozoic  rocks.  This  paper  is  discussed  in  a  pre- 
vious chapter  (see  p.  08).  M.  de  VerueuiPs  most  important  contributions 
to  the  correlation  of  the  Mississippian  series  were  his  positive  recogni- 
tion of  the  Waverly  group  of  Ohio  as  Carboniferous,  and  his  demon- 
stration that  all  the  formations  from  the  top  of  the  Black  shales  upward, 
and  inclusive  of  the  so-called  '<  Carboniferous  limestone,"  for  Indiana, 
Kentucky,  Tennessee,  and  the  corresponding  beds  in  the  Mississippi 
Valley,  were  of  Carboniferous  age. 

Owen's  final  report  did  not  appear  till  1852,  but  he  presented  an  ab- 
stract of  its  contents  before  the  American  Association  in  1851.^  After 
outlining  the  lower  and  '<  metalliferous  rocks"  of  these  States,  he  men- 
tioned the  occurrence  in  Bed  Eiver  Valley  of  a  '^  Magnesian  limestone," 
followed  by  a  calcareous  formation  which  he  called  ^^  Devonian."  This 
was  traced  westward  to  Iowa  City,  thence  southeast  to  the  Mississippi 
Bi ver.  Between  Johnson  and  Iowa  Counties  is  found  an  uplift  of  ^^  Car- 
boniferious  sandstone,"  and  *'  Carboniferious  limestone  "  occurs  along 
the  Iowa  Biver,  which  runs  on  the  extreme  eastern  margin  of  the  coal 
field.  From  Iowa  Biver  the  Carboniferous  rocks  bear  south  through 
Washington,  Henry,  and  Lee  Counties,  crossing  the  Des  Moines  Biver 
and  Iowa  into  Missouri. 

*  The  orisinal  article  reviewed  I  have  not  soun.— H.  S.  W. 

>  Lettre  sur  la  g6oloKie  des  fitats-XJnis.    By  M.  Ed.  de  VemeuiL     Soo.  g6oL  France,  Bull.,  n,  toL  4, 
pp.  12, 13. 
spage  12. 
«  Pages  64ft-087. 

*  "Note  sur  leparall^lisnie  des  roches  des  d^pAts  pal6ozoIquc8  derAm6rique  Septentriunale  aveo 
cenx  de  I'Europe,  snivi  d'un  tableau  des  espdces  fossiles  communes  aux  deux  coutinciitB,  aveo  rindi> 
cation  des  6tat:es  oil  elles  so  roncontrent  et  termin6  par  un  examcn  critique  de  cliacuiie  do  ces  es- 
p^ces."— Soc  g6oL  Franco,  Bull,,  II,  vol.  4,  pp.  646-709. 

*Owen,D.D. :  Abstract  of  an  introduction  to  the  final  report  on  the  Geological  Surveys  madeio 
Wisconsin,  Iowa,  and  Minnesota,  in  the  years  1847-1850,  containing  a  synopsis  of  tlie  gvologio  feat- 
tires  of  the  couutr}'.  Proo.  Amor.  Assoc.,  vol  5, 1851,  pp.  lltf-13L 
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The  coal  field  of  Mi»sonri  aud  Iowa  covers  about  35,000  square  miles. 
This  western  field  is  very  shallow,  cousisting  of  three  well  marked  di- 
visions— (1)  an  upper  siliceous,  100  feet;  (2)  middle  argillaceous,  75  feet; 
(3)  lower  calcareous,  100  feet.  The  middle  division  carries  the  coal, 
the  coal  layers  having  a  thickness  of  four  or  five  feet. 

Passing  from  the  mouth  of  Iowa  River  to  that  of  the  Des  Moines,  the 
'^  Subcarbouiferous  limestone"  occurs  ^^irit/i  no  coalseamsP  There  the 
Mississippi  passes  through  a  corner  of  the  Illinois  coal  field.  The  lime- 
stone thins  out  here  and  the  Coal  Measures  rest  on  *Hhe  limestones  ot 
Devonian  age."  At  the  junction  of  the  Missouri  and  Mississippi,  "Car- 
boniferous limestone"  is  found  which  just  underlies  the  lowest  work- 
able seam  of  the  Illinois  field. 

In  the  same  year,  in  association  with  B.  F.  Shumard,  Owen  published 
some  statistics  regarding  the  fossils  obtained  during  the  survey.^ 

The  authors  found  in  the  Devonian  rocks  of  these  States  49  species, 
included  in  26  genera,  and  in  the  Carboniferous  120  species,  included  in 
49  genera. 

^'  Of  the  above  genera  5  are  peculiar  to  the  Devonian  and  36  to  the 
Carboniferous."  ♦  ♦  ♦  "  Eight  genera  are  common  to  the  Silurian 
and  Devonian,  10  to  the  Silurian  and  Carboniferous,  10  to  the  Devonian 
and  Carboniferous,  and  9  are  common  to  the  three  systems." 

Two-thirds  of  the  39  species  from  the  Devonian  rocks  between  Park- 
hurst  aud  New  Buffalo,  on  the  Upper  Mississippi,  are  identical  with 
those  found  in  the  coralline  beds  of  the  falls  of  the  Ohio  at  Louisville 
and  Charleston  Landing,  Indiana.  '*  Thirteen  species  are  identical 
with  European  forms." 

Twenty  lour  of  the  120  Carboniferous  species  found  mainly  in  Iowa, 
are  identical  with  European  species.  While  over  one-half  of  the  Bra- 
chiopoda  are  identical  with  (*'can  be  referred  to")  Enroi)ean  species, 
only  two  out  of  52  Crinoids  are  coninion  to  the  two  countries. 

Tolyparia  are  most  abundant  in  the  Devonian,  while  Acephala  are 
most  numerous  in  Carboniferous  rocks. 

Mr.  II.  King,^  in  1851,  i)ublislied  a  paper  in  which  he  commented  upon 
a  section  running  from  St.  Louis  southwest  to  Iron  ■Mountain  and  Pilot 
Knob,  lie  observed  that  above  the  so-called  '*  Mountain  limestone  "or 
*' Yoreilale  limestone,"  upon  which  St.  Louis  stands,  occurs  a  coal  bed 
havin^^an  average  thickness  of  4  feet.  This  coal  deposit  is  not  an  out- 
liner  of  the  Illinois  coal  basin,  but  a  continuation  of  it.  Passing  over 
the  southern  point  of  this  basin,  wo  meet  again  the  *OIountain  lime- 
stone '■  which  the  author  for  convenience  named  '*JSr.  Louis  limestone ;  " 
he  considered  it,  both  from  its  position  and  fossils,  as  strictly  Carbon- 
iferous.    Its  thickness  was  estimated  to  be  between  500  and  COO  feet. 


'(.)\von,  1).  U.,  :iii<l  B.  F.  Sliuinard :  Ou  tl<e  iiiiinbor  iwid  tliHtiibution  of  fossil  hproioM  iu  the  Paleo- 
zoic, lork"^  wl"  luw.i,  Wirtcousiii.  ami  MiiiniMola.     Am.  Assor.  Troc,  vol.5.  ldr»l,  jip.  235-L'39. 

^  Kii>>;.  U. :  Sumo  ruiuaik^  ou  llic  >;uolo^y  \)i  the  State  of  MitjaouiL  Am.  Absoc,  I'roc,  vol.  5,  18o]« 
pp.  Ie2  JW> 
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Below  this  limestone  occurs  a  siliceous  sandstone,  from  40  to  100  feet 
thick,  which  rests  upon  the  second  important  coal  deposit  of  Missonri, 
consisting  of  two  beds,  sometimes  thinning  out  to  a  single  bed,  resem- 
bling very  mnch  the  upper  deposit  near  St  Louis.  This  is  again 
underlaid  by  another  limestone,  some  two  or  three  hundred  feet  thick, 
and  '^of  Devonian  aspect,''  but  with  the  majority  of  its  fossils  Carbon- 
iferous. All  that  portion  of  the  State  lying  northwest,  north,  and  east 
of  the  line  starting  on  the  western  boundary  of  the  State,  near  the 
headwaters  of  Sac  River;  thence  northeasterly  to  the  junction  of  the 
Sac  and  Osage  Rivers ;  thence  to  Warsaw  and  northeasterly  to  the 
Missouri  River,  a  few  miles  west  of  Jefferson  City  to  Salt  River,  is 
classified  as  ^^  Oarboniferous.''  From  thence  the  line  runs  south  to  the 
Missouri  River,  to  a  point  opposite  our  starting  place. 

Mr.  D.  Christy,'  in  1851,  gave  account  of  the  Goniatite  limestone  of 
Rockford,  Indiana.  The  author,  having  sent  a  few  Goniatites  from  Rock- 
ford  to  M.  de  Verneuii,  was  informed  by  him  that  they  were  "  Carbonifer- 
ous fossils,"  identical  in  age  with  the  supposed  Mouiitain  limestone  of 
Belgium  and  England.  Dr.  D.  D.  Owen,  who  had  also  presented  him 
with  some  Goniatites  from  this  locality,  had  reported  that  they  came 
from  the  Black  slate  beneath  the  Cliff  limestone.  But  further  exami- 
nation proved,  as  was  suggested  by  M.  de  Verneuii,  that  they  came 
from  the  "  Goniatite  limestone." 

In  the  vicinity  of  Queensville  unmistakable  evidence  was  found  that 
it  was  "central  in  the  Black  slate"  and  "above  the  Cliff  limestone." 
Hence  "  should  the  European  classific«Ttion  be  adopted,  this  would  re- 
quire us  to  bring  down  our  range  of  Carboniferous  rocks  to  within  30 
feet  of  the  Cliff  limestone." 

In  a  note  which  appeared  in  the  rroceedii|tf^  of  the  American  Asso- 
ciation ^  Mr.  Christy  reported  that  "  M.  de  Verneuii  had  remarked  in  one 
of  liis  letters  that  these  Goniatites,  in  the  structureof  their  septa,  present 
a  curious  blending  of  the  forms  of  the  Carboniferous  and  Devonian 
Goniatites,  which  makes  them  exceedingly  interesting^  hence  his 
anxiety  to  ascertain  their  true  geological  position." 

This  note  reveals  to  us  the  method  applied  at  this  early  date  by  de 
Verneuii  in  the  correlation  of  geological  formations.  He  already  appre- 
ciated the  historical  (or  perhaps  chronological  will  more  accurately 
express  it)  relations  of  the  morphological  characters  of  fossils. 

Fossils  were  not  merely  "medals  of  creation"  to  him,  they  were 
remains  of  organisms  which  had  lived;  similarity  suggested  genetic 
relationship. 

In  1852,  Owen  published  his  final  report.^ 


I  Chrirtty  D.:  On  tho  Gouiatito  limestone  of  Kockrord,  Jackson  County,  Indiana.  Am.  Assoc, 
Pn.c,  vol.  3,  IbOl,  pp.  70-80. 

'  Am.  Assoc.  Adv.  ScL,  Proc.,  vol.  6,  p.  180. 

*  Report  of  a  f;eolo){ical  survey  of  Wirtconsin,  Iowa,  nnd  MinncHOta.  and  iucidcutuUy  uf  u  portion  of 
Nebraska  and  Teunui«Hcc.  by  D.  D.  Owon,  United  Statvs  geulogiot. 

Bull.  80 10 
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The  following  generalised  section  of  the  ^^  BabcarbonifiBtonB  lime- 
stoues  of  Iowa  "  appears  in  this  report.^ 
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a 
o 

CO 

a 


CO 

a 
■S 

a 
o 

s, 

o 

w 


Lower  series.  < 


'  f.  Upper  conoretionary  limestone 

tf,  Qritstones — contains  Lepidodendta^  Calawitm,  eto 5 

d*.  Lower  eonoretionary  limestone — JUti^froiitiaii.  etc.,  oom- 
paot  white,  nsiislly  oonoretionar^,  magnedui  in  plaoes,  in 
cludini;  tlie  more  evenly  liedded  limestones  of  ofe.  Loni% 

witli  lf«2oiit(M,  etc 30 

tf.  Gritstone 10 

V,  Magnesian  liinestoue>-reticnlate  corals   and    TmiibraMa 

BofUa 10 

,af,  Geodiferons bed 30 

/.  Archimedes  limestone,  a  ihin  bedded,  light  gray  limestone^ 

Spirifent  TerebraMa  BowitH,  OrthUy  eto 50 

«.  Shell  beds --gray  crystalOne  limestone,  8pir{fer  tlrAsInt, 
eu»pidatu8,  roiundua,  Prodnoiut  puneitUnt,  and  seMirsfieii- 

latui,  eto : 15 

d,  Keoknk  oherty  limestone 15 

0.  Keddish  brown  Enorinital  group  of  Hannibal,  Mo.,  alter- 
nating with  bands  of  chert,  at  base  white,  oryrtalUne, 
and  semi-oolitic— iVo<{aio<ii«  oora,  iipir{fer  cu»pidaiU9,  etc. 
b,  Enorinital  gronj>    of  Burlington,  top    brown   and    flesh 
•     colored  enorinital  limestone,  with  Fentremitea  and  CW»- 
oidsj  various  beds  of  limestone,  argillaceons  and  magne- 

ttlan 

a.  Argillo- calcareous  group,  Evans's  Falls,  at  the  top  a  fine- 

f  rained  buff  siliceous  rock,  oontainiug  costs  of  Ckonettt^ 
^OBidonomifa,  AUaritmaf  Spir^fer,  and  Pkillipaia  ;  Middle^ 
ash-colored,  earthy  marlites 70 


70 


eo 


The  author  described  ander  the  name  *^  Cedar  Biver  limestone  forma- 
tion "  the  limestones  of  Bed  Cedar  and  Iowa  Biver  Valleys,  Iowa,  and 
referred  them  to  the  Devonian  age.' 

4)n  the  map  the  legend  classifies  this  ^<  formation  of  Cedar  Yalley'' 

§ 

as  follows : 

i  c.  Upper  Coralloid  limestone. 

Hamilton  and  Onondaga  limestone <  5.  Middle  shell  beds. 

(  a.  Lower  Coralline  beds. 

The  author  recorded  no  evidence  of  the  Black  shale  in  the  States 
reported  upon. 

lu  the  fall  of  1855  G.  C.  Swallow,  as  State  Geologist,  published  the 
"  first  and  second  annual  reports  of  the  Geological  Survey  of  Missouri." 
The  first  annual  report  was  made  in  1853,  but  was  merely  a  short  report 
of  i)rogrcs8. 

In  the  Survey  work,  F.  Hawu,  G.  C.  Pratt,  G.  C.  Broadhead,  B.  F. 
Shumard,  and  F.  B.  Meek  assisted.  Dr.  Litton  furnished  a  chemical 
report  ou  some  of  the  principal  mines.  The  maps  and  charts  were 
drawn  by  R.  B.  Price.  Messrs.  Meek,  Ilawn,  and  Shumard  each  fur- 
nished reports  on  the  special  work  assigned  him,  and  the  classification 
in  the  main  report  is  in  some  cases  at  least  suggested  by  the  studies  of 
these  assistants.  In  the  generalized  section,  opposite  page  GO,  the  fol- 
lowing classification  of  the  Upper  l^aleozoic  is  given  : 


*  Itepoit  of  a  geolo>;ioal  Aurvoy  of  WiHconHiu,  Iowa,  and  Miniivaota,  and  inoidentallj  of  a  portion  of 
NebrnAkn  and  TcnneMoe,  by  D.  D.  Owen,  United  States  guulogisU 
*Jbid.,p.  77. 
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System  ni.  CaTboniferoas^ 


System  IV.    Devonian < 


Coal  Measnies,  e. 


Chemung 


..<Mi 


Feot 

Tppor  Coal  series 276 

Middle  Coal  series 225 

Lower  Coal  series 140 

{/.  FcnuginoiiB sandstone 195 
g,  St.  Louis  liniestoue 200 
».  Arcl.in.ede8.H.neHtono....  2(K) 
.1.  Encrinital  limuHtono 500 

'  9*.  Chouteau  linietitouc 70 

J  K,  Vermicular  sandHtono  and 

1  shales 75 

^  {.  Lithographic  limestone  ..    60 

|>.  Hamilton  group 50 

m.  Onondaga  limustoue 75 

The  Goal  Measares  is  overlaid  by  d^  Drift,  and  the  Ououdaga  lime- 
Rtone  is  underlaid  by  Delthyris  shaly  limestone.  The  term  *<  Ferruginous 
sandstone"  appears  to  have  been  first  applied  here  in  a  technical  sense 
and  defined  by  Prof.  Swallow^  and  first  applied  to  the  rocks  in  the  blufT 
near  Salt  Greek,  Sulphur  Springs,  near  Osceola.  St.  Louis  limestone 
had  been  used  as  a  general  term,  and  was  technically  applied  by  Dr.  Owen 
as  a  discovery  of  Dr.  Shumard  in  1849.  Archimedes  limestone  hiul  been 
used  already  by  Dr.  D.  D.  Owen  in  1852.  The  name  Encrinital  lime- 
stone was  also  suggested  by  Owen  in  1852,  who  spoke  of  the  Encrinital 
group  of  Hannibal,  Missouri,  which  was  also  Swallow's  typiciil  locality.' 
Prof.  Swallow  applied  the  name  "Chemung''  to  the  group  of  strata 
including  the  Chouteau  limestone,  Vermicular  sandstone  and  shales, 
and  Lithographic  limestone.  It  is  phiced  stratigraphically  at  the  base 
of  the  Carboniferous  system.     In  a  foot-note  he  says  :^ 

There  is  some  ditTereucu  of  opinion  renpectin^  the  syHtoni  to  which  this  group  he- 
longs,  hut  if  we  make  a  division  of  the  Missouri  rouks  into  D<)Vouiau  and  Carhonif- 
erouH,  the  line  of  (reparation  most  distinctly  marked  is  between  the  Encrinital  and 
Chouteau  limestones. 

Six  pages  later  a  new  section  begins  with  the  following: 

Syntem  IF,  Devonian. — Two  formations  of  this  system  exist  in  Missouri:  Hamilton 
groupf  Onondaga  limestone. 

Mr.  Meek  stated  in  his  report  that  the  stratigraphical  position  of  7,  kj 
and  /,  '*  taken  in  connection  with  their  organic  remains,  leaves  little 
room  to  doubt  that  they  represent  the  Chemung  group  of  New  York," 
and  ^'I  am  far  from  considering  it  a  settled  question  that  we  should  not 
caiTy  up  the  Devonian  so  a^  to  take  in  the  Chouteau  limestone."^ 

As  well  as  the  fact  can  be  determined  by  the  literature.  Prof.  Swal- 
low was  the  first  to  correlate  these  rocks  with  the  Chemung  group  of 
Kew  York.  The  rocks  themselves  liad  been  included  in  the  Carbonif- 
erous by  Owen  in  1852,  under  the  name  "Argillocalcareons  group  of 
Evans  Falls."  Neither  Messrs.  Swallow  nor  Meek  wa^  fully  satisfied  in 
placing  them  in  the  Devonian.  But  it  was  James  IJall  who  settled  the 
correlation  by  identifying  Owen's  *' Argillaceous  group''  of  Iowa  with  the 
Chemung  (Devonian)  of  New  York,  and  recognized  the  same  formation 
'in  the  section  at  Hannibal,  Mo.    This  was  in  harmony  with  his  correla- 

<  Owen's  Report,  pt.  1,  pp.  91, 92.      'Ibid.  pt.  1,  p.  lUl.       >  Ibid.,  pt.  1,  p.  101.       *  Ibid.,  pt  2,  p.  103. 
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tion  of  the  Waverly  with  the  ChemuDg.^  Later,  when  Mr.  Meek  had 
become  better  aequaiutecl  with  fossils,  he  corrected  the  mistake. 

*' Chouteau  group,"  the  name  proposed  later  by  Mr.  Broadhead  iu  1879, 
is  a  proper  designatiou  for  the  rocks  in  question,  and  had  Swallow  pro- 
posed it  in  1855,  the  name  Kiuderhook  gronx)  would  have  been  sux^er- 
iluous. 

In  tiic  report  of  the  Geological  Survey  in  Kentucky,*  made  in  1854 
and  1855,  by  D.  D.  Owen,  principal  geologist,  and  x)rinted  in  1856,  the 
^<Anvii  liock  "  is  named  and  defined. 

The  iiatne  is  applied  to  a  massive  sandstone  separating  the  Lower 
Coal  Measures  from  the  Upper  Coal  Measures  of  southwestern  Ken. 
tucky.  The  title  is  a  popular  one  originally  applied  to  an  immense  mass 
of  the  sandstone,  which  has  somewhat  the  form  of  an  anvil,  iu  Union 
County,  Kentucky,  a  figure  of  which  is  gi ven.^  The  name  was  extended 
to  the  sandstone  formation  of  which  this  rock  was  a  part. 

In  this  volume  the  term  ^'Subcarboniferous^  is  applied  to  the  lime- 
stone below,  separated  from  the  Coal  Measures  by  sandstones,  shales, 
and  conglomerates,  which  together  are  regarded  as  representing  the 
'* Millstone  grit."  The  "  Subcarboniferous  ^  includes  "Archimedes  lime- 
stone '■  of  the  Dismal  Creek  section  and  **  limestones  with  Pentremites 
and  Archimedes"  of  other  sections. 

The  author*  subdivides  the  "Subcarboniferous"  into— 

1.  ArcbimcdeR  and  Pentreiuital  limestone. 

2.  Lithustroution  or  I^arren  liiueHtouo  group. 

3.  The  lower  part  of  this  is  more  argillaceous  aud  may  constitute  a  third  divi- 

sion. 

4.  Subcjirboniferous  siiinlstoue  (Jeflorson  and  Hullitt  Counties).     This  is  the 

Knob  t'oniiation.  Under  this  lies  the  '^  Hbick  Lingula  Hhale,"  *' Coralliuo 
FhIIh  limestone/'  "Chain  Coral  and  Magnesian  limestone, ■'  and  '*  Blue  Shell 
limeutono  marl." 

In  l.S50,^  in  the  Subcarboniferous  limeatones  near  Warsaw,  A.  II. 
Worthcn  discovered  the  remains  of  fish  in  considerabh»  abundance,  and 
later  two  other  beds  were  found  lower  down  in  the  series. 

TIh^  ui)|)er  fish  bed  is  situated  in  the  Lower  Archimedes  limestone, 
the  fossil  remains  consisting  entirely  of  palate  teeth.  At  the  base  of 
this  limestone  is  the  middle  bed,  in  which  the  more  abundant  remains 
are  mostly  jaw  teeth,  with  a  lew  palate  teeth  and  spines. 

The  lower  bed  was  tirst  observed  in  Quincy,  Illinois,  near  the  top  of 
the  Burliii'^ton  Crinoidal  limestone,  and  subsequently  in  Henderson 
County,  Illinois,  and  at  Augusta,  Iowa.  As  the  fossil  remains  in  this 
bed  are  much  smaller  than  those  mentioned  above,  the  author  inferred 


*St'e  (l»M»l.o!' T«nva,  vol  I. 

'  KcjMut  of  (ho  t;«MiJo<:ic;il  Hurvoy  in  Kentucky,  made  in  1854  and  1855.     Jiy  D.  D.  Owen,  principal 
«;<*olo;ji.s|.,  Fi;inklort.   Kontiu'ky,  l^'5C. 
3  Ibid.,  I'l,  111,  ojip.  p.  15. 

*  Il)id..  pp.  HI,  ^2,  8U,  »n,  in,  Dj.  yy,  9H. 

*  WortlnMj,  A.  JJ. :  i)\\  tlu.'oi'ciirrrncc  of  fish  roiuains  in  tho  carboniferous  limestone  of  Illiuois. 
Aaapc,  Piuc.  wL  10,  pi.  2,  ]a06,  pp.  l«0-101i. 
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that  the  Saboarboniferous  fish  increased  greatly  in  size  daring  this  pe- 
riod. Ill  the  southern  extension  of  the  Pentremital  and  Archimedes 
limestone  into  Tennessee  and  Alabama,  these  remains  are  exceedingly 
rare. 

In  1856  James  HalP  read  a  paper  before  the  American  Association, 
an  abstract  of  which  was  pnblished  in  the  American  Jonrnal  of  Science. 
His  object  was  '^to  show  that  there  are  certain  well  marked  subdivi- 
sions in  the  Carboniferous  limestone  of  the  Mississippi  Valley." 

The  article  appears  to  be  a  preliminary  account  of  chapters  which 
api)eared  later  in  his  liei>ort  on  the  Geology  of  Iowa. 

In  the  following  table  are  expressed  the  correlations  which  he  pro- 
posed, showing  the  ^'  true  order  of  superposition  among  the  different 
members  of  the  limestone  series :" 

VII.  Coal  Measures. 

VI.  Kaskaiikia   limestone,  or   Upper  l  ^rj  Kaskaskia  and   Chester,   St.    Mary's, 
Arcliiinedes  limestone.  5       (     Missouri. 

V.  Gray,  brown,  or  ferruginous  sand-  )  i  Below  St.  Genevieve,  Missouri.  Be- 
stone,  overlying  the  limestones  /  of  <  twoen  Prairie  du  Kocher  and  Kaskas- 
of  Alton  anu  St.  Louis.  )       (      kia,  Illinois. 

IV.  *'8t.  Louis  limeHtone,"  or  "Con-  I  ^f^  St.  Louis;    highest  beds  below  Keo- 
cretionary  limestone.''  )       I      kuk.    Alton ;  St.  Genevieve. 

III.  "Arenaceous    bed,"  Warsaw    or  ?- J  Warsaw  and    above   Alton,    Illinois; 
Second  Archimedes  limestone.     )       (     Keokuk,  Iowa. 

''Magnesian  limestone," — Spergen  Hill,  Bloomington,  Iowa. 

Beds  of  passage,  soft  slialy  ur  marly  bed  with  geodes  of  quarts,  chalcedony,  etc. 

II.  Keokuk  limestone,  or  Lower  Ar-  I  ^fS  ir«..i..„i,  n,,:^  „  tit  a 

chime<le»  lii.ieHton«.  \  "^  \  Keokuk,  Qiiincy,  Illinow,  etc. 

Beds  of  passage,  cherty  beils  60  to  100  feet.    Kapids  above  Kookiik. 
I.  Burlington  limestone j  of  {  Xl^f^Si.  J^:\ii^r^'    """"•" 

The  formations  I  to  VI,  inclusive,  constituted  the  '<  Carboniferous 
limestone  f  next  below  them  he  reported  the 

Oolitic    limestone    and    argillacoons  )       (  Wr...ii««f««     T/v«.„  .    !?„«««  -c^  n  i 

HandstcmooftheaKeof tLoChoumng     of     ""t^^i.  '^Zln^'^'"'  ^'^'''  "•" 
group  of  New  York.  )       (  * 

He  correlated  the  " Arfrillo-calcareous  group"  of  Owen  and  the 
"Chouteau  limestone"  of  Shumard  and  Swallow  with  the  "Chemung 
group"  of  New  York,  stating  that  "the  higher  beds  contain  the  same 
fossils  as  the  Cheniuiig  grou[)  of  New  York  and  elsewhere,  and  have 
boen  carefully  traced  throughout  the  intermediate  space."* 

Hvi  thought  the  "green  shale"  of  the  Turlington  section  and  the 
"ash-colored  earthy  niarlites"  of  Evans  Falls  "should  be  referred  to 
the  Portage  group.  •  •  ♦  It  is  likewise  probable  that  the  litho- 
graphic limestone  of  Prof.  Swallow  will  be  found  more  closely  allied 
to  the  Hamilton  than  to  the  Chemung  group." 

The  name  "Burlington  limestone"  was  proposed  to  include  what 
Owen  had  called  the  "encrinital  group  of  Burlington,"  and  "reddish- 


'  Hall.  JamoD:  On  the  Carboniferuun  liiiioatones  of  the  MlBeiwippi  Valley.    (AbBtrftct.)    Am.  Joar. 
Sci..  ToL  23, 1857,  pp.  187-  203. 
'Ibid.,  p.  189. 
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brown  encriDital  group  of  Hannibal,"  and  what  Swallow  and  Shumard 
liad  called  the  ^^  encriual  limestone  "  in  Missoari. 

Owen's  name  «*  Keokuk  cherty  limestone,"  with  "  cherty "  omitted, 
is  adopted  for  the  next  division,  and  the  author  writes,  *^  the  80-<salled 
siliceous  formations  of  Tennessee  and  Alabama  are  of  the  same  strata."^ 
This  division  includes  the  three  divisions  d,  e,  and/ of  Owen's  classifi- 
cation, viz,  the  '<  Keokuk  cherty  limestone,''  the  '<  shell  beds,"  and  the 
'*  Archimedes  limestone." 

Omitting  the  "  Geodiferous  bed"  of  Owen  as  "  beds  of  passage,"  •  Hall 
applied  the  name  ^'Warsaw  or  Second  Archimedes  limestone"  to  the 
"Magnesian  limestone"  and  "Gritstone"  of  Owen.  The  next  higher 
division  is  called  the  "St.  Louis  limestone." 

D.  D.  Owen,  in  a  letter^  to  M.  de  Verneuil,  referred  to  the  discovery  by 
Shumard  of  the  "St.  Louis  limestone"  which,  Owen  thought,  "belonged 
in  the  lower  part  of  the  Carboniferous  limestone."  This  appears  to  be 
the  earliest  announcement  of  the  St.  Louis  limestone  in  the  scientific 
sense.  The  name  was  definiti^ly  proposed  and  defined  by  Dr.  H.  King 
of  St.  Louis  in  1851,*  and  in  Owen's  table  the  "  lower  concretionary 
limestone  "  includes  the  "  limestone  of  St.  Louis." 

Above  the  St  Louis  limestone  is  reported  the  "Ferruginous  sand- 
stone "  of  Missouri.  Owen  did  not  report  such  a  member,  but  for  the 
overlying  limestone  series  (composed  of  heavy-bedded  limestones,  and 
generally  alternating  with  marl,  shale,  limestones,  and  a  few  beds  of 
sandstone),  Hall  proposed  the  name  ^^Kaskaskia  lime43tone  or  Upper 
Arcliimedes  limestone."  This  formation  was  found  both  at  Kaskaskia 
and  at  Chester,  Illinois,  and  below  St.  Genevieve  in  Missouri,  and  ac- 
cording to  A.  H.  Worthen  bad  been  examined,  its  i)osition  clearly  de- 
termined, and  re]>orte<l  upon  under  the  name  *'  Chester  limestone"*  by 
himself  in  1853.  It  is  i)rol)able  that  Owon  did  not  recognize  this  higher 
limestone,  and  that  his  "/',  upper  concretionary  limestone,"  may  be  only 
a  continuation  of  the  "  lower  concretionary,"  d'^  separated  from  it  by  a 
more  or  less  local  sandstone,  c'. 

Evidence  was  given  of  extensive  denudation  previous  to  the  coal 
perio<l,  and  the  author  mentioned  as  consequences  of  this  ancient  de- 
nudation, the  coal  deposits  in  depressions  among  the  inclined  strata  of 
the  Silurian  rocks;  also  rouiuled  masses  of  clay  found  in  the  limestones 
of  the  llaniiltou  and  Upper  Ilelderberg  groups,  and  he  concluded  from 
examination  that  these  masses  of  clay  and  coal  deposits  were  made 
subsequently  to  the  deposition  of  the  limestone,  filling  cavities  caused 
hv  denudation. 

In  conclusion,  a  few  words  express  the  general  features  of  the  series 


'  lljill.  Jiinu^rt:  On  tin-  CaThoiiiffiuiiH  linioHlouo.s  of  tin*  MUsisMijipi  Valley.    (Abstract.)    Am.  Jour. 
Sri..  \-,)l.  S.i.  18.'V7.  p.  1'.K». 

'  III  tln«  tliial  Uoimrt  oii  the  (Joolo^jy  of  Iowa,  18r.fi.  tliis  boil  in  inclu(l«»tl  with  the  Keokuk  liiuentono, 
p.  IMJ. 

M>ntetl  .Tannaiy  14,  I8i9,  and  pnbllrthiMl  in  tht;  Hull.  Soc.  g6ol.  France,  II,  voLC,  pp.419-4iL 

^ Proc.  Am.  Ahmoc.  Adv.  Sci.,  vol.  5,  p.  Ib5. 
'See  Ueul.  oflJliuols,  vol.  1,  p.  41. 
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of  limestones  on  the  sonth  of  the  Ohio  Biver.  All  the  members  of  these 
limestones  thin  out,  with  the  exception  of  the ^'  Kaskaskia  limestone,'' 
which  predominates  over  the  whole  conntry,  and  is  there  the  great 
**  Oarboniferoas  limestone." 

In  1857  Owen^  recogni2sed  the  following  classification  at  the  Falls  of 
Ohio:* 

1.  Blaok  bitmninoas  Bhale. 

2.  Upper  CriDoidal,  shell,  and  coralline  limeetones  alH>Ye. 

3.  Hydraulic  limestone. 

4.  Lower  Crinoidal,  Bholl,  and  coralline  limestones. 
C.  Olivanites  bed. 

6.  8pir\fera  gregaria  and  shell  and  coralline  beds. 

7.  Main  beds  of  coral  limestone,  resting  upon  the  "chain  coral  limestone^ 

(Niagara). 

In  the  base  of  No.  2,  on  Gonn  Tsland,  fish  remains  were  found,  and 
this  stratum  is  called  the  '<  Upper  Fish  bed."  A  lower  fish  bed  was  seen 
at  the  base  of  No.  6,  called  the  ^<  Turbo  bed  "  in  general,  the  subdivi- 
sions of  which  are  given  as  follows  of  Nos.  G  and  7 : 

foK^ii  u^A^S  ^*  Conooardium  bed inches..  7 

ShellbedsJ^    l^^t^nabed feet..  6 

6.  <  Parting  chert  layers do...  3 

j  Coral  la3'ers do...  7 

VVcry  hard  rock do...  2 

7.  Main  coral  Jed.  [l'  Efcor^U^e' layer. 

This  rests  upon  the  (Niagara)  <^  chain  coral  bed." 

G.  C.  Swallow''  gave  a  brief  description  of  the  formations  of  Missouri 
aud  the  contained  minerals.  He  reported  that  the  stratified  rocks  of 
Missouri  belong  to  the  following  divisionSi  enumerated  in  descending 
order : 

I.  Quaternary. 
II.  Tertiary. 

III.  Cretaceous. 

IV.  Carboniferous. 
V.  Devonian. 

VI.  Silurian. 

In  giving  a  detailed  account  of  each  system,  he  considered  the  Carbo- 
niferous as  presenting  the  following  divisions : 

(1)  Upi>er  Carboniferous  or  Coal  Measures. 

(2)  Lower  Carboniferous  or  Mountain  Limestone. 

The  upper  series  is  made  up  of  sandstones,  limestones,  and  shales, 
amounting  to  1,500  feet  in  thickness,  containing  numerous  beds  of  iron 
ore  and  ten  beds  of  workable  coal.  The  lower  series,  about  1,745  feet 
in  thickness,  includes  "  Chester  limestone,"  "Ferruginous  sandstone," 
"  St.  Louis  limestone,''  "Archimedes  limestone." 

*  Qoologioal  Borvey  of  Kentucky,  second  annual  report,  1857. 
■Ibid.,p.»7. 

*  (EzpKnatlons  of  the  Keologlcal  map  of  Missouri,  and  a  section  of  its  rocks.    Proo.  A^caec.  Aawm^.^ 
▼oL  11,  pt  2, 1B57,  pp.  1-21. 
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In  tlie  report  of  the  geological  survey  of  Iowa,  a  systematic  study  of 
the  fossils  of  the  Mississippian  series  was  applied  in  the  differentiation 
of  the  several  formationsJ 

The  geological  formations  of  the  upper  Paleozoic  were  classified  in 
the  following  manner  by  James  Hall : 

Above  the  Le  Claire  limestone  comes  a  hydranlic,  drab-colored  lime- 
stone and  shales  with  cavities,  called  the  <<  Onondaga  salt  gronp";  next 
above  this  a  limestone,  gray  and  ash-colored,  subcrystalline,  also  con- 
taining cavities,  and  with  shaly  partings,  called  the  ^^  Upper  Helder- 
berg  f  following  this  is  an  argillaceous  limestone  or  calcareous  shale 
called  the  ^'  Hamilton,"  which  in  some  places  is  an  alternation  of  cal- 
careous shales  and  limestones,  but  is  said  to  be  more  calcareous  at  the 
bottom.  A  stratum  10  to  15  feet  thick  at  Rockingham  and  New  Buf- 
falo is  called  the  ''  Encrinal  limestone."  Kext  above  are  shales  and 
soft  sandstones,  as  at  Pine  Creek,  called  the  "  Chemung."  The  order 
observed  at  this  last  mentioned  place  for  the  Chemung  is  '^  shaly  lime- 
stone, green  shale,  sandy  beds,  yellow  sandstone."  At  Davepport, 
Burlington,  etc.,  the  Chemung  is  described  as  ^'gray  and  yellow  sand- 
stone with  shaly  partings."  Sometimes  it  is  underlain  by  green  shales, 
which  are  called  the  "Portage  group."* 

The  typical  section  of  this  part  of  the  series  is  at  Burlington,  Iowa.' 
It  is  as  follows : 

(1)  Soft  green  sbale.  (2)  Fine  grained  BiHcoous  and  argillaceous  sandstone.  (3) 
JiiincBtone  and  pliale,  HiliceonB.  (4)  Argilliiceous  sandst'One  with  Cbemnng  fossils. 
(5)  Oolitic  bed.  (1-5— "  Cbemung  group".)  (G)  CalcareoiiH  and  argil laceo as  shale, 
bed.s  of  p.iKsjigo.  (7)  Cberty  bedn.  (8)  Burlington  limestone,  brownisb  or  grayisb- 
brown  encrinal  liuKvstonc,  the  liigber  bcdn  more  or  less  wbite  and  subcrystalline, 
and  in  places  72  feet  tbick. 

This  Burlington  limestone  was  re<:»arded  by  JIall  as  equivalent  to  the 
'*Encrinital  limestone"  of  Owen  of  Missouri.     It  thickens  southward. 

Following  the  "  Chemung  "  occurs  a  light  gray  or  brownish  whit€  crin- 
oidal,  subcrystalline  limestone  called  the  ^*  Burlington  limestone."  Upon 
this  comes  the  "Keokuk  limestone,"  a  shaly  grayish  or  bluish  crin- 
oidal  limestone,  which  the  author  regarded  as  an  equivalent  of  the  "Ar- 
chimedes limestone"  of  Owen  and  the  '^  Siliceous  group"  of  Tennessee. 
The  Keokuk  is  followed  by  a  geode  bed  and  this  by  the  *'  Warsaw  lime- 
stone or  second  Archimedes  limestone,"  which  is  "a  magnesian  lime- 
stone, shale  and  shaly  limestone,  thin-bedded  and  arenaceous,"  and  after 
this  a  ''  (Miiirse  yellow  calcareous  sandstone  and  some  pebbles  of  quartz." 
Next  comes  the  **  St.  Louis  limestone"  of  Swallow  or  "Concretionary 
limestone"  of  Owen.  This  is  a  brecciated,  ash  colored  limestone,  and 
sometimes  subcrystalline  and  granular  in  texture,  becoming  more  com- 


'  liojiort  on  tlio  (i<'ol(t;;ic:il  Siirviiy  of  tli»>  State  of  Inwa.  cnibracin;;  lljo  n'snltrtof  invent i;;ation8  made 
(luring  poit.ious  of  tlio  > oar8  185.5,  1850,  and  1857,  by  JamoH  nail  aud  J.  D.  Wliitiu>;,  vol.  1,  Albaoy,  1858. 
Hvo.,  x\,  724,  4,  and  30  \tp.,  29  platOM.  plate  of  Hecliuu.  and  2  maps. 

»  U)id..i».  H9. 

'Ibid.,  pp.  69-90. 
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pact  on  going  soath ward.  Hall  speaks  of  ^^  the  brecciated  character  of 
the  northern  exposures  of  the  St.  Louis  limestone,^  and  of  the  *^  more 
or  less  diagonally  laminated  limestone  of  gray  to  white  color  "  in  the 
more  soathem  part.^ 

Below  St  LoaiSy  along  the  valley  of  the  Mississippi^  from  Prairie  da 
Bocher  to  Ohester,  the  series  dipping  gra<laally  sonthward  exposes  the 
*^  St  Loais  limestone,"  with  the  '*  Fermginoas  sandstone  ^  resting  on  it 
and  above  this  the  ^^  Kaskaskia  limestone."  Hall  observed  the  fact 
that  the  limestones  thin  out  toward  the  north  and  upon  their  inclined 
edges  are  followed  unconformably  by  the  Goal  Meiisures.  He  drew 
from  this  the  inference  that  a  contraction  of  the  borders  of  this  sea  at 
the  north  began  with  the  dei)ositiou  of  the  Carboniferous  limestone;  that 
this  was  consequent  upon  the  uplifting  of  the  older  rocks  at  the  north.' 

Tlie  limestone  of  the  UpperCoal  Measures  in  Ohio  is  traced  westward, 
and  is  regarded  as  represented  by  the  Carboniferous  limestone  of  the 
Eocky  Mountains.  Previously,  in  the  Report  on  the  Mexican  Boundary, 
Mr.  Hall  had  recognized  the  fact  that  the  Rocky  Mountain  region  must 
have  been  an  open  sea  at  the  time  the  Coal  Measures  were  being  de- 
posited in  the  Mississippi  Valley  and  farther  eastward.  The  oscilla- 
tion during  the  time  of  the  Carboniferous  limestone  was  mainly  up- 
ward for  the  Upper  Mississippi  basin,  and  during  the  Coal  Measures 
Worthen  shows ^  that  the  same  region  was  gradually  sinking,  causing 
the  higher  Coal  Measures  to  extend  farther  northward  than  those  below. 

In  the  classification  of  the  rocks  of  Iowa  it  was  quite  natural  that 
the  New  York  series  should  take  a  prominent  part  in  the  nomenclature. 
Although  fossils  were  considered  in  the  correlation,  the  erroneous  inter. 
])retations,  as  well  as  the  reports  themselves,  show  that  the  lithologic 
characters  of  the  various  rocks  were  considered  of  chief  importance. 
As  Worthen  stated  in  the  First  Report  on  the  Geology  of  Illinois,  in 
regard  to  the  beds  in  Indiana,  Iowa,  and  Missouri,  which  had  been  re- 
ferred to  the  '*  Chemung  group"  of  New  York,  the  identifications  were 
**  made  purely  on  lithological  grounds.''*  It  was  this  dominant  idea, 
that  there  should  be  some  Himilarity  in  the  character  of  tlm  rocks  of  the 
corresponding  zones  in  separate  regions,  that  led  to  the  importance  of 
the  ^'Ferruginous  sandstone"  of  the  Missouri  and,  later,  of  the  Iowa 
Reports. 

Again,  the  "Siliceous group"  in  Tennessee  and  Alabama  ^as  regarded 
as  important  because  probably  representing  a  corresponding  Siliceous 
group  in  the  English  classification. 

The  "Carboniferous  or  Mountain  limestone"  was  distinctly  recognized 
in  the  upper  Mississippi  region,  and  a  "Millstone  grit"  was  needed  to 
fill  out  the  system  as  interpreted  in  England.  It  can  not  be  denied  thiit 
great  masses  of  limestone  or  of  sandstone  can  be  traced  satisfactorily 
for  hundreds  and  may  be  thousands  of  miles  along  the  geological  out- 
crops, but  this  expresses  only  the  fact  that,  for  long  geological  periods^ 

>  Gedl  Snrr.  Iowa,  Ro)i.,  p.  105.  "  Goology  ot  UWnnU,  "VoV.  V,1^.  Ift. 

•  JWA,  p.  117,  4  iv,id.,  p.  iw. 
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tbe  general  relations  of  oceans  and  continents  remained  substautially 
the  same.  When,  however,  the  attempt  is  made  to  trace  the  sabdivi- 
sions  and  to  correlate  series  and  stages  and  the  lesser  zones  of  the  geo- 
logical classifications  by  lithologic  means,  then  the  inadeqaacy  of  the 
method  becomes  apparent  As  we  look  over  the  history  of  the  work  of 
geologists  in  America,  we  find  the  majority,  and  for  the  field  I  have 
specially  studied  I  am  inclined  to  say  nearly  all,  of  the  erroneous  cor- 
relations are  directly  traceable  to  a  too  great  dei)eudence  upon  lithology. 
The  following  exhibits  the  classification  of  the  Garbouiferons  lime- 
stone of  Iowa,  Illinois,  and  Missouri  as  it  was  understood  by'  Hall  in 
1858.1 

COAL  MEASURES  OF  IOWA,   ILLIXOIS,   AND  BnSSOURI. 

VI.  Ka«kaski»  limestone  or  Upper  ArchiOj^^j^.        ^    Chester,   XUinoia.      8t. 
modes  hinestoiio.   Pentremital  lime- V     Mary's,  Mi ssonri. 

Lower  arenaceons  beds  of  passage. 

V.  Gray,  brown,  and  ferrnginous sandstone  ) Below  Ste.  Qeneyieye,  Hissonri.  Below 
overlying  limestone  of  St.  Louis  and  >  Prairie  du  Rocber  and  Kaskaskia, 
Alton.  )     Illinois. 

Abrupt  passage. 

IV.  St.  Louis    limestone,    Concretionary  ^Iligbest  beds  below  Keoknk,  Alton,  St. 
limestone.  )    Louis,  Ste.  Genevieve,  Prairie  du  Rocher. 

Passage  arenaceous  or  indistinct. 

Umt^,ne"  """'"'"'•     ^''«"'»'*"|     FoTM.Sr^roulltp'lXnt^'*'^'*' 

Passage  soft,  marly,  goodiferous.  Ooodo  bed,  Keokuk,  Nashville,  Iowa,  aud 
Warsaw,  Illinois. 

II.  Kookiik  limestone.  Lower  Archimcdos  ),,„„^„i,    „,.,,     »!«„„+     ni<....»<.     i« 
Ihnestono.      Archiuio.les  limestone,  ^'^r?^"!.",'  l.„t!      w,„!^  f^  wf       "*' 
Owen  and  Swallow.  S     ^"'"''* '  "''""'•     "'"""»"''•  M""""". 

l>a.ss!igo  chorty  limestone,  CO  to  100  feet.  |  '^'Yi'jll'oif "'"'  ^*"'"'^'   ^*"''-    ^"'°"^'' 

I.  BnrliMRton  limestone \  '^"  m'"?**?'  '°'^^'  ^"""'^''  """"'*•  "*"" 

'^  (      iiibal,  Missouri. 

Oolitic  liincHtone   samlstonc,  and  sbale  of  ^  i^^.u    ,t,,,,  ^^^^  ^^^^^^  y^^^  j^^^    jjan- 
Cbomung  and  Portage   groups  of  New  J     ^.^J^  Missouri,  etc. 

In  1859  Mr.  A.  II.  Wortlieu^  reported  the  discovery  of  a  terrestrial 
llora  ill  tlie  Cheater  limestone  group. 

While  constnictiiif?  a  section  of  the  Ohio  Bluffs  he  discovered,  in  1851, 
in  the  middle  of  the  Chester  limestone  of  Pope  County,  a  bed  of  cal- 
<iareo-argillaceou8  material  containing  fossil  plants.  The  flora  does 
not  present  a  single  species  in  common  with  the  Carboniferous.  Among 
the  plants  he  found  representatives  of  the  genera  Stigmaria,  Sigillaria^ 
Kuorriaj  and  Lepidodcndra^  but  of  species  quite  distinct  i'rom  those  in 
the  Coal  Measures. 

''This  fact  seems  to  indicate  the  close  proximity  of  an  ancient  coast 
line  in  this  direction,"  and  its  probability  is  increased  by  the  fact  that 
"the  Subcarboniferous  series  thins  out  rapidly  to  the  north  and  east.^' 


'  Oi'itloay  of  lay,- At  J).  101). 

*Woithi*n,  A.H :     JfornArkfl  on  tlio  diRCOvery  of  a  toTTO.»Uva\  Wota  m  tUo  Mount.iin  liniostone  of 
7/00/5.     Am.  Aasoc,  PriMi,,  vol.  13, 18,'i9,  pp.  3rJ,  313. 
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lu  1859'  James  Hall  presented  his  view  of  tbe  relation  of  the  strata 
of  the  Mississippi  Valley  to  those  of  the  New  York  section.  The  inter- 
val between  the  Chemung  and  the  Goal  Measures  of  the  Appalachian 
section  is  filled,  in  the  West,  by  the  representatives  of  the  Carboniferous 
limestone.    The  following  table  explains  this  view : ' 

New  York  aod  PeniuiylTuiU  IflMisaippi  Valley  Coel  IfeMures. 

Coftl  Hoaeurea. 

fKoskaskia  limestone. 

Catskill  Moantain  group . .  J      Valley.  ^^^^^^^  limestone. 

V, Burlington  limestone. 

Chemung  and  Portage  groups • Chemung  and  Portage  groups. 

Hamilton  g^up Hamilton  group. 

Concerning  the  fauna  of  the  Western  rocks,  which  he  regarded  as  the 
equivalent  of  the  Chemung  and  Portage  groups,  he  reported  that  he  had 
traced  the  rocks  through  Ohio,  and  then  from  Indiana  into  Michigan, 
across  Indiana  and  Illinois  to  Iowa,  and  into  Missouri.  He  recognized 
scarcely  a  single  species  identical,  but  found  representative  forms. 

It  will  be  seen  thus  that  the  dominant  means  of  correlation  was  the 
strata,  probably  the  black  shale  and  the  argillaceous  and  arenaceous 
deposits  following  below  the  limestone.  The  suggestion  was  thrown 
out  that  the  cause  of  the  great  difference  in  sedimentation  is  the  eleva- 
tion of  the  Cincinnati  axis,  allowing  a  sea  to  be  depositing  calcareous 
sediments  in  the  ]\lississippi  Valley,  while  a  coarse  deposit  was  being 
made  east  of  that  axis.^    This  is  evidently  the  true  explanation. 

It  was  the  wide  territory  which  American  geologists  had  to  study 
which  led  them  to  recognize  the  great  difference  in  the  conditions  which 
existed  at  the  same  geological  time  in  separate  regions  of  the  continent, 
and  developed  that  minute  comparative  study  of  fossils  which  alone 
has  made  exact  correlation  possible. 

In  the  above  table  it  is  evident  that  \\\)  to  this  time  Professor  Hall 
still  held  to  the  view  that  the  Chenuing  Croup  of  Iowa,  Missouri,  and 
Illinois  was,  as  he  called  it,  '^  Subcarboniferous,"  that  is,  was  below 
the  "  Carboniferous  formations,"  not  one  of  them. 

In  18G0  Sydney  8.  Lyon*  recognized  three  divisions,  viz:  "(1)  Coal 
Measures,  (2)  Millstone  grit  series,  (3)  Subcarboniferous  series  f  but 
in  the  latter,  the  lower  or  "  Subcarboniferous  series,''  he  follows  the 
erroneous  usage  introduced  by  Owen,  for  we  find  included  under  this 
division  not  only  the  lower  Carboniferous  rocks,  but  all  from  the  '*.Black 
slate"  to  the  "Catenipora  beds,"  inclusive.  "  Subctirboniferous  series'' 
applied  to  the  rocks  below  the  Millstone  grit  is  a  modification  of  Dr. 
Owen's  usage.  Owen  proposed  the  name  '^  Sul)carboniferous  limestone," 
but  ai)plie<l  it  in  about  the  same  sense  in  which  Mr.  Lyon  applied  the 
name  "  Subcarboniferous  series."    Mr.  Lyon  restricted  the  use  of  the 

» Paleontology  of  Now  York,  vol.  3.  » Iblrt.,  p.  53.  *  Ibid.,  p.  58. 

*  Diacanslon  of  tbe  Stratigrapbical  Arrmngemont  of  the  Books  otKentaoky.    Trans.  8t  Loain  AjquiI. 
Sol.,  voL  1, 1860,  pp.  612-621. 


156  THE  DEVONIAN  AND  CARBONIFEROUS.        [«jii.«. 

former  term  to  the  limestone  wLicb  Prof.  Uall  called  ^^  Carboniferoas 
limestone." 
Mr.  Lyon's  classification  was  as  follows:  ^ 

Feet. 
a.  Coal  Meaanres ^ 1/200 

h.  P'ifth  saiulstono 40-100^ 

c.  Fourth  limeHtone 10-  40 

d.  Beds  of  colored  clays 0-84 

e.  Fourth  HaiulHtone 0-    (> 

/.  Third  limcslono 25-  50 

g,  AhiTiiiiioiis  Hhale 0- 5:^  S Millstone  grit  series. 

h.  Third  sandstone 25-  40 

i.  Second  linicstone. 25-50 

Jc.  Second  sandstone 75-  90 

Z.    First  limestone 15- *J0 

III.  First  sandstone 10-  'AO  ^ 

n.  Cavernous  limestone 200-400 "^ 

o.  Middle  limestone. 500-600  | 

p.  Sandstones  and  shales 205-300  | 

q.  Black  slate 50-100  I 

r.  Encriiiital  limestone 0-    h\ 

8.  Hydraulic  limestone 0-  20  ^ Saboarboniferoas 

t.    Spiriferbed 0-    3 

u.  Nucloocriuus  bed 0-    2 

r.  Turbobed 6-  10 

w.  Coral  bed 5-10 

X.  Cat onipora  beds 15-40^ 

The  divisions  ^,  o,  n,  constituted  wbat  bo  called  <^  Subcarboniferons 
limestone/ tbe  synonyms  for  wbicb  were  '^Barren  limestone,"  " Cav- 
ernous limestone,''  '' Carboniferous  limestone,"  and  <^  Mountain  lime- 
stone" of  the  Europeans. 

Division  o  was  the  middle  member  of  the  Subcarboniferous  limestone, 
and  180  feet  above  its  base  is  a  bed  which  was  regarded  as  equivalent 
to  Ilall's  "  Spurgon  Hill  beds,"  of  Wasliington  County,  Indiana,  which 
Prof.  Hall  considered  as  e(iuivaleut  to  the  *'  Warsaw  limestone." 

The  h)wer  member  of  the  ''Subcarboniferous  limestone"  {p)  "is  fre- 
quently distinguished  as  the  Knobstone  hcds,-^  ^  The  "  Black  slate"  with 
JAnynlas  (q)  the  author  put  in  the  '*  Devonian,"  and  he  stated  that  di- 
vision p  has  been  also  i)laeed  in  the  Devonian,  but  that  the  paleonto- 
logic  evidence  of  th<'  (ioniatite  beds  at  Kockford,  Indiana,  would  point 
to  its  inclusion  with  the  Subcarboniferous  limestones,  instead  of  in  the 
Devonian/ 

The  beds  r,  «,  <, «,  r,  ?r,  x^  "  thin  out  rapidly  and  disappear  entirely 
about  twenty  miles  south  of  Louisville."^ 

This  classificati(m  was  in  accord  with  the  general  usage  of  Dr.  Owen 
and  those  who  had  assisted  him  in  his  surveys  in  the  Mississi[)pi  Valley. 

James  Hall,  in  the  various  ])a])crs  in  which  he  attenii)ted  to  correlate 
the  Western  deposits  with  his  New  York  system,  used  the  name  "Car- 
boniferous limestone"  for  the  calcareous  i)ortion  of  the  "  Subcarbonifer- 
ous  series"  of  Owen,  ami  api)lie(l  "Subcarboniferous"  to  his  so-called 
"Chemung  group,"  which  in  New  York  is  of  Devonian  age.  The  West- 
ern geologists  clearly  understood  the  relation  of  the  so-called  "Che- 
mung" of  the  Mississippi  Valley  to  these  "Carboniferous  limestones," 

' DiMCiiM.iiun  iti  thr  Slrute^'raphical  Arr;ii»i;oiii<'iil  of  the  Kdcks  of  Ki-iitneky.    Traus.  St.  Louia  Acad. 
aSVv.,  vol.  1.  Jsno.  p.  041. 
'Ibid.,  p.  61 7.  »Ibid.,  Clfl.  «Ib.,  v- 620. 
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but  they  were  not  so  well  acquainted  with  the  Ghemuog  group  of  New 
York.  This  is  shown  by  the  fact  that  Swallow  and  Hiieek,  in  the  Mis- 
souri report  of  1835,  placed  the  Chemung  above  the  ^' Devonian,"^  al- 
though in  tabulating  it  they  bracketed  the  Chemung  with  the  Devo- 
nian. However,  to  the  State  geologist  of  New  York  the  ^'  Chemung" 
was  unmistakably  Devonian,  and  for  him  to  correlate  deposits  in  the 
West  with  the  Chemung  necessitated  placing  them  below  the  Carbon- 
iferous system ;  hence  he  used  the  term  ^'Subcarbouiforous"  to  sepa- 
rate these  dei)osits  from  the  Carboniferous  system  above,  whereas  the 
Westeru  geologists  included  the  Subcarboniferous  limestone  in  the 
Carboniferous  system  to  distinguish  the  lower  series,  which  was  under 
the  true  carl>on-bearing  Coal  Measures. 

Mr.  A.  Litton^  in  18G0  reported  some  statistics  regarding  thickness  of 
deposits  derived  from  a  well  boring  in  St.  Louis. 

A  description  of  the  boring  is  given,  beginning  in  the  St.  Louis  lime- 
stone and  penetrating  to  a  depth  of  2,199  feet,  passing  through  the 
limestones,  cherty  rock,  and  shales  of  the  Carboniferous  system,  G50 
feet,  the  red  marls  and  the  shales  of  the  '^Chemung,"  the  limestones, 
shales,  sandstones,  etc.,  of  the  Hudson  River,  Trenton,  and  Black  Kiver 
grou])s,  and  finally  the  magnesian  series.  The  white,  soft  sandstone 
found  at  a  depth  of  1,505  feet  is  considered  as  the  Saccharoidal  sand- 
stone; from  that  the  main  supply  of  water  was  obtained,  none  rising 
to  tiie  surface  from  below  this  sandstone. 

Mr.  C.  A.  White  contributed  a  paper 'on  the  rocks  at  Burlington, 
Iowa,  in  1860,  in  which  he  called  attention  to  the  close  relationship  be- 
tween the  faunas  in  the  ^^  Chemung"  rocks  in  the  lower  part  and  those 
in  tiie  upper  rocks  of  the  Burlington  section.  He  noticed  also  that  the 
Brachiopods  of  the  **  Chemung "  were  very  similar  and  possibly  of 
identical  species  in  some  cases  with  those  above  the  Burliiigton  lime- 
stone. He  suggested  (p.  225--(>)  that  although  the  so-called  Clienuing 
rocks  of  Iowa  may  be  geologically  equivalent  to  the  Chemung  of  JS^ew 
York  they  are  not  contemporaneous ;  migration  of  the  si^ecies  westward 
having  taken  place  at  the  close  and  after  the  time  of  the  Upper  Che- 
mung of  New  York. 

W.  B.  Rogers,  commenting  upon  this  paper,*  reniiirkedon  the  gradual 
passage  from  a  Devonian  to  a  Carboniferous  fauna  on  passing  west- 
ward from  the  Appalachians,  previously  suggested  by  James  Hall.  He 
suggested  that  '^  the  mingling  of  races  in  successive  formations  is  a  nat- 
ural result  of  the  accumulations  of  the  strata  during  a  long  perioil  of 
comparative  repose,"  and  said  further:* 

The  changes  of  ioHHil  fiiiinas  arc  luoro  gradual  in  proportion  to  the  degree  in  which 
the  successive  deposits  of  a  given  porio^l  havo  been  pros<?rvcd  from  destruction. 

'  Seo  text  of  the  report  (vul.  1-2,  Pt.  1,  p.  lUl.  and  Pt  2,  p.  101. 

^LittoD,  A.:  Belcher  dc  DrothnrH'  nrtoBiiin  well  in  St.  Loui.i,  Misauitri.  St  Louid  Acad.  Soi.,  Tran<i., 
1857,  vol.  1, 1800,  pp.  80-80.  plate. 

^Ol>8frv»tionH  ujion  rho  ueoluj^y  and  p>iUM>iitolo;;y  of  Ilurllup^ton,  Towa,  aud  ltd  vicinity,  by  Cliurlua 
A.  Wliiti-.  I^opt.,  18G0.     BoHtou  Jouru.  of  Nut.  Hist. ,  voL  2,  pp.  209-23ri. 

*  I'ruc.  Bf)Ht4)n  Soc.  Nat  Uidt .  vol.  7, 1861,  p.  320. 

*lbld.,p.821. 
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lie  would  correlsite  the  calcareous  and  associated  beds  below  the  Bur. 
iingtou  and  }K)ssibly  all  below  the  Keokuk  with  the  Poueut  or  Catskill 
and  Yespertiue,  represented  by  6,000  feet  of  deposits  in  the  Appala- 
chian region.    He  adds : 

But  all  such  attompts  at  synohronizing  distant  deposits  most  be  limited  to  a  general 
aud  va^uc  result,  oven  when  corrospondiDg  fossils  would  seem  to  mark  simnltaneooa 
origin,  and  wo  must  not  forgot  the  large  agency  of  migration,  and  the  long  lapse  of 
yearH,  which  in  many  cases  may  have  been  required  for  the  extension  of  a  Uyiug  race 
into  distant  submarine  settlements. 

Messrs.  C.  A.  White  and  li.  P.  Whitfield,  in  the  introduction  to  their 
paper  ^  on  the  Gheinung  rocks  of  the  Mississippi  Yalley,  which  is  mainly 
descriptive  of  species,  state  their  reasons  for  recofi^nizing  the^^Che- 
niuug"iiL  Iowa.  They  say  the  Hamilton  group  of  New  York  is  recognized 
in  Illinois  and  Iowa  sis  a  reliable  Devonian  horizon  by  the  fossils ;  that 
the  Cheniung  offers  changes  even  in  short  distances.  In  northeastern 
Ohio  tliey  hold  that  there  are  few  if  any  species  common  with  those 
of  Ne>v  York,  and  the  fauna  in  western  Ohio  and  Michigan  is  still  dif- 
ferent, but  still  the  Chemung  age  of  each  is  maintained.  It  is  thus  ap- 
parent tliat  to  these  authors  the  correlations  in  the  West  were  based 
upon  relative  stratigraphic  position,  the  generic  relations  of  the  fossils, 
together  with  a  not  unremarkable  similarity  of  lithological  characters. 

Some  species  of  the  ^^  Chemung''  of  Burlington,  Iowa,  are  said  to  be 
the  same  as  those  of  the  "  Chemung '^  of  Ohio,  "  which  rocks  can  be 
tnured  continuously  to  New  York.'" 

Notwithstanding  an  unmistakable  resemblance  to  Carboniferous 
fauna,  th(*y  refer  them  to  the  Chemung  of  New  York,  explaining  that 
"  a  direct  continuity  of  strata  of  the  Chemung  of  New  York  can  be 
traced  from  that  State  to  those  of  Ohio."  Thus  it  appears  that  Messrs. 
White  and  WiiitlieUl,  relying  upon  the  correctness  of  the  determi- 
nation of  continuity  of  strata  claimed  by  Hall  in  1S42  were  led  to  put 
aside  the  evidence  of  fossils,  aud  to  explain  the  differences  as  due  to 
geographic  causes. 

Messrs.  Meek  and  Worthen,  in  their  discussion  of  this  question,  made 
the  want  of  specilic  identity  the  chi(»f  reason  for  separating  the  Bur- 
lingttni  rocks  called  '*  Chemung  ■'  from  the  Chemung  of  New  York,"'and 
their  reliance  uj^on  the  Carboniferous  aspect  of  the  Ibssils  led  them  to 
correctly  correlate  the  formation  which  had  hitherto  been  called  ''Che- 
mung." 

Messrs.  \V.  II.  Niles  and  Charles  Wachsniuth,*'  maintained  that  the 


•  Vuw.  i;n.-,(.>ii  Soo.  N;it.  in«t.,  vol.  7. 1H61,  pp.  yLM.  :i2L». 

■'()l)s»M  v.-itiuns  oil  tlio  lloik.'*  ottlH'  Mi«Hirt.sij. pi  Valley  wliioh  liavr  hmi  p'fiMioil  to  th«KMieniiin{Tjr|.otni 
of  N'i*\v  Vork,  toiiotluT  with  ilo.<«irii»tious  of  m-w  Mj)0«>i»«r»  Jroiu  flu*  .saiur  hori;:oii  at  liurliii>;ton,  Iowa. 
liy  It.  r.  WhUM.lil  aiul  C.  A.  Whit**.  Boston  So*-.  Xm.  IliHt.,  vol.  s.  IhGJ   ]>j).  289  iiUO. 

•^liiul..  ]•    L'OU. 

'  lirniJiT  k-i  on  thu  ;i;;o  of  tin'  (Joui.iMtt^  litin'stfun*  at  K<n'kfonl,  Iiidiuna,  and  itM  iclatiouH  to  the  "Black 
f*lat*'  ■'  of  tli«'  \Vu.-<ltM-n  States,  ami  to  soint:  of  tlio  mui  t'l-oilin::  lorks  ahovi-  tin*  l.itttT.  J$3  F.  H.  Meek 
an<l  .\.  II.  Won  Inn.     1^61.      Ain.J«mr.  Sci..  L'«l  hit.,  vol.  .52.  pp.  ir.7-177  an«l  •_'.•^,-. 

•h'viijin  I-  of  two  ili.stinct  (Jeolojjical  Forniuiion.s  in  tbt.-  IJmlin^ion  Lino^ilonc.  Am.  Jour.  Sci.  vol. 
/!',  l^^Of!,  pp.  u:>~'J'J. 
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Burlington  limestone  is  divided  into  two  distinct  formations,  wbich  they 
called  the  *^  Lower"  and  ^^ Upper  Barlington  limestone."  The  two 
sections  can  be  distinguished  from  each  other  by  their  lithologic  char- 
acters alone,  but  the  distinction  chiefly  depends  upon  the  different  kinds 
of  crinoids  found  in  the  two  divisions.  In  the  lower  section  its  upper 
'strata  become  interstratified  with  beds  of  chert,  and  the  uppermost 
stratum  of  chert  forms  the  division  between  the  two  sections.  The 
crinoids  below  this  cherty  bed  are  smaller,  less  coarse  in  their  general 
features,  and  the  ridges,  spines,  etc.,  are  never  so  prominent  as  in  the 
species  of  the  upper  division.  The  inference  is,  that  circumstiinces 
were  not  so  favorable  to  the  growth  of  these  animals  during  the  depo- 
sition of  the  lower  strata.  There  is  a  similar  marked  distinction  between 
the  crinoids  of  the  Upper  Burlington  and  those  of  the  Keokuk  limestone, 
the  latter  being  still  larger  in  size  and  more  prominent  in  feature.  A 
band  of  chert  is  also  fouud  between  the  Upper  Burlington  and  the 
Keokuk,  and  it  appears  from  these  facts  that  there  was  something  in 
the  presence  of  siliceous  material  in  the  depositing  waters  during  the 
formation  of  the  upper  beds  of  both  the  Lower  and  Upper  Burlington 
divisions  which  was  unfavorable  tx>  the  growth  and  life  of  the  inhabit- 
ing crinoids,  for  as  the  chert  appears  the  crinoids  seem  to  have  declined, 
and  finally  all  species  became  extinct  before  the  completion  of  the  chert. 
The  same  fact  is  found  true  of  the  Mollusca,  most  of  the  species  of  the 
two  divisions  being  distinct.  Lists  of  some  of  the  better-known  spe- 
cies of  the  crinoids  are  appended,  arranged  under  the  names  of  the 
formations  to  which  they  are  exclusively  restricted. 

If  the  view  of  the  authors  were  found  to  be  cori'cct  in  fact,  it  would 
signify  that  the  cherts  had  their  origin  duiing  the  original  deposition 
of  the  rock,  but  even  were  it  a  fact,  it  may  be  questioned  whether  the 
ditference  in  fauna  was  not  purely  local,  conditioned  upon  changed 
character  of  the  bottom. 

The  series  of  Beports  of  the  Geological  Survey  of  Illinois,*  by  Mr. 
A.  n.  Worthen  as  Director,  began  with  vol.  T.,  in  18GG. 

In  the  classification  of  the  rocks  of  Illinois,  the  T^ew  York  nomen- 
clature was  used  for  the  subdivisions  of  the  Silurian  and  Devonian 


1  Geolocrical  Survey  of  IlliiioiH,  A.  II.  Worthen,  Director. 

Vol.1.    Geology.    1866. 

Vol.11,  raleontolojty.  DeBcrii>tioiiti  of  Vertebrates,  by  J.  S.  Newbury  and  ▲.  II.  Wort-hen.  1806. 
l)eBi'ri|ilioD8  of  luvertebrates.  by  F.  B.  Meek  and  A.  II.  Worthen.  Doacription  of  IMautu,  by  Leo 
L.eAqui*roux. 

Vol.  III.  OeoloKy  and  Paleontology.  1868.  GcolO{;y,  by  A.  II.  Worthen.  Paleontology-,  by  F.  B. 
Meek  and  A.  H.  Worthen. 

Vol.  IV.  Geolof^y  and  Paleontology.  1870.  Geology,  by  A.  JBL.  Worthen.  Paleontology,  Vertebrates, 
by  Newberry  and  Worthen.     Plants,  by  Lesqnercux. 

VoL  V.  Geology  and  Paleontology.  1873.  Geology,  by  Worthen  and  James  Shaw.  Paleontology, 
by  Meek  and  Worthen. 

Vol.  VI.  Geology  and  Paleontology.  1875.  Geology,  by  Worthen,  G.  C.  Broadhead,  K.  T.  Cox.  Pale- 
ontology, by  O.  St  John,  Wortlien,  and  Meek. 

Vol.  VII.  Geology  and  Paleontology.  1883.  Geology,  by  A.  H.  Worthen.  PalconUdogy  by  A.  TI. 
Worthen,  Orestes  St  John,  and  S.  A.  Miller,  with  an  addenda  by  Charles  Wachsmuth  and  W'.  II. 
Harris. 
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systems,  and  for  the  Oarbouiferous  system  the  nomeuclature  already 
proposed  in  the  Missouri  (1855)  and  Iowa  (1858)  Reports  was  adopted 
with  some  modifications.^ 

In  classifying  the  Carboniferous  rooks,  Worthen  included  the  '* Barren 
Coal  Measures"  or  <^ Millstone  grit"  in  the  Coal  Measures.  They  are 
seen  in  the  southern  part  of  the  State,  but  not  in  the  more  northern 
part,  where  the  Coal  Measures  proper  or  ^'  Upper  Coal  Measures  "  out- 
crop. They  are  terminated  by  a  sandstone  called  the  ^^Auvil  rock 
sandstone  "  (Owen),  upon  which  are  some  limestones  regarded  as  equiva« 
lent  to  the  "  Great  limestone  of  Pennsylvania."* 

Worthen  adopted  the  name  ^' Subcarboniferous  limestone"  for  the 
rocks  between  the  Black  slate  and  the  Coal  Measures  and  Conglom- 
erate. 

The  following  expresses  the  classification  of  the  upper  Paleozoic 
rocks  of  Illinois  as  interpreted  by  Mr.  Worthen  in  1866:^ 

CoalMoasureu  aud  Millstoue  grit..  .Coal  Keasiires,  600-1,200  feet  and  CoDglomerate. 

f  Chcsler  group,  500-HOO  feet. 

I  St.  liOnis  group,  50-200  fe^t. 
Subcarbouiferous \  Keokuk  group,  100-150  feet. 

I  Burlington  limestone,  25-200  feet. 

^.Kiuderhook  group,  100-150  feet. 

(  Black  slate,  10-430  feet. 
Devonian n  Devonian  liniest-one,  10-120  feet. 

(  Orittkany  sandstone,  40-60  feet. 
Devonian  and  Silurian Clear  Creek  limestone. 

Mr.  Worthen  in  the  first  report  considered  the  "Clear  Creek  lime- 
stone as  equivalent,  in  its  upper  part,  to  the  base  of  the  Devonian.  The 
name  "Chester  group"  is  proposed  by  Worthen  for  the  "Chester  lime- 
stone" and  the  underlying  "Ferrupfinous  sandstone"  of  the  Missouri 
Eeports.  The  "  Warsaw  limestone"  (Hall)  of  the  Iowa  Keport,  ^Ir. 
Worthen  united  with  the  "  St.  Louis  limestone"  of  Missouri  to  form  the 
"  St.  Louis  ^roup."  lie  also  united  the  *'Geode  bed,"  the  "Keokuk 
limestone,"  and  the  underlying  "Clierty  beds"  of  the  Iowa  Report  to 
constitute  his  "Keokuk  group."  The  "  Siliceous  fjroup'' of  Tennessee 
and  Alabama  he  regarded  as  a  southern  extension  of  this  same  "  Keo- 
kuk group"  of  Illinois.  The  author  further  pointed  out  the  fact  that 
the— 

Sul)ciirI>oniferou8  limestone  becomes  arouaoeous  on  the  nortlieastoru  border  of  the 
coal  tii'ld,  and  that  all  the  ujjper  members  above  the  Kinderhook  f^ronp  thin  out  in 
that  (iin^ction,  and  are  replaced  by  the  «;rit  Htones  forming  the  k)wc8t  member  of  the 
series;  and  in  Ohio  these  grit  stones  occupy  the  entire  horizon  trom  the  Conglomer- 
ate to  the  *'  Black  slate/'* 

The  name  *' Burlington  limestone"  was  adopted  with  substantially 
its  original  meaning  as  applied  by  Hall  in  the  typical  locality,  Burling- 
ton, Iowa.  It  was  not  recognized  outside  the  States  of  Iowa,  Illinois, 
and  Missouri.  It  is  famous  for  the  great  abundance  of  crinoids,  which 
are  found  in  beautiful  preservation  about  liurlington. 

^<tM?  <H'ol.  Siirv«"y  of  111.,  vol.  1.  ]t,  iv.  "ll.id..  vol.  1.  j).  'JO. 

'Ibid.,  p.  Gl,  ft  acq.  *  LUi.l.a»- 1^1- 
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The  name  ^^  Kinderhook  group  "  was  proposed  by  Messrs.  Heelc  and 
Worihen  in  1861  in  tbe  coarse  of  a  discassion  on  the  geological  posi- 
tions of  the  Goniatite  beds  of  Bockford,  Indiana.^  Its  original  applica- 
tion was  to  the  rooks  between  the  top  of  the  Black  slate  and  the  base 
of  the  Barlington  limestone  as  seen  at  Kinderhook,  Pike  Goanty,  Illi- 
nois. In  the  present  report  Mr.  Worthen  farther  defined  the  gronp, 
and  defended  its  reference  to  the  Oarboniferons.*  He  defined  it  as  in. 
clading  '^  the  Ohoateaa  limestone,  the  Lithographic  limestone,  and  the 
Vermicular  sandstone  and  shales  of  the  Missouri  Report,  the  so-called 
^  Chemung  rocks'  of  the  Iowa  Report,  that  part  of  the  ^  Waverly  sand- 
stone '  of  Ohio  which  overlies  the  Black  slate  of  that  region,  and  the 
^  Goniatite  limestone'  of  Indiana."' 

This  group,  the  '^  Kinderhook,"  was  traced  into  Indiana,  where  it  is 
represented  by  grit  stone  and  arenaceous  deposits,  and  is  regarded  as 
the  only  division  of  the  Subcarboniferous  in  northwestern  Indiana  and 
in  noi*thern  Ohio,  where  it  constitutes  all  the  so-called  ^'  Waverly  sand- 
stone." The  Kinderhook  group  of  Worthen  constituted  the  lowest 
member  of  the  Carboniferous  system  of  the  upper  Mississippi  province. 

Mr.  Worthen  correlated  <<  a  series  of  dark  blue,  green,  or  chocolate 
colored  shales,  passing  locally  into  a  black  bituminous  shale,"  of  west- 
em  and  southern  Illinois  with  the  ^'  Black  slate  "  of  Tennessee  and  other 
States  in  the  interior.^  Certain  Devonian  limestones  were  recognized  im- 
mediately underlying  it,  and  from  this  fact  and  the  presence  of  Lingtda 
spaiulata  he  correlated  it  further  with  the  Genesee  slate  of  New  York. 
In  that  part  of  the  State  it  is  followed  by  the  Kinderhook  group.  In 
the  northern  part  of -the  State,  however,  in  Rock  Island  County,  the 
author  reported  the  Black  slate  and  the  Subcarboniferous  limestone 
series  absent,  the  Coal  Measures  resting  unconformably  upon  the  Devo- 
nian limestones,  which  were  correlated  with  the  Coruiferous  limestone 
of  New  York  by  their  fossils.' 

In  the  southern  part  of  the  State  a  sandstone  was  observed  which 
Mr.  Worthen  identified  with  the  Oriskany  sandstone  of  New  York. 
This  was  first  observed  in  the  neighborhood  of  Jonesborough,  Union 
Coimty,  Illinois.* 

In  the  second  volume,  published  iu  186G,  slight  changes  were  made 
in  the  classification  and  nomenclature.  The  introduction  was  by 
Messrs.  Meek  and  Worthen. 

The  classification  preferred  is  as  follows  :'' 

Feet. 
'  Upper.. Cftrboii if orous  period.     Coal  Measnres,  Millstone 

Grit 1,200 

CarboDlferous)  fCheHt^rgronp 800 

system ]  Lower . .  Monntaln  li  mestone    or 

I                    Siiboarbon iferons^  ^«w«i.uivj^iw«i» 
I  perio<l \  K^rlmgton  gronp 

t Kinderhook  gronp....      150 


St.  Louis  beds 200 

Kookiikgroup 150 

200 


I  Am.  Jonr.  Sci.,  toL  33,  p.  228.  •Ibid.,  p.  109.       •  Ibid.,  p.  131.       '  0«ol  Sanr.  la ,  toL  9,  p.  Yiil. 

^ Ibid.,  pp.  108-11&  «Ibid.,  p.  119.       •  Ibid.,  p.  IM. 

Bull.  80 11 
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C  Genesee  (UvibIod  ("  Black  slftte  *  and 

f  Hamilton  periml..  <      gravishshale) W 

\  I  Kiiiiii'lton  IhmIh '. 180 

Dovoniaii  HVHtcin..  ;  Up^ier  I Li4<lorl»er<(  period.  Cora iferoiis and  Onondftgrnbedi       85 

1  i  Or  ink  any,  upper  bed 40 

(  Orinkauy  period..  <  OriHkany,  lower  beds  or  Clear Graek 

(     ;;n»np 800 

Siliirinii  Hysstcm Lower  Holder  berg  period. 

lu  tills  table  the  use  of  the  term  ^'  SnlKiarbonit'eroaB  ^  bb  meaning 
below  the  coal-beaiin^  strat^i  is  clear.  The  reoo^ition  of  the  absence 
of  upper  Devonian  is  to  be  noticed.  In  the  Oriskany  the  upper  cherty 
part  only  of  what  wa»  originally  includeil  in  the  <^  Clear  Greek  groap" 
is  phuHMl  in  the  Devonian.  The  lower  part  as  it  amvee  at  Bailey's 
landing,  Perry  County,  was  correlated  by  its  fossils  with  the  *<  Shaly 
limestone  of  the  lower  Ilelderberg  ^oup."* 

The  authors,  after  the  i)rol>osal  of  the  name  "  Einderhook  gfoapy" 
examined  the  rocks  in  Ohio  and  concluded  that  the  *^  Waverly  sand- 
stone ''  or  nu>re  properly  ^<  VVaverly  group,"  is  of  the  same  age,  and  sng- 
gesied  that  it  may  be  necessary  to  adopt  the  earlier  name.  Still  tihey 
think  it  wi.^'.e  to  retuiu  the  local  State  name«  until  exact  parallelism  be 
established. 

Tlie  third  volume  was  published  in  1 808.  The  authors  of  the  G^eologyi 
besides  A.  II.  Worthen,  were  11.  Engelmann,  H.  C.  Freeman,  and  H.M. 
Bnrris.  The  paleontology  was  by  Meek  and  Worthen.  In  this  report 
"  Lower  Oarboniferoua"  is  substituted  for  "  Snbcarboniferous '^  of  the 
earlier  reports.  In  the  volume  are  described  a  number  of  invertebrates 
from  the  Devonian,  Kinderhook,  and  other  deiH)sit«  of  Illinois,  and 
tline  are  ilescriptions  of  sections  for  several  of  the  counties  in  the  west- 
ern part  ol'  11m»  State. 

The  loiirlh  volume  was  i>ublished  in  1S70.  Hradley  and  Green  took 
the  i>larc  of  Kii^cluiann  and  FrecMuan.  The  pal(M)ntology  of  vertebrates 
was  by  Ni'wljerry  and  Worthen ;  of  plants,  by  Lesquereux.  "  Lower 
Carboniferous''  and  *' Carboniferous  system''  are  used  to  cover  the 
ujjpcr  and  lower  divisions  of  the  (Carboniferous. 

The  tiflh  volume  was  ])ul)lished  in  IHl'X  A.  II.  Worthen  and  James 
J  hill  were  tlu»  ;xeoh)^ists,  and  Messrs.  Meek  and  Worthen  the  paleon- 
tologists. In  this  report  the  nonienelature  is  ''Carboniferous  system" 
and  ''  Lower  Carboniferous  system."' 

The  sixt  h  volume  was  i)ublishe(r  in  I.S75.  Tlie  geologists  were  Messrs. 
Worthen,  r*roadln»ad,  and  Cox  ;  the  paleontologists,  Messrs.  Orestes  St. 
John,  Worthen,  and  Meek. 

The  seventh  volume  was  published  in  lvS8t'3.  Mr.  Worthen,  the  geolo- 
gist; paleontologists.  Messrs.  Worthen,  St,  John,  ami  S.  A.  Miller. 
Addenda  appear  in  this  volume,  written  by  M(»ssrs.  Waehamuth  and 
Harris. 

I  have  noticed  no  particular  change  in  the  geological  nomenclature 

•Am.  Juur.  Sci.,  vol.  33,  pp.  XI  xu. 
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in  either  of  the  last  two  volumes.  They  are  devoted  to  the  elaboration 
of  the  details  of  geology  in  the  coanties  and  to  paleontology. 

Mr.  Henry  Englemann,^  in  1868,  described  the  Lower  Carboniferous 
formations  of  southern  Illinois  as  follows : 

Underlying  the  Goal  Measures  in  central  Illinois^  lowa^  and  Missouri, 
were  distinguished  the  following  formations: 

1.  The  FerraginooB  saDdstone. 

2.  The  St.  Louis  limestone. 

3.  The  Warsaw  limestooe. 

4.  The  Keokuk  limestone. 

5.  The  Encrinital  or  Burliufj^ton  limestone. 

Farther  south  the  ^^  Kaskaskia  or  Chester  limestone"  was  found  be- 
tween the  Coal  Measures  and  the  Ferruginous  sandstone ;  and  heavy 
masses  of  sandstone  (^^ Millstone  grit")  were  observed  next  below 
the  Coal  Measures,  and  also  beds  of  sandstone  intercalated  with  the 
Chester  limestone. 

The  author  discovered  that  in  the  extreme  southern  part  of  Illinois 
this  upper  division  of  the  Lower  Carboniferous  attains  a  much  greater 
and  more  varied  development,  while  the  lower  subdivisions  seen  far- 
ther north  are  lost  or  merged  into  one.  He  subdivided  the  series  as 
follows  : 

A.  Coal  Measures.  * 

B.  Millstone  grit,  reachiuf;  a  thickness  of  500  feet,  with  a  seam  of  coal  far  above 
the  middle  dividing  it  into  Upper  iuid  Lower  Millstoue  grit. 

C.  Strata  corresponding  to  the  Chester  limestone  and  Ferruginous  sandstone,  and 
consisting  of  alternations  of  siliceous,  Archimedes  and  Pentreuiital  limestones,  of 
hales,  aud  sandstones,  attaining  a  maximum  thickness  in  Johnson  County  and  ad- 
joining counties  of  1,000  feet. 

The  different  layers  of  limestones  and  sandstones  are  described  in 
detail. 

D.  The  St.  Louis  limestone,  with  a  thickness  of  *200  feet  or  more. 

Some  of  the  la^-ers  have  an  Oolitic  structure.  Underneath  this  are 
shales,  siliceous  slates,  and  some  black  laminated  slatc,'^  considered  by 
good  authorities  as  of  the  a^e  of  the  Chemung  group.  Below  these  are 
well  marked  Devonian  strata. 

The  general  features  of  the  geology  of  Tennessee  were  defined  in 
the  various  reports  of  Cerard  Troost,  and  some  of  the  names  which 
have  been  preserved  were  proi>osed  by  him. 

In  1869  appeared  Safford's  "Geology  of  Tennessee,''  which  elaborates 
the  work  begun  by  Mr.  Troost,  and  presents  a  systematic  classification 


'  Knglemanu.  H«Dry :  On  t1i»  T>ow<fr  Carboniferous  Hystom  as  developod  in  sontlioru  IlIinoiH.  St. 
I^nifl  Ac4Ml.  Sci.,  Trans..  yoI.  2, 1868.  ]>p.  188-190. 

^This  paper  was  written  later  than  the  pnblimtlon  of  the  llrnt  Report  of  the  txe()]o);ical  Survey  of 
Illinois,  in  which,  as  is  quoteil  on  a  previoun  paj^e,  the  name  "  ChoMter  j(roup,''  waM  proposed  to  include 
tlie  formations  which  had  previously  gone  under  the  names  "  Kaskaskia  liuiestoue,"  "  Ferru);inoos 
•andfttone."  and  "  Chester  limestone." 

Dr.  Enislemann.  who  was  at  the  time  of  writinjx  this  paper  (1868)  one  of  the  geologists  on  the  surrey 
of  IlUnolB,  elaborates  the  facts  as  ozhibite<l  in  southern  lllinoiB. 
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of  the  formations  in  unison  with  the  correlations  and  nomenclatare  of 
neighborinf:  States. 

In  Mr.  Safford's^  report  the  upper  Paleozoic  terrane  of  Tennessee  is 
sharply  defined  above  and  below.  It  rests,  with  very  slight  anoon- 
formity,  bat  with  unmistakable  interval,  upon  Upper  or  Lower  Silurian 
rocks,  and  is  capped,  with  more  distinct  interval,  by  the  Cretaceous  or 
later  rocks.    The  classification  proposed  by  the  author  is  as  follows: 

10.  Cretaceous. 

C  Upper  Coal  Measares. 

9.  Coal  Measures <  Couglomerate. 

(  Lower  Coal  Measures. 

u    T^™,^..  no..K^niAi»<.na  S  Mountain  limestone. 

8.  Lower  Carboniferous |  Siliceous  group. 

7.  Black  shale. 

Silurian — either ''6.  Lower  Helderberg;  5.  Meniscus  limestone,  Dyestone  group ; 
or  4.  Nashyille/'  as  the  case  may  be,  etc. 

The  lowest  member  of  this  upper  Paleozoic  terrane  is  the  "black 
shale,"  a  bituminous  black  shale  with  grains  or  nodules  of  pyrite, 
which  is  widely  distributed,  and,  whenever  present,  is  a  valuable  strati- 
graphic  bench  mark.  In  the  eastern  part  of  the  State  it  rests  on  the 
"Nashville,  or  Dyestoue,  or  Meniscus  formation;"  farther  west,  on  the 
opposite  side  of  the  central  basin,  the  subjacent  formation  is  "Meniscus, 
Dyestone,  or  Lower  Helderberg."  West  of  the  Cumberland  tableland 
it  is  not  solely  a  black  shale;  it  thins  on  going  westward,  and  at  Hs  top, 
in  a  lighter  colored  shale,  is  a  thin  layer  of  argillaceous  fetid  concre- 
tionary bodies  called  "  Kidneys,"  and  taking  the  place  of  the  lower  layer 
is  a  stratum  varying  from  1  to  15  feet  of  dark  gray  fetid  sandstone,  con- 
tiiining  the  same  TAngula  seen  in  the  typical  black  sliale.  This  charac- 
ter of  the  formation  is  seen  in  Wayne  and  Hardin  Counties.  The 
author  considered  this  to  be  tlio  equivalent  of  the  Devonian,  and  psir- 
ticularly  of  the  Genesee  shale  of  the  Uainilton  Period  of  New  York.* 
Tlie  highest  rocks  seen  underlying  this  were  referred  to  the  Lower 
Helderberg  division  of  the  Upper  {Silurian.  The  black  shale  through- 
out the  book  is  spoken  of  under  this  name  and  not  as  Devonian.  The 
black  shale  formation  is  in  some  places  associated  with  a  sandstone 
layer  containing  the  same  Lingula^  varying  from  a  few  inches  to  15 
feet.  (Wayne  County.)*^  Above  the  black  shale  is  also  seen  in  places 
a  layer  of  *^ kidney  concretions."  It  is  defined  as  "a  thin  layer  of 
argillaceous,  very  fetid,  concretionary  bodies  called  'kidneys.'"  They 
are  in  a  bluish  shale  and  vary  in  size  from  an  inch  or  less  to  2  feet  in 
diameter.  In  the  more  eastern  sections  this  black  shale  rests  on  the 
''Nashville"  (Sumner County)  "Niagara  or  Dyestoue  group"  (De  Kalb 
and  Maury  Counties) ;  farther  west,  on  the '' Meniscus  limestone"  or  Hel- 
derberg (Wayne  and  Hardin  Counties).  Wherever  it  occurs  it  is  over- 
lain by  the  "Siliceous  group,"  or  else  is  the  top  rock.  The  place  of 
unconformity  is  thus  shown  to  be  below  the  black  shale  formation. 


'  Geology  of  Tennossee,  by  Jamos  M.  Safford,  State  geologist,  Nasliville,  1809. 
*  Ibid.,  }K  157. 
'Ibid.,  P.33L 
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The  <^  Lower  Oarboniferons,"  or  ^'  Formation  Y III,"  is  primarily  defined 
AB  ^'the  great  group  of  strata  intervening  between  the  black  shale  and 
the  Coal  MeasnreSy"  with  a  maximam  thickness  of  1,200  feet.^  This  is 
subdivided  into  (da)  the  ^*  Siliceous  group"  and  (8b)  the  ^<  Mountain 
limestone."  This,  as  the  author  remarks,  *^  is  the  most  useful  division 
that  can  be  made,  so  far  at  least  as  the  consideration  of  the  topo- 
graphical and  agricultural  features  of  the  State  are  concerned." 

The  Coal  Measures  are  classified  by  the  author  in  three  divisions : 
(a)  the  ^'  Lower  Coal  Measures,"  varying  from  a  few  feet  to  300 ;  (h)  the 
"  Conglomerate ;"  (c)  the  "  Upper  Coal  Measures,"  from  200  to  2,000  feet 
thick. 

It  is  evident  that  this  classification  is  primarily  a  natural  classification 
of  the  rock  formations  according  to  their  prominent  petrographic  fea- 
tures. To  take  them  in  detail :  Safibrd's  '^  Siliceous  group "  (8a)  em- 
braces about  the  same  rocks  as  were  previously  defined  by  Troost  under 
the  name  Siliceous  stratum."  The  name  is  suggested  by  the  fact  of  the 
predominance  of  siliceous  material  in  the  rocks  in  the  form  of  <<  chert, 
fine  sandstone,  silicocalcareous  rock  or  siliceous  shale."  The  ^<  Siliceous 
group  "  as  it  appears  in  Middle  Tennessee,  is  subdivided,  into  ^<  a  lower," 
the  ^^Frotean  memherj^  and  an  upper  or  "  Lithostroutiou  bed."  From 
a  study  of  the  characters  distinguishing  the  two  it  is  evident  (hat  the 
presence  of  the  Lithostroution  in  the  upper  member  is  chietiy  relieil 
upon,  the  lithologic  characters  not  presenting  any  constant  distinction, 
and  the  author  states  that  no  division  is  practicable  in  Kiist  Tennessee.' 
Two  characters  are  mentioned  as  pertaining  to  the  ^' Litbostrontion 
bed  " — thefossiliferous  character  of  the  cherts  and  the  liberation  of  oxide 
of  iron  in  the  decomx)osiug  of  the  cherts.  The  author  also  thinks  the 
two  members  become  one  below  Huntsville,  on  the  anticlinals  of  Ala- 
bama,^ being  characterized  throughout  by  LUhostrontion  Canadense. 
He  correlates  the  "  Protean  member"  in  general  with  the  "  Lower  (car- 
boniferous limestone  below  the  St.  Louis  limestone"  of  the  Iowa  and 
Illinois  and  Missouri  classification,  and  the  ^^Lithostroution  bed  "he 
correlates  with  the  "  St.  Louis  limestone."  The  ''  Mountain  limestone" 
is  ^'a  heavy  group  of  limestones  and  shales,  the  latter  constituting  in 
the  aggregate  about  one-fourth  of  the  mass,"  including  a  sandstone  near 
the  base  which  in  the  northern  part  of  the  State  is  40  or  50  feet  thick. 
This  formation  reaches  it«  maximum  thickness  in  the  southern  part  of 
the  State  (720  feet),  decreasing  going  northward  until  near  the  Ken- 
tucky line  it  is  reduced  to  400  feet.*  The  limestones  are  often  argilla- 
ceous, sometimes  oolitic,  but  rarely  cherty.  The  fauna  is  considered 
e4]uivalent  to  that  of  the  Kaskaskia  limestone  (Hall)  of  the  Northwestern 
States  (=the  (.'hester  limestone  of  Worthen).  Thus  the  name  ''  Moun- 
tain limestone  "  is  used  in  a  restricted  sense. 

The  author's  classification  is  primarily  a  lithologic  classification  of  the 

*  Geology  of  TemioBsoe,  by  James  M.  Safford,  State  geologiati  IfashTille,  1869,  p.  338. 
•Ibid..p.M7.  •n)id.,p.8Mi  ^IbV^.l^.'iSk 
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strata  rej^resented  within  the  State.    Above  the  Silarian  ihey  are  as 

follows : 

1.  Black  slate  formation,  at  the  ba^e, 

2.  SiliceouH  formation,  or  the  HorieH  of  chorty  limestones, 

3.  llie  Argil lo-limestone  formation,  called  the  Mountain  limestone^ 

4.  The  Lower  Coal  Measures,  separated  by 

5.  The  conglomerate  from  the 
G.  Upper  Coal  Measures. 

Fossils  were  reported  and  were  used  iD  correlating  the  several  for- 
mations, but  the  subdivisions  were  much  less  finely  drawn  than  in  Illi- 
nois, Missouri,  or  Iowa,  where  fossils  were  more  abundant  in  the  Mis- 
sissippian  series. 

The  classification  of  the  Lower  Ccirboniferous  formations  into  two 
groups,  the  '^Siliceous"  and  the  ^'Mountain  limestone,"  is  worthy  of 
attention,  but  until  the  faunas  are  thoroughly  studied  this  can  not  be 
considered  as  final.  A  comparison  of  the  various  faunas  reported  from 
the  "  Subcarl)oniferous,"  or  "Lower  Carboniferous"  formations  of  the 
interior  had  already  demoustrateil  considerable  difference  in  the  asso- 
ciation of  species  in  different  parts  of  the  area,  but  of  the  marine  faunas 
the  line  wlii<?h  appears  generally  more  sharply  drawn  is  that  between 
(a)  the  St.  Louis  (and,  where  present,  the  Warsaw,)  and  {b)  the  fauna 
next  below,  as  the  Keokuk  and  Burlington. 

In  the  reports  of  the  second  survey  of  Iowa,'  some  modification  of  the 
classification  proposed  by  Jame«  Uall  in  1858  is  seen.  Mr.  White  re- 
ported in  volume  1  the  following  classification: 

Feet. 
fUppor 200 

Coal  MeaMurea •[  Midtllo   200 

I  Lower *JU0 

(St.  LouiH  liiiiostouo 75 

Suhcarhoiiiferons....;  K«'okuk  limostonc 90 

j  BiirIiu<;ton  liiiieNtoiio li)0 

I  Kiudorliook  l>cd8 175 

Devonian Hamillou Hamilton  slialoN  and  linit'stone 200 

Silarian Niapira  liniastono ,.. 

Mr.  White  referred  all  the  Devonian  strata  of  Iowa  to  a  single  for- 
mation, the  Hamilton  group  of  Xtnv  York,  and  <lid  not  recognize  any 
representative  of  either  Upper  llehlerberg  or  Cheninng.  The  Carbon- 
iferous system  is  present  in  only  the  two  members,  which  he  called 
"ISubearboniferous'-  and  **Coal  iMeasures."  He  used  *' Subcarbon- 
iferous  group"  as  synonymous  with  theohl  terms  "Carboniferous  lime- 
stone," '*Subcarboniferoiis  limestone,"  and  ''Mountain  limestone."  In 
the  subdivision  of  this  group  and  its  nomenclature  he  evidently  follows 
the  first  and  second  Illinois  reports. 

Mr.  h\  i».  Meek^  wrote  a  report  on  the  Spergen   Hill  fossils  in  1873. 


Carbonilorous. 


'Report  on  th«i  (}<^)Io^'u'h1  Survt\v<»f  tho  State  or  Towa  to  tlio  Tliirt«M».nlh  Gfiu'nd  AHScnilily,  lor 
1870,  <oiit.'tiiiin<r  rc-hultH  of  oxaminHtions,  otc,  luade  186(1, 1H07,  ISCS,  and  18til*.     Uy,  Charlort  A.  White, 
H.  I).     Vol.  1,  IfilO. 
'  Mtfk,  F.  It. :  Sporiiou  Hill  fossiU  ideatitlcHl  amonf^Hpeciuu'UH  from  Idaho.     Aiu.  Jour.  Sci.,  Sdser., 
vol  5,  1873,  pp.  :i63,  li8i. 
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The  Spergen  Hill  fossils  found  at  Bloomtngton,  lud.,  at  about  the  ho- 
lison  of  the  Lower  Carboniferous  series^  are  miniature  representatives 
of  known  larger  species,  belonging  for  the  most  part  to  the  genera  of 
OoralSy  Blastoidea,  Brachiopoda,  etc.  They  are  crowded  together  in 
immense  numbers,  but  finely  preserved,  in  this  locality,  and  a  few  have 
been  found  at  the  same  horizon  in  Illinois,  Iowa,  and  Missouri,  but. 
none  in  such  numbers,  or  in  any  lociUity  west  of  Missouri  or  Iowa,  until 
Mr.  Meek  discovered  hundreds  of  these  little  fossils  in  a  small,  dark- 
gray  mass  of  crumbling  limestone,  brought  by  Professor  Bradley^ from 
Idaho.  The  fossils  belong  to  about  17  species  of  the  same  genera  found 
at  Spergen  Hill,  and  of  the  species  about  one-half  were  undistinguish- 
able  from  the  Spergen  Hill  forms. 

In  the  first  annual  report  of  the  Snrvey  of  Minnesota^  a  chart'  is  pre. 
sented  with  some  modifications  in  the  classification  and  correlations  of 
the  Missisippian  series. 

The  Carboniferous  system  is  represented  on  the  chart,  although  noth- 
ing representing  it  is  recorded  for  Minnesota,  and  is  divided  into  the 
following  groups : 

Permian. 
Coal  Mca8iire. 

Carboniferous  conglomerate. 
Snbcarbon  iferous. 

The  Subcarboniferous  group  is  made  up  as  follows  for  North  America: 

r Cheater  limestone. 

f  Mi88iH8ipi.i  formation  <  f-  ';"";'*  >""''«t»«»e- 
I  ]  Keokuk  limestone. 

Subcarboniferous ^  [  Hurlinston  limestone. 

VMarsball  formation Marshall  .sandstoue. 

The  ^* Mississippi  formation"  is  the  equivalent  of  the  '^Mountain 
limestone"  of  Europe  and  Tennessee. 

The  "  Marshall  formation  "  is  the  equivalent  of  the  '*  Kinderhook  "t)f 
Iowa  and  Illinois  and  of  the  ^'  Old  Red  »audhtone  "  of  Europe. 

The  Devonian  system  is  made  up  as  follows : 

Systom.  Group*.  ForniattunH.  Strnfu  uf  North  America. 


„      ■^^                        Ej       1*  S  "»roii  shale. 

Hamilton Hamilton / 

^  Hamilton  liu 


mestone. 


Devonian  ..  <^  Coruiferous. .  S  Coruifcrous  limestone. 

Upper  Helderberg  ]  ^^^omhiirQ,  limestone. 

I  ..  .  ,  I  Schoharie  grit. 

vOnskany....  I  ^ 

\  Cauda-galli  grit. 
I  Oriskany  sandstone. 

The  usage  of  ^'  Mississippi "  sis  a  name  for  the  limestones  of  the  Sub- 


1  The  Oeologicol  and  Natural  History  Survey  of  MiiineiMta,  by  N.  U.  Wiucbell,  State  (TeoloRlst, 
1873. 

'  Chart  of  geolof^ical  noiiienclaturo,  intoudnil  toexprosHtho  n-liition  of  MiiiiiesotA  to  the  throat  gixi- 
logical  series  of  the  eartb,  audthe  probabin  04111  vulonry  of  aonu^  of  U\o  uauxOA  \»Vv<^  toxxsv^NKoitiA  \a>n« 
reoetred  in  tlie  various  StAtea  snd  in  Euivpe,  opp.,  p.  40. 
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carboniferous  is  according  to  the  proposal  of  Alexander  Winchell  in  1870, 
(see  ante,  p.  1^).  The  ''  Marshall  formation  "  is  also  according  to  the 
classification  proposed  by  Alexander  Winchell.  As  the  whole  Carbon- 
iferoQs  and  all  of  the  Devonian  except  beds  with  a  very  meager  fkuna 
are  wanting  in  Minnesota  and  the  anthor  does  not  explain  the  reasons 
for  his  departures  from  ordinary  usage,  it  is  useless  to  make  further  com- 
ment. 

In  1873  two  reports '  were  ])ublished  upon  the  geology  of  Hissonri, 
nnder  the  directorship  of  Mr.  Raphael  Pumpelly. 

In  the  iirst  of  these  reports  the  work  consists  of  material  previously 
unpublisheil,  mainly  detiiils  of  county  surveys  made  before  1861,  the 
maps  and  charts  having  been  struck  off  prior  to  1861.  Pages  1  to  110 
are  by  G.  0.  Broad  head,  111  to  188  by  F.  B.  Meek,  and  189  to  323  by  B. 
F.  Shumard.  The  nomenclature  is  substantially  the  same  as  that  of  the 
first  and  second  reports  of  G.  C.  Swallow,  1855. 

In  Mr.  Shumard's  report  on  Sainte  Genevieve  County,'  a  classification 
is  given  which  deserves  attention. 

Opposite  page  292  is  an  engraved  chart  entitled  "Vertical  section  of 
strata  observed  in  Sainte  (ienevieve  County,  by  B.  F.  Shumard." 

The  part  of  this  chart  referring  to  the  present  discussion  is  as  fol- 
lows: 
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o 


e.  Coal  Measures. 


Feet. 

Hani  Milicoous  limestone 10 

Dark  purple  and  drab  shale 25-40 

Micaceous  sandstone 30 


h.     ArcliiinedoH  liinostont^  or  Kaska^ikia  liinoNtoiio ^)0 

/.     Sandstone - 80 

/('.    ArchimodeM  liuK^Ktone 50 

g.      St.  i-.oui.s  linieHtone 150 

S  Oolitii:  limestone -. ..  20 

\  ArohinicMles  limestone  or  Warsaw  limestone 80-100 


h' 


I 


i.  Euirinital   limestone 200-300 


p 

*5 
c 
> 

p 


Chemung   .  j.    ('houteau  limesttMie iK) 

group.      \  k.  Vermicular  sandstone  and  shale T      25-30 


L     Sandstone 25 

p.    Hamilt4>n 25 

m.  Oriskany 


As  exi)laiued  in  the  text,  the  upper  Archimedes  limestone  (h)  is  the 
equivalent  of  Iliiirs  '' Kaskaskia  limestone;"  the  '* Sandstone "  (/)  is 
the  '*  Ferrujifinous  sandstone"  of  the  earlier  rei>ortH. 


*  lU^poitHoii  th«' jr«'olt>;;icjd  Miirvey  of  the  State  of  MiHsoiiri.  1>.',5  1S71,  by  G.  C  llroadhoad,  F.  B. 
Meek,  anil  li.  F.  Sliuuiard,  ])ubli}«hfMi  by  aiithdiity  of  tlio  It-^ishituif.  under  tbi' direction  of  tbe  Bureau 
of  (ifolo;^y  and  Aliucx,  \>\k  '.ISi,  and  index,  1K73. 

Preliminary  loport.  tm  tliu  inm  oren  and  coal  tlrlds  fnmi  tbu  lit-ld  w<»rk  of  1*^72.  I'urt  1,  pi>.  1-218, 
pari  ir.  pp.  1-401!,  lM>iind  in  one  vnhinio.     Kiipha«>I  I'linipelly,  din-ftor.     IST'.l. 

Part  II.  (jieol(»i;y  of  NorthweBturu  Miu;>ouri,  by  (i.C.  Ihuadbead,  and  of  Liucolu  County,  by  Wm. 
B.  Potttr. 
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The  name  '^  Ste.  Genevieve  limestone^  is  proposed  for  the  second 
Archimedes  limestone  (V)  of  the  table  (p.  293). 

The  '* third  Archimedes  limestone^  (h")  is  the  <* second  Archimedes'' 
or  ^*  Warsaw  limestone''  of  Hall's  section  (p.  294). 

The  dassiflcation  of  the  formations  between  the  top  of  the  Encrini- 
tal  limestone  and  the  base  of  the  Goal  Measures  into  a  distinct  gronp 
under  the  name  ^< Archimedes  group"  is  worthy  of  particular  notice. 
Although  the  author  made  little  account  of  it,  and  as  far  as  I  have 
ascertained  no  further  notice  has  been  taken  of  it,  recent  studies  have 
convinced  me  that  the  primary  subdivision  of  the  Mississippian  series, 
based  upon  affinity  and  difference  iu  the  faunas,  calls  for  a  line  of 
demarcation  at  the  place  here  indicated.  The  faunas  of  the  Chester, 
St.  Louis,  and  most  of  those  referred  to  the  Warsaw  formations  are  pale- 
ontologically  more  closely  allied  than  they  are  to  the  faunas  of  the  Keo- 
kuk and  Burlington — ^i.  e.,  the  Eucrinital  of  the  Missouri  geologists — 
and  considering  the  variations  in  the  lithologic  characters  of  these  for- 
mations in  different  parts  of  the  Mississippi  province  I  believe  the 
division  of  the  Mississippian  series  Into  three  groups  defined  upon 
paleontologic  grounds  will  greatly  facilitate  the  understanding  of  the 
relations  of  the  various  formations,  whose  differentiation  hitherto  has 
been  made  upon  lithologic  character.  This  will  avoid  the  necessity,  as 
the  finer  details  of  the  geology  are  developed,  of  forced  correlation  with 
already  named  formations,  which  is  the  only  alternative  to  proposing 
new  names  where  the  local  stratigraphy  is  dissimilar  to  that  of  the  typ- 
ical section^ 

For  the  uppermost  of  these  groups,  which  is  that  called  Archimedes 
group  by  Dr.  Shumard,  I  would  propose  the  name  Genevieve  group,  as 
it  was  first  defined  in  the  county  of  Ste.  Genevieve,  by  Shumard,  and 
along  the  eastern  border  of  this  county  is  well  represented,  as  is  shown 
in  Shumard's  Keport. ' 

To  apply  this  classification  I  propose  the  following  scheme,  whioh 
expresses  the  subdivisions  into  groups  indicated  by  the  fossil  faunas 
of  the  Mississippian  series: 


(  CbcHter. 
Genevieve  group.. .  ■?  .St.  Louis. 

C  Warsaw  (iu  part). 

I  Osacre   irroun  J  Keokuk. 

MisDiaaippian  series.  ^^    ^     group ^  Burlington. 

r  Chouteau  liiiiostone  and  the  "Vermic* 

Piwm^Aun  (rro.m         J      ulat"  aucl  **  Litliograohic  "  loniiations 
Chouteau  group....  ^      ^  proposed  by  0.  C.  Broadhead  iu  the 

I     following  report: 

In  1874  Mr.  G.  C.  Broadhead  published  a  detailed  report  of  surveys 
made  by  him  as  State  geologist  during  the  years  1873  and  1874.^ 

*  Oeol.  Surv.  Minsouri.  1855-*71,  pp.  292-2M. 

*  Report  of  the  Gooi(>|{ical  Survey  of  tho  Statu  of  MiHsouri,  iDcludinf;  iii4d  work  of  1S12-*7A^  with 
91  illiifiirHtioiia  and  an  atlaa,  by  Garlanil  0.  Broadhead,  Statu  Geului;iat.  Printt*d  by  the  authority  and 
under  the  direotioii  of  the  Bureau  of  Geology  and  Hinoa.    JeifenMUi  City,  1874  (py.  734  and  iDdKX\« 
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The  classificatiou  he  proposed  is  slightly  different  from  that  given  in 
Mr.  Wortlien's  first  report  of  the  Geological  Survey  of  Illinois  (1866).^ 

It  is  as  follows: 

'  Upper  ooal. 

Middle  coaL 
Upper  CarboDiferonaor  Coal^  ^^^^^  ^^ 

MeasoieB. 


Carbon  i  f  e  r- 
ouH  syHteui. 


V 

Chester  group  ..  < 


Lower  CarboniferouB 


Clear  Creek  sandstone  and  lower  ooaL 

Chester  limestone  and  Fer^ 

raginoos  sandstone. 

flf  T  ««;o  »,^n,«  S  St.  Louis   limestone    and 
St.  Louis  group.  <     ___  ,.       ^ 

c     Warsaw  bmestone. 

Keoknk  gronp..  \  Encriiiital  and  Burliugfam 

c     eronp. 


gronp. 

i Chouteau  limestone. 
Veruiicular  sandstone  and 
shale. 
Lithographic  limestone. 

!  Hamilton. 
Onondaga. 
Upper  Silurian Oriskany. 


Dflvouian  system 


In  the  use  of  Chester,  St  Loais,  and  Keoknk  gronps  he  follows 
Wortlieu  (1806). 

Uo  ])roi)08cs  the  nan>e  ^'Choutean  group"  to  take  the  place  of  the 
'« Chemung  group  "  of  Swallow's  Keport  of  1855,*  which  included — 

1.  Chouteau  limestone,  100  feet. 

2.  Vermicular  sandstone  and  shale,  75  feet. 

3.  Lithographio  limestone,  r»5  feet. 

" The  (Uiouteau  limestone,"  he  reported,  "in  the  npper  part  is  a 
coarse  ^ray  limestone  resembling  the  lower  beds  of  the  Encrinital  lime- 
stoue.  in  fact  it  is  a  bed  of  passage-,  as  it  often  contains  fossils  com- 
mon to  both."  "  At  the  base  of  the  group  in  northeast  Missouri  a  few 
feet  of  black  slate  are  occasionally  Seen."  The  volume  adds  very  little 
to  the  development  of  the  ex)rrelations  of  this  region.  The  "  Chouteau 
group ''  is  a  very  ai)propriate  addition  to  the  nomenclature.  The  chissi- 
iieation  of  these  foruiations  as  a  group  had  been  early  recognized,  but 
the  erroneous  correlation  lixed  upon  it  a  name  which  no  one  had  here- 
tofoie  rei)lace<l.  The  '' Kinderhook  group"  of  Meek  and  Worthen  is 
synonymous  from  a  stratigraphic  point  of  view,  but.  the  fauna  and  lithol- 
ogy  of  the  (Uiouteau  group  on  the  western  margin  of  the  Ozark  uplift 
]>reseut  sutlicient  <lil}'erences  to  make  the  retention  of  the  name  desir- 
able. 

As  we  conclude  this  review  of  the  development  of  the  (jorrelation  and 
classification  of  the  Mississippian  series,  the  problems  appear  simple, 
but  they  were  complex  and  confusing  to  those  who  elaborated  them. 


•  Report  of  tho  (J!folo>;iral  Survoy  of  t\w  State  of  MiHsouri.  incliuliiij:  firM-work  of  IHTIl-'Tl,  with 
I^I  iUustrHtUniH  iuu\  an  atloM,  by  Garland  C.  Un>n4lhoa4l,  Stat4>  GtMilo^ist.    I'l  iut«  d  by  the  uutburity  and 
umltT  tlw  dinutiun  of  the  iiurt'AU  of  Geology  and  ^'mea.    Julluraon  City,  1674,  pp.  20,  21. 
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In  New  York  State,  which  had  given  the  most  perfect  section  of  npper 
Paleozoic  formationsy  there  appeared  a  complete  series  of  deposits 
distinguished  by  easily  recognized  differences  in  their  lithologic  char- 
acters and  in  the  fossils.  The  Goal  Measures  in  Pennsylvania  formed 
an  easily  recognized  datnm  above,  and  below  the  Devonian  the  sections 
led  by  regular  stages  downward. 

As  the  eastern  geologists  went  westwanl  they  attempted  to  correlate 
the  deposits  discovered  with  the  familiar  standards  of  the  Appalachian 
province,  the  New  York  and  Pennsylvania  systems.  The  geologists 
who  began  their  investigations  in  the  MiMsissi])pi  Valley  and  westward 
correlated  the  formations  with  European  standards,  finding  little  to 
help  them  in  the  e^istern  sections,  and  in  the  liner  subdivisions  classi- 
fied them  independently,  as  the  New  York  geologists  had  already  done 
with  their  strata. 

On  comparing  notes,  the  geologists  found  that  there  were  unmistak- 
able differences  in  the  rocks  which  occupied  the  same  general  intervals, 
which  were  more  extreme  the  more  distant  the  contrasted  sections 
were  from  each  other,  and  they  assumed  (a  conclusion  which  was  nat- 
ural at  that  stage  of  progress  in  the  science)  that  like  differences 
might  be  allowed  for  the  faunas.  This  error  was  fatal  and  delayed  for 
years  the  acceptance  of  the  <5orrect  interpretation  which  those  who 
dei>ended  uiK)n  evidence  of  fossils  alone  made  in  the  early  part  of  the 
discussion. 

With  the  recognized  variation  in  the  composition  of  the  strata,  a 
black  shale  which  was  present  in  a  great  number  of  the  sections  across 
the  country,  and  c^irtaiiily  below  the  Coal  Measures  and  above  Silurian 
rocks,  was  seized  upon  as  a  coniuion  horizon  by  means  of  whieli  the 
sections  of  separate  States  might  be  tied  together.  Tlic  problem  re- 
garding the  black  shale  consisted  in  the  fact  that  in  the  standard  sec- 
tions of  New  York  there  were  two  bhuik  shales,  the  IMarcellus  and 
Genesee,  with  the  rich  Uamilton  fauna  between  them.  When  correla- 
tions were  followed  across  the  States  it  was  seen  that  no  black  shale 
appeared  in  the  northern  part  of  the  Mississippi  Valley,  but  a  Hamil- 
ton fauna  was  found,  and  in  the  more  southern  sections  little  or  no 
trace  of  Hamilton  faunas,  but  a  single  bhu'k  shale. 

In  the  solution  of  this  problem  a  study  of  the  fossils  alone  finally 
brought  out  the  truth. 

A  third  problem  came  up,  particularly  concerning  the  sections  of  Ohio, 
Michigan,  and  western  rennsylvania.  With  slight  differences  in  the 
characters  of  the  de^wsits,  on  i)assing  westward  from  the  typical  upper 
Devonian  of  New  York,  there  appear  slight  changes  in  the  character 
of  the  faunas.  The  question  was,  Is  this  a  geographical  modification, 
or  is  it  a  change  coordinate  with  sequenct't  of  time?  For  the  Chemung 
faunas  do  not  extend  wei:*tward  under  the  Waverly,  nor  do  the  Waverly 
faunas  extend  eastward  over  the  Chemung.  This  i)roblem  is  being 
gradually  settled  by  a  minute  study  of  the  fossils,  and  the  di&QOv^^'j  q»^ 
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the  characteristicfl  of  Bpecies  cooTriinate  with  temporal  Begoenee.  It  la 
the  light  which  evolation  haB  throws  apon  tho  history  of  organianiB 
thafc  is  doing  more  to  dear  up  the  correlations  involFod  tbaii  all  the 
minate  stratigraphy  which  has  been  applied  to  their  interpretation. 
The  true  position  of  the  firana  in  the  chronologic  scale  was,  moreoyeir, 
first  clearly  discerned  in  the  Mississippian  series  by  Meek  and  Worthen, 
whoy  in  1861y  proposed  the  name  '^Kinderhook  group"  for  the  errone- 
oasly  identified  Ohemnng  rocks  of  Iowa,  Illinois,  and  Missoori.  The 
fundamental  correlation  involved  had  been  announced  as  early  aa  1847 
by  M.  de  Vemeuil,  but  Mr.  Meek  was  the  first  American  patoontoI<q^ 
to  insist  on  the  correctness  of  the  interpretation,  and  to  carry  it  out  in 
the  classification  of  the  rocks  of  the  country. 

Another  i^blem  which  chiefly  concerns  the  various  membeES  of  the 
Mississippian  series  is  that  regarding  the  subdivision  and  oonelatiiHi  of 
the  parts  of  the  series  as  exhibited  in  separate  sections. 

So  far  little  advance  has  been  made  beyond  the  interpretation  given 
by  Dr.  D.  D.  Owen  in  1852,  chiefly  on  structural  grounds. 

In  the  geological  reports  of  Iowa  and  Illinois,  and  in  separate  pnUi- 
cations  elsewhere,  the  faunas  have  been  largely  described,  but  the 
materials  have  not  been  studied  with  sufficient  attention  to  their  biologi- 
cal character  to  determine  the  true  relations  of  the  fiuinas  to  each 
other  and  to  chronologic  sequence.  The  evidence  now  in  hand  enaUea 
us  to  point  out  where  to  draw  the  paleontologic  lines  to  indicate  the 
three  general  faunas  above  named,  1,  Chouteau;  2,  Osage  group;  and  S» 
Oeuevieve  group ;  but  the  full  content  of  each  fauna  and  the  precise 
I>oiuts  at  which  the  stratigraphic  lines  should  be  drawn  in  local  sections 
is  not  in  all  cases  clear. 


CHAPTER    VIII. 

THE  WAVBRLY  PROBLEM :  THE  HISTORY  OF  THE  DISCUSSION 
CONCERNING  THE  CORRELATION  OF  THE  WAVERLY,  MAR- 
SHALL, GONIATITE  LIMESTONE,  KINDERHOOK  AND  CHOUTEAU 
FORMATIONS. 

In  the  second  stage  of  development  in  the  history  of  geologic  correla- 
tions, American  geologists  did  not  rely  solely  upon  fossils,  but  promi- 
nent stratigraphic  units  of  each  new  province  surveyed  were  identitied, 
partly  by  their  petrographic,  partly  by  their  paleontologic  characters; 
and  local  and  independent  classifications  and  nomenclatures  were  con- 
structed, using  these  stratigraphic  units  as  datum  levels.  Thus  the 
Goal  Measures,  with  actual  coal  beds,  formed  the  most  conspicuous 
datum  plane  for  the  correlation  of  the  interior;  then  the  limestones 
below  were  correlated  with  the  Carboniferous  limestones  of  England. 
Going  still  finer,  the  Black  shales  (often  called  "  black  slates^)  assumed 
a  prominent  rdle  in  detcrmiuing  the  division  line  between  the  Car- 
boniferous and  Devonian. 

The  Coal  Measure  Conglomerates  have  also  played  a  prominent  part 
in  marking  the  bi\se  of  the  Coal  Measures,  although  in  actual  age,  as 
represented  by  the  evolutional  history  of  organisms,  I  am  inclined  to 
believe  that  in  different  parts  of  the  country  the  whole  length  of  the 
Carboniferous  limestone  period  transpired  between  the  times  when  the 
lowest  Coal  Measures  of  the  several  regions  began,  and  that,  therefore, 
Conglomerates  which  mark  tlie  elevation  preceding  sucli  Coal  Measures 
vary  greatly  in  age.  The  Oriskany  sandstone  played  a  similar  part  in 
the  more  eastern  sections.  The  Catskill  sandstone,  as  the  supposed 
equivalent  of  the  Old  Red  sandstone,  formed  a  conspicuous  landmark 
and  division  plane  between  Devonian  and  Carboniferous  in  the  northern 
Appalachian  iirovince. 

The  influence  of  the  belief  in  the  continuity  of  such  stratigraphic 
units  was,  and  is  still,  one  of  the  stumbling-blocks  in  the  way  of  a  cor- 
rect interpretation  of  the  relation  between  the  Waverly  formations  of 
Ohio,  and  the  more  eastern  strata  of  New  York  and  Pennsylvania  and 
those  of  Indiana  and  the  Mississippi  province  farther  west. 

In  the  more  minute  application  of  correlation  methods  the  same  in- 
fluence predominates.  In  attempting  to  chissify  the  formations  across 
State  boundaries,  the  prevailing  custom  has  been  in  the  case  of  each 
prominent  limestone  or  sandstone  to  seek  the  corresponding  limestone 
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or  nandstone  in  the  nearest  State  already-  surveyed  ^ith  which  to  oor- 
n^hite  it.  This  custom  is  satisfactory  iu  sowc  cases,  and  la  others  it 
fails  because  of  tlie  inconstancy  of  the  conditions  of  sedimentation ; 
and,  using  thp  criterion  of  fossils,  whenever  considerable  distance  in- 
tervenes, there  is  clear  indication  of  difference  in  the  time  of  beginning 
and  ending  of  a  formation  which  in  its  general  characters  may  indicate 
equivalency  of  age.  Doubtless  the  same  principles  of  correlation  have 
been  applied  in  the  interpretation  of  the  formations  below  and  also  of 
those  above  the  Upper  Paleozoic.  Of  these  others  may  speak.  This 
custom  having  prevailed  during  tlie  last  lifty  ye^rs,  it  is  in  the  discus- 
sion regarding  the  correlation  of  the  dominant  stratigraphic  units  that 
we  find  best  expressed  the  methods  and  usages  emjiloyed. 

J)uriug  the  bust  half  century  a  large  number  of  papers  have  been 
written,  liaving  as  a  common  theme  some  form  of  the  problem  regard- 
ing the  demarkation  between  the  Devonian  and  Carboniferous  systems. 
Tiiese  papers  and  discussions  liave  gathered  mainly  about  the  inter- 
pretation, taxonomic  value  an<l  position  of  the  Waverly  group,  the 
Jvinderhook  grou^),  the  Marsliall  group,  the  JUack  shale  and  Groniatite 
limestone  formations,  the  Oatskill,  the  '^Old  Ked  sandstone,"  and  the 
variously  named  Conglomerates. 

The  determination  of  the  demarkation  between  the  Devonian  and 
('arhoniferous  systems  presented  itself  under  different  names  to  each 
of  the  State  surveys  of  the  States  in  which  the  transition  is  seen.  In 
New  York  and  the  States  of  the  Appalachian  Basin  it  appeared  in  the 
discussion  regarding  the  Catskill  formation  and  the  (conglomerates; 
in  Ohio  it  was  reganling  tiie  Waverly  formations;  in  Michigan  it  was 
the  Marshall  group ;  in  Indiana  it  wa^  about  the  (xoniatite  limestone  and 
tiie  IJlack  shale;  in  Kentn(rky  and  Tennessee  it  was  the  lUjick  shale  and 
the  Sili^'eous  group;  in  Illinois  it  was  the  Kin^lerhook  group;  in  Iowa 
and  Missouri  it  ai)i»eaiiMl  first  undrr  the  name  *'Cliemung  gi'oup,"  later 
as  Kinderhook  group  iu  Iowa  and  as  ('houteau  grouj)  in  Missouri.  In 
oaeh  of  these  various  Stat<\s  the  ilitlicnlties  were  similar:  the  absence 
of  any  satisfactory  de finite  standartls  of  delimitation,  either  in  strati- 
graphic  or  paleontologic  terms,  between  the  J)evonian  and  Carbonifer- 
ous systems. 

In  Mew  York  State  tin'  highest  pure  marine  fauna  in  the  Chemung 
is  equivalent  in  a  general  way  to  tin*  upper  Devonian  fauna  of  North 
J)evonsliire.  Hut  some  of  the  sptujies  reeonh»d  in  the  upper  Devonian 
of  Kurope  are  more  conspicuous  in  formations  stratigraphically  alwve 
the  ( 'heiuung  horizon  in  Aiiieriea.  Again,  the  Catskill  ibrmatious  in 
New  York,  eoiitaining  estuarian  faunas,  (tarry  also  plants,  which  on 
the  one  Ihunl  indit'ate  close  atlinities  with  the  Cari)Oiiiferous,  but  are 
straligraphieally  well  below  true  Carboniferous  deposits  of  the  Appa- 
])ahieliian  province. 

When,  however,  New  Y^ork  series  are  taken  as  the  stan<lard,  the  ter- 
inJualpart  of  the  Devonian  presents  no  parallel,  either  stratigrai)hically 


wiLUAna)  STRATA   IN  MICHIGAN.  175 

or  paleontologioally,  even  in  Ohio ;  still  less  in  the  States  farther  west. 
In  each  case  it  is  a  comparison  of  allied  bat  dissimilar  series. 

The  Oatskill  and  Conglomerate  problems  are  discussed  in  a  former 
chapter.  Some  of  the  problems  associated  with  the  Kinderhook  and 
Ghontean  gronps  have  been  considered  in  the  chapter  on  the  Missis- 
sippian  series.  In  the  present  chapter  I  propose  to  consider  the  prob- 
lems associated  with  the  correlation  of  the  Waverly,  the  Marshall,  the 
<^  Black  shale"  and  the  Ooniatite  limestone  formations,  and  secondarily 
the  Kinderhook  and  Ghoatean.  In  the  first  chapter  is  discussed  the 
development  of  opinions  and  nomenclatnre  concerning  these  formations 
up  to  1843,  and  in  the  chapter  on  the  general  correlations  of  the  fonna- 
tions  westward  from  New  York  to  the  Mississippi  Valley,  this  devel- 
opment is  traced  onward  to  abont  the  year  1851. 

The  succession  of  strata  in  Michigan  as  published  in  1838>M1,  ar- 
ranged in  descending  order,  as  compiled  from  Dr.  Houghton's  Annual 
Eeports,  is  as  follows  :^ 

XXXI.  Recent  Allavinm. 
XXX.  Ancient  AUuviam. 
XXIX.  Erratic  Block  and  Dilayinm. 
XXVIII.  Tertiary  Clays. 
XXVII.  Brown  or  gray  sandstone. 
XXVI.  ArjiriliaceoQs  iron  ore. 
XXV.  CoaUtrata. 

XXIV.  Bed  or  variegated  sandstone. 
XX II I.  Gray  or  yellow  sandstone. 
XXII.  .Shales  and  coal,  Lower  Coal  Bieasares. 
XXI.  Blue  compact  slaty  sandstone. 
XX.  Gray  limestone  or  upper  lime  rock. 
XIX.  Fossiliferous  ferruginous  sandstone. 
XVIII.  Kidney  iron  formation.* 
XVII.  Sandstone  of  I*oint  aux  Barques. 
XVI.  Clay  Hlates  aud  flags  of  Lake  Huron. 
XV.  Point  an  Gr^^  and  Manistee  limestone. 
XIV.  Soft,  coarse-grained  sandstone. 
XIII.  Black  bituminous,  aluminous  slate. 
XII.  Limestone  of  Lake  Erie. 

D.  CorniftTons  limestone;  C.  Thunder  Bay  and  Litlj^e Traverse  Bay 
1iuiest<>ne(/-a);  B.  Black  bituminous  limestone;  A.  Blue  limestone. 
XI.  Mackinac  limestone. 
X.  Polypif^rouH  portion  of  Upper  Limerock. 
IX.  PentameruH  jKirtion  of  Upper  Limerock. 
VIII.  Lower  limerock  and  shale. 
VII.  Sandy  limerock. 
VI.  Upper  gray  sandstone. 
V.  Lower  or  red  sandstone  and  shale. 
IV.  Mixed  conglomerate  and  sandstone. 
III.  Conglomerate. 
II.  Metamorphic  rock. 
I.  Primary  rocks. 

>  Fint  Biennial  Report  of  Progrem  of  the  Geological  Sarvey  of  Michigan,  etc.,  Lanaiuf;,  1861,  pp.  1^ 
18, 14, 15. 
'  IB  this  daaaiflcation  No.  XVIII  is  made  the  lowest  bed  of  the  CaxbonifieioxiA. 
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In  1851  Charles  Whittlesey '  gave  an  exhibit  of  the  strata  in  New  York, 
Ohio,  and  Kentncky,  reckoning  from  the  Conglomerate  downward  to 

the  "Cliff  limestone:" 

Nbw  York  (after  Hall).    Cbantanqaa  Coantjf. 

CUuHfled  iy/oMUc. 

1.  Old  Red  sandfiitoney  very  thin. 

2.  C'bMniiing  gronp,  1,200  to  1,&00  feet. 

3.  Purtiige  K^oup,  1,000  feet. 

4.  (iiMK^m^o  slate,  23  to  150  feet." 
r>.  Tiilly  limestone. 

6.  Hamilton  group. 

7.  Marcellns  shale. 

5.  Coriiifemiis  limestone. 
9.  Onondaga  limestone. 

Ohio.    Chagrin  Falls,  18  miles  east  of  Clerelaiid* 

Clasinfied  bjf  external  okaraden. 
Conglomerate. 

1.  AHh-oolon*d  shale,  110  feet. 

m 

2.  Tiiick  bedded  argillaceous  sandstone,  13  feet. 

3.  hiack  shale,  13  feet. 

4.  Grindst^iue  grit,  38  feet.* 

5.  Fine-grained  sandstone,  thin  and  thick  bedded  ('' Waverly**),  with  red,  bine,  and 

green  shales  interstratifivd — flags  and  ripple  marks— strips  of  Ironstone  and  iron 
rust  with  fossilH.  Lower  part — '*  black  slate  "of  Ohio  Reports:  thiokneM  to 
Clift'  limestone  probably  400  feet.  (This  embraces  3,  4,  5,  6,  and  7  of  the  New 
York  column.) 

6.  CliU'linu^stono. 

Kentucky.    Falls  of  Ohio,  by  Dr.  Yandell  and  Shumard. 

Arramjal  by  fostiils, 

1.  Carboniforons  liiiiostoiHt  (Mammoth  Cavo). 

2.  lint  ton  Monld  KnobH. 

3.  BituniinniiH  blufk  Hlato,  101  feet;  in  IVnneHSue  (Owen  and  Shumard),  8  to  51  feet. 

4.  Kncrinital  ImmIh,  H  fVi»t. 
r».  Water-linic  ImmIm,  l*i  fr«it. 
0.  Shell  IkmIm,  U)  feet. 

7.  Coralline  ImmIm' (upper  and  lower),  40  feet. 
H.  C'at«*nii>ora  bedn,  ^"Niagara." 

I).   Pfntainein.s  beds,  *•  Illnr  linieHton**,"  '*  Clinton,"  **Carodoo." 

Ai'cordino:  to  ITall  in  tho  New  York  Reports,  No.  5  of  the  Ohio  sec- 
tion is  the  equivalent  of  the  Chenuinj;,  Portage,  Hamilton,  and  Mar- 
cellns.    The  author  su^^^ested  the  name  ^'Protvan  group^^*  for  rocks  iu 


'  Whittli'si'v,  Cluirh':*.    Ou  tlio  ecinivrtlciiry  of  tlu*  nK-k»  of  iiortlM'aht«>in  Ohio,  nml  Ih©  Portaf;e   Che- 
iiuiii;:,  ami  II;miillon  mckj*  of  Now  York.     Am.  As.sor.,  Troo.,  vol.  ft,  1851,  pp.lH)7-2*Jl. 

*  No.  4  is  Hvt'U  at  Kurli<l,  Ni'whiir;:,  linli"|»'inlriif«'.  «'t<r. 

>7.  M.  V«iiH  nil  ]>lariMl  the  liivinioii  ii(»iiit  Hfnaratiiij:  tlu*  Silurian  aii«1  Dt^vonian  between  the  npper 
and  lowt.r  (.'orallim^  IumIh.     (S»»h  Ibid.,  p.  U15.) 

*  Thr  name  "  TrotiMii  ;:niui»     Um\  beon  already  nm'd  by  fj.  Vamixein  for  a  Horioi*  of  roclcH  at  the  bime 
of  tlin  Fppor  Silunaii  in  Nt^w  York  in  18;W.     (Sfu"  Xt^w  York  (i«'i»lo;:i<  al  Survey,  second  Ann.  Kept 
p.  285.)     IhiHwaH  afterward  restricted  to  the  SaliferoiiH  ^roup  and  th«-  name  abandonod.    Foorth 
Ann.  Kept-.  1>P-  M  and  374.  and   Final  Report  on  lJeolo;:y.  Third  diHiiin,  pj,.  79  aod  90.     The  iianiA 
"Protean  rnvmbor "  waH  aftervrard  proponed  by  J.  M.  Satfonl  for  tho  lower  part  of  the  Siliceous  £Toup 

of  TenneMce,     (See  auto,  p.  165  ) 
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Ohio  OGcapying  the  interval  between  the  ^'Grif  No.  4  and  the  '<  Cliff 
limestone^  No.  6. 

In  the  same  year  J.  W.  Foster  reported  the  absence  in  Ohio  of  the 
representative  of  the  conglomerates  of  New  York  State.  The  <^  Cliff 
limestone''  he  thought  shonld  be  divided  on  biologic  grounds.  The 
sandstone  formerly  known  as  the  '^Waverly"  shonld  for  like  reasons 
be  divided  into  three  parts.  The  fossils  have  more  Carbouiferons  than 
Devonian  affinities. 

The  rocks  of  the  Ohio  coal  field  consist  of  sandstones,  shales,  lime- 
stones, seams  of  coal,  and  babrstone.  The  limestones  and  sometimes 
the  shales  contain  exclusively  marine  faunas,  while  the  sandstones  con- 
tain a  Carboniferous  flora.  The  alternations  of  marine  and  terrestrial 
remains  were  noticed  in  a  vertical  distance  of  700  feet.  The  fannas 
and  floras  contained  in  each  formation  were  described  in  detail.  ^ 

In  1862  James  HalP  began  to  see  the  incorrectness  of  his  correlation 
of  the  Waverly  group  and  wrote : 

Tho  Waverly  sandHtonogronp  of  the  Ohio  Uoporfcs,  at  one  tlino  regarded  as  entirely 
equivalent  to  the  Portage  aud  Chemung  groupsi  may  in  its  upper  members  constitute 
a  distinct  group,  though  we  do  not  yet  know  any  line  of  demarkation  between  them. 

From  18G2  to  1870  Alexander  Winchell  wrote  several  papers  bearing 
npon  the  correlation  of  tho  Marshall  ^roup  of  Michigan.  The  fossils  in 
this  gronp  proved  to  be  closely  relate<l  to  those  of  the  Waverly  fauna, 
and  thus  the  i)roblems  of  the  Marshall  group  of  Michigan  became  inti- 
mately associatcil  with  those  of  the  Waverly  group  of  Ohio.  In  1802 
be  briefly  described  the  rocks  of  this  group  in  lower  Michigan,  and  their 
fauna.  ^ 

The  following  is  a  synoptical  view  of  tho  strata  described : 

FeeL 
Carboniferous  limestone 66 

Michigan  Salt  group 184 

Napoleon  gronp 123 

Marshall  group 173 

Huron  group : «>10 

Hamilton  gronp 55 

The  rocks  chiefly-  interesting  him  in  this  paper  wore  a  series  of  fine, 
friable,  ferruginous  sandstones  not  over  300  feet  in  thickness,  whose 
upper  portion,  more  grayish,  firmly  cemented,  and  homogeneous  than 
the  lower,  is  remarkably  destitute  of  organic  remains  and  is  sepa- 
rated from  the  lower  by  15  feet  or  more  of  shale  containing  a  large 
amount  of  ferruginous  matter.  The  lower  i>ortion  of  the  sandstone  is 
rich  in  fossil  remains  belonging  to  the  genera  GoniatiteSj  Nautilus^  Or- 
thoceraSj  Belleraphonj  Nuculaj  /Solen,  Myalina,  Clionetsn^  etc.    The  upper 

'  On  Iho  altematioDB  of  marino  and  t4>rrcfltria1  orsanic  roniaiiiR  in  thv  CarlKinifuronn  m^ricB  of  Ohio. 
Bj  J.  W.  Foster.    Am.  As.soc,  Prtic,  vol.  6,  pp.  301-304. 

*  **  On  Uie  CatMkill  );roup  or  New  York."  By  Jamoa  ilall.  Canadian  XatoraliAt  and  Jour,  of  Soienct*, 
new  series,  vol.  7, 1882,  p.  381. 

'Notice  of  the  rooks  lyinjc  l>etwecn  the  Carhonifi>ronR  limcntono  of  the  lower  peninsula  of  Michigan 
and  the  limeatonon  of  the  HaniiU'On  ;n^ap,  with  deooriptionH  of  some  cephaloptula  HiippoHe<l  to  bo  new 
to  science.    By  Alexander  W  inchvlL    Am.  Jotir.  Sci.,  vol.  A  1^^  I>P>  352-300. 

Bull.  8(> 12 
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saiul8toi)C8  were  called  the  ^^Nafyol-eon  groiq)^  and  the  lower  the  ^^Mar- 
shall  group.^^  Mr.  Wiiicbell  traced  the  course  of  the  outcrops  of  these 
p:roui>s  to  the  iiortheant  aud  west  and  spoke  of  their  being  overlaid  by 
the  Michigan  Salt  group  at  Grand  Bapida  and  vicinity  and  auderlaid  in 
the  southwestern  counties  by  a  considerable  thickness  of  argillaceous 
strata.  In  Huron  County  the  ^^Huron  groups  of  gritstone,  green  shales, 
and  bituminous  shales  is  found  beneath  the  Marshall  «an(btoite,  and 
farther  north  the  Hamilton  limestones  precede  this  group. 

Tbe  descriptions  of  supposed  new  Cephalopoils  comprise  ten  species  of 
Orthoceras,  seven  of  Nautilus,  one  of  Gyrtoceras,  and  eight  of  Goniatites. 

In  apa])er^  published  in  1863  Mr.  Winchell  stated  his  conviction  that 
a  comparison  establishes  ^<  fully  the  equivalency  of  the  Ghemung,  Mar- 
shall, Ohio  [i.  e.,  Wjiverly],  Kockford  [i.  e.,  Goniatite  limestone],  Bur- 
lington fi.  e.,  Kinderhook],  and  Ghouteau  strata.^ 

Further  investigation  modified  this  conviction,  as  we  shall  see  beyond. 

In  18(U  appeannl  another  paper.^  Tbis  was  devoted  to  a  description 
of  certain  western  rocks  near  tbe  line  between  the  Devonian  and  Gar- 
bonil'erous  systems  and  their  contained  faunas.  ''The  paper  shows  an 
extended  net-work  of  identification  among  the  fossils  from  States  west 
of  Pennsylvania.'^  Theauthor  identities  also ''  four  western  species  with 
those  in  the  supposed  Garboniferous  conglomerate  of  western  New 
York,"  two  of  which  species  are  wgarded  Jis  being  at  the  top  of  Ghemung 
rocks  of  western  New  York.  He  inclined  to  the  view  that  since  there 
appears  no  close  resemblance  between  tbe  ( Uiemung  of  New  York  and 
western  rocks,  the  "Garboniferous  conglomerate''  of  western  New  York 
may  be  tbe  esisteru  i)rolongation  of  the  western  san<lstones  and  shales, 
at  least  of  the  fossiliferous  portions  of  theuj,  an<l  that  tbe  Ghemung  of 
New  York  must  be  classed  with  the  Devonian  rocks.  "Ninety-four 
species  are  <lescribed  in  tbis  paper,  of  which  thirty-six  are  described  as 
new  sjjecies,  and  two  are  ma<le  tbe  types  of  new  genera."  Tbis  brief 
outline  is  followed  by  destM'iptions  of  tbe  species. 

The  view  tiiat  tbe  so  craned  "Glieniung"  of  tbe  States  west  of  New 
York  should  be  correlated  with  tbe*  "Garboniferous  conglomerate" 
system  was  exi)resHe<l  by  ^leek  and  Wortben  in  18(51.* 

In  IS70  Winebell  completed  bis  stmlies  of  tbe  correlation  of  the  Mar- 
shall group,*  and  i)ublisbed  an  elaborate  memoir  upon  tbe  subject.  In 
tlieai>i)endix  are  cited  ninety  papers  on  tbe  geology  of  tbe  rocks  under 
consideration.  He  opened  the  paper  by  a  referenda  to  the  "controversy 
which  has  long  existed  in  referentie  to  the  age  and  equivalents  of  the 
strata  lying  between  the  Gorniferous  limestone  and  the  limestone  of  the 


>Wino)io11.  Aliixandrr,  on  the  Hlf^iitifimtion  of  theCutHkill  Rod  Sandstone  f^oup  with  the  Chemung;. 
Am.  Jour.  S<m.,  2d  wr.,  vol.  'Mi,  1803,  pp.  61-fl2. 
«Ihid.,  p.  fi2. 

*  DcttcriptioDit  of  now  ppeclrs  of  foiwilfi  from  tho  MarKhftll  gronp  of  Michi;;An  and  its  sappofled 
oqiiivalnit  in  otiif r  States,  (>t(3.,  by  Alexander  Winchell,  I'hil.  Aoad.  Sci.  riuc,  vol.  17,  1865,  pp.  lOtt-133. 

*  A  in.  Jonr.  Sri..  v(»l.  32.  18H1,  pp.  1(;7-177.  288. 

^Thi'  MsiTuhnW  :;ron]):  A  MiMnoir  on  itM  ideological  position,  charaoteni,  and  oquivalenoies  Ia  iho 
ITnlted  StHtett.    Vroc.  Am.  Phil.  Sue.  vol.  11,  1KG9,  pp.  57-83,  and  voL  12,  1870,  pp.  3t>{MI& 
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Lower  GarboDiferoas  Bystem."^  He  next  gave  a  brief  synopsis  of 
opinions  ander  the  heading  of  '^History  of  discovery  and  opinionsy" 
beginning  with  Hildreth's  paper,  1836,'  and  citing  tiie  views  of  the  chief 
contributors  to  the  discussion  up  to  18G9.  Then  follows  a  tabulation  of 
the  rock  sections,  as  then  interi)retedy  in  the  several  States,  including 
the  corresponding  sections  of  the  States  of  New  York,  Michigan,  Ohio, 
Indiana,  Illinois,  Iowa,  Missouri,  Kentucky,  and  Tennessee.  He  then 
proceeded  to  discuss  '^the  parallelism  of  the  formations  on  purely 
structural  and  lithological  grounds,"  and  remarked  that  ^^  the  identity 
of  the  black  shale  can  not  now  be  mistaken."  He  referred  to  its 
demonstratecl  position  above  the  Hamilton  group  in  Michigan,  Kentucky, 
and  Ohio,  and  below  the  Bockford  Goniatite  beds  in  Indiana.  He 
thought  it  was  unrepresented  in  Missouri.  In  Michigan  it  may  be  the 
lower  part  of  his  Huron  group,  and  in  New  York  he  confined  the  typical 
equivalent  of  the  black  shale  to  the  Genesee  shale  on  paleontologio 
grounds. 

The  Carboniferous  conglomerate  was  next  Uiken  as  marking  *<a 
superior  horizon  which  can  not  ordinarily  be  mistaken."  The  Parma 
conglomerate  of  Michigan  the  author  considered  as  ^'stratigraphically 
equivalent  to  the  carboniferous  conglomerate."  Lithologically  he 
found  no  means  of  distinguishing  the  coal  conglomerate  of  Ohio  from 
the  Chemung  and  Catskill  conglomerates  of  New  York.  On  paleon- 
tologic  grounds,  however,  he  separated  the  ^'Chemung"  and  Catskill 
conglomerates,  which  he  made  equivalent  to  the  '^  Marshall  group"  of 
Michigan,  from  the  ''  Parma  conglomerate,"  which  he  placed  higher  in 
the  scale  above  the  carboniferous  limestones  of  the  interior;  and  after 
discussing  the  fossils  underlying  or  associated  with  the  conglomerates, 
he  said : 

''For  these  reaHoim  I  HbaU,  for  the  prosont,  rej^anl  the  three  coiij^loiiieriiteH^  in 
Aventern  New  York,  with  the  iuwociated  strata,  as  belonjj^iii;;  together  iu  the  horizon 
of  tho  CatsklU  group." 

Later  investigations,  particularly  those  of  the  Second  Pennsylvania 
Survey,  have  thrown  cleiirer  light  on  the  relations  of  these  several 
conglomerates.^ 

The  third  conspicuous  formation  which  Winchell  sought  to  correlate 
was  the  ^'Carboniferous  limestone  series"  of  the  Mississippi  Valley, 
iu  a  foot-note^  the  author  proposed  the  name  '^  Mississippi  limestone 
series  or  Mississippi  group "  for  the  '^  Carboniferous  limestones  of 
the  United  States,  which  are  so  largely  developed  in  the  valley  of  the 
Mississippi."    My  adaptation  of  this  name  and  proposal  of  the  name 


>  The  Marshall  group :  A  Memoir  on  its  geological  poniiion,  cbaraotera,  and  eqaivolendea  in  the 
United  SUtea.    Proo.  Am.  Phil.  Soc.,  vol.  11, 1809,  p.  67. 

'Am.  Jonr.  Sci.,  vol.  29,  1830.  pp.  133-130. 

'  ViK,  tho  "ChnnmnK  conglomerate,"  the  "  Catskill  conglomerate,**  and  the  BO-calle<l  *'Car1>ouiferou8 
ruiiglomerato,''  near  Panama. 

«  See  Second  Pennsylvania  Survey  Reports  I  IT,  by  J.  F.  Carli,  1880,  and  Bepori  R,  by  C.  A.  Ash- 
burner,  1880. 

•  Proo.  Am.  PhiL  Soo.,  voL  U,  p.  7a 
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<'  MisHiHsi  ppian  series  ^  for  the  formations  groui^ed  iiuder  thA  Dames  Bab- 
carbon ilVrons  or  Lower  Carboniferous  are  given  in  a  previous  chapter. 

1'his  ^'  MLS8i8si])pi  limestone  series  ^  of  Wiuchell  includes  fhe  rocks 
in  the  Mississippi  Valley  from  the  ^'  Bnrlington"  ap  to  the  ^^Kaskaskia" 
of  Iowa,  and  in  his  usage  it  does  not  include  the  ^' Kinderhook "  or 
''  Waverly.'-  Kut  to  be  of  practical  nse  the  series  should  extend  from 
the  base  of  the  Carboniferous,  i.  e.,  including  the  ^'Goniatite  beds,"  the 
"  Chouteau  series,^  the  "  Kinderhook,"  the  "Marshallt*'  the  "  Waverly,'' 
upward  to  wliere  the  marine  fauna  (teiises  at  the  approach  of  the  oon- 
glonicrates  or  similar  deposits  heralding  the  api^earance  of  coal. 

In  discussing  this  grt>up,  Wiuchell  only  identifted,  with  little  argu- 
ment, the  ^^CarlK)niferous  limestone "*  of  Michigan,  the  ^'Knobstones" 
of  Indiana  and  Kentucky,  and  the  ^<  Siliceous  group"  of  Teunesseei 
with  the  '^Carboniferous  limestone^  of  the  Mississippi  Valley,  not 
including  here,  however,  the  formation  next  to  be  considered. 

Tiic  rocks  between  the  '^  bhM;k  shale  '^  and  the  ^'  Mississippi  lime- 
stone'- above  }>resonted  greater  diHlculties,  because  of  the  radical 
litliologic  <litl'crences  of  the  various  outcrops  representing  them.  The 
several  formations  are  the  "  Wavcrly  ^  and  *•  Gritstone"  series  of  ObiOy 
the  ('liciiiungand  l^ortage  groups  of  New  York,  the '' Marshall  sand- 
stones''of  Michigan,  the  '^  Yellow  sandstones,"  called  in  the  earlier 
report  *'  Chemung  group,"  of  Iowa,  the  "  liockford  limestones"  of  Illi- 
nois, and  tiie  ^H'houteau  limestones,  Vermicular  sandstone  and  shale, 
tiie  Lithographic  limestone"  of  Missouri. 

Tlir  gciuTal  eciuivaleui'y  between  the  ^Vaverly  and  Gritstone  series 
of  Oliio  ami  tbe  Tortage  and  Chemung  of  New  Y'^ork  hatl  been  asserted 
by  .lames  Hall,  and,  following  his  authority,  had  l)een  the  usage  of 
geologists  for  years.  From  this  positit)n  Wiuchell  both  departed  and 
a<lvauced.  In  IMichigan  he  recognized  below  the  Marshall  sandstones, 
and  above  wliat  iu»  reganled  tlie  equivalent  of  the  (renesee  shale  of 
New  York,  some  500  or  (ioo  ft»et  of  argillaet'ous  rocks,  more  arenaceous 
and  ilaggy  to  tlie  north.  These,  which  he  <'iUIed  the  "  Huron  group," 
he  considered  as  the  equivalent  of  the  Portage  and  Chemung  of  west- 
ern New  York. 

In  Ohio,  below  the  Waverly  series,  he  foniul  th<5  extension  of  his 
Huron  group  |wliat  is  now  (tailed  ihe  •«  Erie  shales"],  equivalent  to  the 
Portage  and  Chemung  of  New  York.  On  similar  grounds,  which  are 
litliologic  and  stratigraphic,  he  identilied  the  argilhiceous  beds  above 
the  black  shale  in  KiMitueky  with  his  Huron  group.  He  also  referred 
to  a  similar  horizon  the  ^^  bluish,  slightly  miraeeous  sandstones  of  the 
yellow  sandstone  series  of  Iowa,  the  blue  shales  below  the  lithographic 
limestones  of  Missouri,  and  possibly  the  Illinois  shales  doubtfully 
referred  to  the  (ieuesee  by  Prof.  Worthen;  "  and  having  thus,  onphys- 
iciil  grounds,  found  what  he  thought  to  be  eipiivalent  formations  to 
represent  the  Chemung  and  Portage  of  New  York,  he  presented  a 
lougihy  argument  for  regarding  the  Waverly  series  of  Ohio  and  the 
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Marshall  group  of  Michigan  on  paleontologic  groupds,  the  equivalents 
of  the  Gatskill  rocks  of  New  York. 

In  the  paleontological  part  of  the  paper  is  given  a  catalogue  of  the 
known  fossils  of  the  Marshall  group  and  its  supposed  equivalents  in 
the  United  States,  with  references  to  the  place  of  publication  of  the 
descriptions  of  the  species.  Four  hundred  and  sixteen  species  are 
enumerated.  No  attempt  is  made  to  determine  or  eliminate  synonyms. 
The  distribution  of  the  species  by  States  is  indicated.  As  the  author 
takes  up  his  argument  he  first  speaks  of  the  fauna  of  the  Huron  group, 
and  concludes  from  a  comparison  of  the  species  that  it  is  equivalent  to 
<^  the  Portage  and  Gbeuiuug  groups,  or  to  some  portion  of  them,''  and 
then  proceeds  to  determine  whether  the  overlying  Marshall  group 
should  be  included  with  the  Huron  shales  as  equivalent  to  tlie  upper 
part  of  the  Portage-Chemung  of  New  York.  His  first  argument  for 
equivalency  was  that  furnished  by  the  lists  of  species  identified  in  two 
or  more  States;    By  this  means  he  correhited — 

(1)  Tlie  Marahall  group  uf  Micbigan  with  (2)  the  Gritstone  and  Waverly  down 
to  the  Chocolate  shales  of  Ohio ;  (3)  the  Oouiatito  limestone  of  southern  Indiana 
and  its  equivalent  sandstone  in  northern  Indiana;  (4)  the  Kinderhook  group  of 
Illinois;  (!>)  the  yellow  sandstone  scries  of  Iowa»  at  least  down  to  the  bluish  shales; 
(6)  the  series  Icnowii  in  Missouri  as  the  Chouteau  limestones,  the  Vermicular  sand- 
stone and  shales,  and  the  lithographic  limcstoueH,  and  (7)  the  Silico-bitnminoas 
shales  at  the  base  of  the  Siliceous  group  of  Tennessee. 

These  correlations  had  been  practically  demonstrated  for  all  except 
the  Marshall  group  by  previous  writers. 

A  long  discussion  of  species  then  follows,  to  show  that  the  species 
contained  in  these  formations  have  ^'  a  Carboniferous  aspect,"  a  fact 
which  M.  de  Veriieuil  had  long  before  pointed  out  upon  liis  first  glance 
at  the  species  then  known  of  the  Ohio,  Indiana,  Illinois,  Iowa,  and 
Missouri  localities. 

The  next  section  announces  that  <^  the  fauna  of  the  Chemung  group 
presents  a  Devonian  aspecf  This  fsict  had  been  recognized  for  thirty 
years,  and  the  Chemung  of  New  York  had  been  the  recognized  typical 
up])er  Devonian  for  all  correlations  in  North  America. 

Section  Yl  proposes  the  question  <^Can  the  Marshall  and  Chemung 
be  synchronized  f"  Elaborate  citations  of  principles  of  paleontologic 
science  are  ma<le  and  prolonged  argument  to  prove  that  this  is  not 
reasonable,  and  to  reach  the  conclusion  that  the  Cheniung  must  remain 
*^  within  the  limits  of  the  Devonian  system,  where  it  hiis  been  placed 
by  the  nearly  unanimous  judgment  of  paleontologists,^  and  that  'Hhe 
Marshall  group  must  be  admitted  within  the  boundaries  of  the  Car- 
boniferous system  according  to  the  present  nearly  unanimous  judgment 
of  western  geologists." 

The  one  point  which  is  the  gist  of  the  whole  argument  is  made  in  the 
last  section,  headed  ^^Parallelism  of  the  Catskill  and  Marshall."  The 
author's  theory  is  that  the  Catskill  group  of  eastern  New  York  instead 
of  thinning  out  or  disappearing  by  lack  of  He.d\\uviu\A\\\^iiS\fcYCL^^^ 
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York  is  absent  iu  couscqueiice  of  subseqaeut  deuudation ;  that  the 
^<OId  Ued"  is  uot  necessarily  all  Devonian  in  age;  that  in  the  Marshall 
are  some  species  which  are  considered  as  ^'having  near  analogaes  in  the 
Old  lied  of  Scotland;"  that  the  Oatskill,  althoagh  identified  as  the 
equivalent  of  the  Old  Red  sandstone  of  Scotland  and  Wales,  is  yonnger 
than  that  part  of  the  Devonian  rex)reseuted  iu  New  York  by  the  Ghemang 
and  its  equivalents  in  Euro[)e,  and  as  the  Marshall  has  been  shown 
to  be  not  the  equivalent  of  the  Chemung  in  New  York,  it  mast  be,  the 
author  argued,  the  representiitive  of  the  Gatskill. 

At  the  close  a  table  of  geological  equivalents  is  given.  The  part  of 
it  of  chi(^r  value  here  is  that  ex])ressing  the  author^  interpretation  of 
the  e<iuivah^uts  of  the  Marshall  gi'oup  of  Michigan,  which  consists  of  the 
following,  immediately  overlying  the  Huron  group,  in  ascending  order: 

(1)  Iliivon  gritstones,  bliiiHli  or  f;reeniHli  f^ray,  fine  grained^  regularly  bedded,  15  feet. 

(2)  Miii-sliall  BandHlouu,  reddish,  yellowiHb,  olive,  obliquely  laminated,  hiirhly  ferru- 

^inouH;  the  irou  oftou  a  riidoly  concentric,  concretionary  amuigement ;  in 
placeH  calcarcouH,  highly  fossil ifertMiH,  160  feet. 
(:{)  N:i])ohM)n  sandstone,  pale  buft',  often  congb)nioratic,  obliquely  laminated,  thick 
be<l<Ied,  VSA  feet. 
Followed  above  by  the  Michigan  salt  group. 

According  to  the  table  the  equivalents  to  these  are,  in  New  York, 
uppor  pjirt  of  (Jatskill  groui>,  including  ''Carboniferous  conglomerate^ 
and  "Chemung  conglomerate;"  in  Ohio,  "  Waverly  series,  in  part" 
(the  "CiuK'olate  shale  series"  an<l  the  "  base  of  the  Waverly  series"  are 
coirelateil  with  the  (3hemung  and  Portage  of  New  York);  in  Indiana, 
the  "Hork told  limestone"  and  *'Williamsport  gritstone;"  in  Illinois, 
the  "  Ki!i«ic»rii<M)k  gnmp;"  in  Iowa,  tlu^  "Yellow  sandstone  seriesj"  in 
Missouri,  the  "(^houteau  limestone,"  "Vermieular  sandstone,"  and 
shalrs,  ami  "  ljitlio<rraphie  limestont*;"  in  Tennessee,  part  of  the 
"iSiliei'OUs  jri'oup"  and  thr  "  Sllieeous  shales,"  and  in  Kuroi)e  the  "Old 
]{ed  sandstone"  of  St'otland,  '*  Vi'llow  sandstone"  of  Ireland,  and  the 
*'  Westjjhalian  schists." 

in  IsTl  app<Mred  the  Report  of  Progress  of  t he  CtMilogical  Survey  of 
01iio.» 

Two  of  the  <*hapt4TS  have  matter  of  inttn'est  in  the  ])resont  discussion: 
One  by  Mr.  K,  I>.  Andrews,^;  a  seeond  by  Mr.  M.  C.  Kead.^ 

Th<^  format  ions  discussed  in  Mr.  Amlrews's  artieh*  are  the  "  Ohio  black 
shale"  t)r  "Huron  sliah^' the  "Wav(M'ly  santlstone,"  the  "  Maxville 
limestone,"  tht»  "Conglomerate"  of  the  C/Oal  Measures,  and  the  Coal 
Measures. 

The  Waverly  sandstone  is  divi<led  into  three  parts.  The  middle  is 
coarse  and  often  a  (U)nglom(»rate ;  the  division  above,  a  tine-grained 
sandstone,  and  that  below  sandstones  and  shales,  with  interst  rati  tied 


•(jf<)I.  Siirv«-y  Ohio,  Ki'p.  IM-okh-si  in  1870;  ColiinibiiH,  .1871. 

'l:<'|iort  of  LiiboiH  in  the    SiM:oiid    (ii-oloniral    J)iv4t.ri<',l.   diiiini:  the  >(>;ir  1H70  in    Coal  lleaanre 
ilistrirt,  jip.  r^Tt  251. 
'i!!»Af'/(.7i«A  <;/'f/jH  fj(^>i<i;ry  of  Guau|;a  and  UuIuum  CouuVw^a,  yy).  463-484. 
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sandy  shales.  The  fine-grained  sandstone  lying  above  the  Waverly 
conglomerate  was  first  investigated  in  the  vicinity  of  Logan,  Hocking 
County,  and  thence  received  the  name  of  '^  Logan  sandstone."  The 
whole  thickness  of  the  Waverly  formation  is  about  640  feet  Facoid 
stems  are  abundant  and  in  the  Logan  sandstone  in  addition  to  these  are 
found  three  varieties  of  an  unnamed  vegetation. 

The  Maxville  limestone,  lying  directly  above  the  Logan  sandstone,  is 
overlaid  by  a  few  feet  of  soft,  coarse  sandy  shale  and  40  to  50  feet  of  a 
soft  laminated  sandrock.  Above  this  is  a  coarse  sandrock  rich  in  im- 
pressions of  Lepidodendra.  A  considerable  collection  of  fossils  was 
obtained  from  the  Maxville  limestone  at  Newtonville,  Muskingum 
County.  A  list  of  species  and  genera  is  given,  of  which  eight  species 
are  Chester  types  and  two  are  identical  with  species  from  the  St.  Louis 
limestone,  leading  the  author  to  conclude  that  this  Maxville  limestone 
represents  the  Chester  group  of  the  Lower  Carboniferous  limestone 
series,  while  there  may  be  some  representation  of  the  St.  Louis  lime- 
stone at  some  of  the  outcrops.  These  local  patches  of  Maxville  lime- 
stone never  exceed  15  to  20  feet  in  thickness,  and  are  generally  no  more 
than  8  to  10  feet  thick,  while  in  Kentucky  the  limestone  is  found  nearly 
100  feet  thick. 

Tbe  trne  Coal  Measures  Conglomerate  is  seen  resting  upon  the  Logan 
or  Upper  Waverly  over  limited  areas.  In  general  where  there  is  Max- 
ville limestone  there  is  no  Conglomerate. 

In  Vinton  County  a  section  is  given  showing  the  Waverly  Conglom- 
erate and  the  Logan  sandstone  extending  up  to  the  coal. 

No  truo  Coal  Measureo  Conglomerate  is  found,  but  the  coal,  with  its  superiu- 
ciinibent  Hhalos,  resU  directly  upon  the  Logan  HandHtone.  ThiH  valuable  section 
ttMids  to  verify  deductions  made  clNewhere  in  n^ganl  to  the  Waverly  conglomerate, 
and  aliio  in  regard  to  the  entire  abHcnce  over  certain  large  arc:ui  of  the  true  Coal 
Measure  Conglomerate.  At  this  plat'n  no  Maxville  limestone  was  found  resting  upoB 
the  top  of  the  Logan  group. 

Mr.  liead  reported  that  in  Holmes  County  the  lowest  rocks  observed 
belong  to  the  Waverly  sandstone,  the  ravines  sometimes  cutting  down 
fully  200  feet  into  it.  The  Conglomerate  appears  above  the  Waverly 
•"in  i'rairie  Townsbiji,  and  has  a  maximum  thickness  of  18  feet,  with 
fossils  which  Mr.  Meek  determined  to  belong  to  the  Carboniferous  forma- 
tion, i>ointing  to  the  deposition  of  a  ISubearboniferous  limestone  which 
has  been  cut  out  or  n^moved  by  the  agencies  which  brought  in  a  deposit 
of  the  Conglomerate.  Generally  in  the  county  the  Conglomerate  is  want- 
ing, and  is  represented  in  places  by  a  thin  layer  of  coarse  sandstone 
without  pebbles,  sometimes  by  hard,  coinpsict,  white  siliceous  rock  a 
few  inches  in  thickness  and  filled  with  Stigmaria^  and  sometimes  the 
Coal  Measnres  rest  directly  on  the  Waverly. 

In  the  second  volume  of  the  Ohio  Reports'  the  Carboniferous  system 
of  Ohio  is  chissified. 

'Report  of  the  Geological  Survey  of  Ohio,  vol.  2,  pt.  1,  Chapter  xxxi,  by  J.  S.  KovlMat^^  c^Vtl 
geologist,  1874. 
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The  following  Ih  a  tabalar  expression  of  tbe  classification : 


TTpprr  Hairen  Measures  (f) 300 

lJpIH;r  Coul  Measares •—  S50 

Luwor  Barreu  Measures '. 400 

Lower  Coa]  Measures 400 

Cont^loiiierate 

Maxvillo  limestoue  (uear  Nowicmville,  Muskiiij^um  County,  15  to  20  feet  thick,  and 
)^  to  lU  feet  thick  in  the  counties  south). 

Cuyahoga  shale 150-2501 

J^rea  i^i-it 00l,„        _ 

Bedford  shale ^5  >W»verly  group. 

Cleveland  shale 2i-4jO} 

Krit?  shsile  ^Chemung) 

Tlie ''  Chemung''  of  New  York  is  considereil  to  have  thinned  westward 
and  to  1m*,  ropresented  in  the  Erie  shale.  The  Oatskill,  according  to  the 
author's  view,  thins  out  and  does  not  appear  in  Ohio.  The  Vespertine 
of  Pennsylvania  changes  its  character  on  passing  westward,  and  is  the 
Waverly  group  in  Ohio.  The  Uiubral  of  Pennsylvania  thins,  disap- 
|)ears,  or  is  blended  with  the  Vespertine.  The  Carboniferoas  Con- 
glomerate is  traced  as  far  as  central  Ohio.  The  '<  Maxville  limestone" 
of  Andrews  furnislie<l  fossils  which  were  submitted  to  Mr.  Meek,  who 
idontided  them  as  Chester  and  St  Louis  species. 

in  the  year  1878  Mr.  L.  E.  ilicks  published  two  papers  concerning 
the  Waverly  group.  In  the  first  he  stated  that  considerable  discussion 
had  arisen  in  attempting  to  synchronize  sections  in  southern  and  cen- 
tral Ohio  with  a  section  at  Cleveland,  upon  which  Newberry  has  based 
his  subdivisions. 

The  Clevehuid  section,  in  <los('.cnding  order,  is  txs  follows : 

Feet 

('uyabo^a  hIiuIc IfiO  to  250 

Bt^rua  grit (iO 

Jicdtord  tiUnh'i 75 

(;hjv(djuid  »h:il»» 21  to    GO 

The  Clcvc'liiiMl  shale  is  thtj  only  fornuition  which  retains  its  typical 
chara<',ters  in  central  and  southern  Ohio.  It  holds  a  distinct  fauna  and, 
in  s«)ine  i)la(H»s,  h(»ars  a  rlosc  resemblance  to  the  Huron  shale.  ^^But  the 
tico  nmr  ajist  toijitlur  in  immvdiatti  mntacty  The  persistency  of  the 
Ch'vt^land  shale  has  been  drnionstraled  by  its  discovery  in  Delaware 
County,  southern  Ohio.' 

In  the  si'(;ond  paper  Mr.  Ilicks  reported  that  in  central  Ohio  live  dis- 
tinct members  of  the  Waverly  group  are  found,  in  descending  order,  as 
follows: 

Feet. 

r>.  l.ickint,'Hli!iloH 100-150 

•I.  HIju'k  Hand  trongloiiiorato,  or  (Jrauvilh;  ImmIs C^-iK> 

*,{.  J^ircooii  shalt's 300 

^».  Sunlmry  hlai'k  slato ^ 10-15 

1.  Siinlmry  (':ih'il\'n)iis  Handrock J>0-1(K) 

'/fJ.-.rn\oi\  o/'//j«>r/cvi*I.iii<lNli:i](>in  l>rl:i\Nttr»«ei>au\\  .0\\\v».    .Vm.  .Ii»ui..'^i  \.,'.i*\  '♦n  .vol.  16.  pp.  70,  71. 
TLv  \\;i  \rrly  f;ixnip  m  (  tiitial  Ohio.     Am.  .K.uv.  Sc\..  VM  ^o\ .,  vo\.  \ft,vv/i\<>  *ri\. 
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The  upper  limit  of  this  series  is  determined  to  be  the  Conglomerate  of 
the  Goal  Measures  by  the  presence  of  Snbcarboniferons  fossils  below. 
The  lower  limit  is  very  sharply  defined  by  stratigraphical  relations. 

No.  6  consists  mainly  of  soft,  fine-grained  shales,  well  exposed  on 
Licking  Biver.  No.  4,  best  seen  at  Hanover  and  Black  Hand,  consists 
of  coarse  sandstones  and  conglomerates  containing  fiicoids,  with  com- 
pact drab  sandstones  and  shales  at  the  base.  No.  3  occnrs  along  Kac- 
ooon  Greek  in  Franklin  and  Delaware  Counties,  and  is  composed  of 
blue  and  gray  shales  filled  with  nodalar  masses  of  iron  ore.  No  organic 
remains  except  fossil  sea-weed  have  been  found  in  this  deposit.  No.  2 
contains  fossil  remains  of  fish  and  corresponds  very  closely  with  beds 
in  northern  and  southern  Ohio.  No.  1  is  made  up  of  compact  and  shaly 
sandstones,  with  alternating  shales  and  limestones,  and  is  well  exposed 
on  Rattlesnake  and  Walnut  Creeks. 

In  regard  to  the  determination  of  this  series  of  rocks  as  Devonian  or 
Carboniferous,  the  author  concludes  that  there  is  ^<good  reason  for  re- 
taining the  Cuyahoga  sub-group  in  the  Carboniferous,  whatever  may 
be  done  with  the  rest  of  the  Waverly." 

Mr.  Edward  Orton,^  in  1882,  in  a  paper  on  tho  bitnminous  matter  of 
the  black  shales,  further  discussed  the  ch^sification  of  the  VVaverly. 

From  the  author's  exaiiiinatiou  of  the  various  black  shales  outcrop- 
X)ing  in  Ohio  and  neighboring  States,  he  concludes  that  the  Huron  and 
the  Cleveland  shales  of  Newberry,  separated  in  the  eastern  part  of 
Ohio  by  the  greenish  Erie  shales,  form  a  continuous  series  farther  west 
and  constitute  a  mass  from  250  to  350  feet  in  thickness,  which  must  be 
regarded  as  all  of  Devonian  age.  For  this  shale  he  proposes  to  retain 
the  name  ''  Ohio,  Black  shale,'' applied  to  it  by  N.  8.  Shaler  in  the  Geol- 
ogy of  Kentucky.  The  author  recognized  a  second  shale  of  similar 
nature  in  Ohio,  situated  about  a  hundred  feet  above  the  top  of  the 
former,  callcil  by  Andrews  the  "  Waverly  Black  shale.'^  It  was  further 
defined  by  Meek,  who  separated  it  from  the  Cuyahoga  shale  by  it^ 
fossil  contents  and  called  it  the  "  Berea  shale."  It  immediately  over- 
lies the  Berea  san<lst<)ue  and  forms  the  roof  of  most  of  the  quarries  of 
this  famous  sandstone.  These  three  black  shales,  the  Huron  and  Cleve- 
land of  Newl>erry  and  the  Berea  of  Meek,  are  alike  in  being  of  marine 
origin  and  in  being  strongly  bituminous.  Analysis  shows  them  to  con- 
tain 8  to  20  percent  of  organic  matter,  and  frequently  they  have  taken 
fire  from  burning  brush  heaps,  and  cases  are  recorded  of  their  con- 
tinning  to  burn  for  weeks  when  once  thus  kindled.  The  bitnminous 
matter  in  them  was  supposed  by  Newberry  *  to  have  originated  from 
the  decomposition  of  the  '^  vegetation  which  lined  the  shores  and  cov- 
ered the  surface  of  a  quiet  and  almost  land-surrounded  sea,"  like  a 
Sargasso  sea. 

lOrton,  Xdward:  A  8oarvi<  of  tho  bitiiininoaii  matter  in  tho  Devoniau  aud  SubcarbouifuroiiH  black 
■balofl  of  Ohio.    Aiu.  Jour.  Sim..  3d  ti«^r.,  vol.  24,  pp.  171-174. 
'Ueol.  of  Ohio.  toI.  1,  p.  166. 
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Since  the  writing  of  that  report,  the  author  had  discovered  several 
microscopic  forms  of  vegetation  occurring  in  these  bitaminoas  shales 
in  great  abundance.  Dr.  Dawson  had  previously  observed  these 
bodies,  and  recognized  them  as  the  spore  cases  of  some  lyoopodiaoeoas 
plant,  and  named  them  Sporangites  HuronenHs,^ 

Tlie  author  supi>oses  that  the  great  accumulations  of  gas  and  oil  that 
have  been  found  in  the  Devonian  and  Subcarboniferous  formations  of 
PennHylvania,  West  Virginia,  and  Ohio  are  to  be  traced  to  the  farther 
distillation  or  decomposition  of  the  bituminous  matter,  particularly  the 
spore  cases  originally  deposited  with  these  black  shales,  a  theory  which 
was  first  outlined  by  Newberry,'  although  the  presence  of  the  spore 
cases  wii8  then  unknown.  To  the  spore  cases  the  author  would  attrib- 
ute the  (ihief  supply  of  bituminous  matter. 

Jn  1883  U.S.  Williams^  reporte<l  the  discovery  of  a  fauna  in  the 
midst  of  the  up]>er  Devonian  rocks  of  New  York,  having  a  decided 
<*2irbonil'erous  aM])ect,  but  closely  related  to  a  fauna  heretofore  known 
in  America  only  at  the  base  of  the  Mississippian  series  in  Iowa. 

At  the.  biise  of  the  Chemung  group  at  Ithaca  and  High  Point,  Naples^ 
New  York,  the  author  found  a  fauna  which  is  strikingly  similar  to  a 
fauna  found  at  Lime  Creek,  near  Kockfonl,  Iowa.  Although  the  gen- 
eral aspect  of  the  fauna  is  Carbonifeix)us,  yet  the  occurrence  of  several 
of  tilt*  s]>e('.ies  in  the  Chemung  rocks  requires  consideration.  The  Lime 
Creek  fauna  was  iiscribed  to  the  Hamilton  group  in  1858  by  James 
Hall,  but  it  was  aft4?rwartls,  in  1873,  by  him  and  by  K.  P.  Whitfield 
refeiiiMl  to  the  "  ('lieniung  group.** 

H.V  a  elose  eoniparisoii  of  the  fauuiis  and  minute  and  accurate  exam- 
ination of  the  s])eeitic  relatit)ns  of  these  faunsis  to  ea<;h  other,  the  author 
is  eonvincMMl  that  the  (leposits  of  Lime  (5reek,  L)wa,  and  all  dei)Osits 
carrying  a  lik<»  (anna,  are  not  Lower  ('arboniferons,  but  are  "  geological 
e<inivjilents  of  the  Cli(Miinn<;  of  the  Easr." 

Mr.  S.  (■iilvln  '  took  exemption  to  the<*on(»ln8ions  of  Williams  concern- 
in;j:  i\n\  "strikiii*rly  Carboniferous  aspe4't  of  the  Lime  Creek  fauna," 
elainiiiiijc,  aCtrr  an  exaniination  of  the  ftjssils,  that  they  exhibit  rather 
a  Devoniiin  and  ^Silniian  as])eet,  and  Williams^  repliiMl. 

T1m»  iniportan<'eor  thediseovery  eonsisted  in  thereeo«i:niti<m  of  traces 
of  the  (anna,  which  is  Carboniferous  in  itsasj)ex5t,  in  Anjerica  before  the 
close  of  tln^  Devonian  in  New  York.  The  riM!o«;uition  of  the  same  in 
Iowa  pi'ove<l  the  appearance  tluTC  of  a  fauna  of  true  n])per  Devonian 
a^e;  that  is,  more  recent  than  the  Hamilton  and  older  than  the  typical 
Kinderhook  faunas  of  the  Mississippian  area. 


'  On  hjinrr  rasi-^  in  voaU  ;  by  J.  W.  ])aw8on,  LL.  D.,  F.  1{.  S.  Am.  .lour.  Sci..  'M\  Hcr,  vol.  1,  pp.  SWi-SM 

*  Ai:rirultni:il  Kfport  of  Oliio  in  \t*C}\i. 

*  WilliimiM,  Homy  S. :  On  a  rtMnarkuUIo  fauna  at  tlu'ltHHi*  of  tln«  Chonnin^  ^miip  i«  New  York.     Am. 
,Toni.  Sri..  :u\  .srr..  vul.  L».\  pji.  97-104. 

^Cnhin,  S. :  (hitlio  fannu  fonnd  at  Limo  Cr«>«>k,  Iowa,  ami  ils  Filiation  to  utiier  f;eo1»«;ical  faunaa. 
Am.  .Joni.  Sri..  :jil  h«i.,  V4»1.  lir>,  1S83,  pp.  4.T2-436. 

*  >rj])i.iMi.H.  llonry  S. :  Kquivalency  of  ibo  IiimeCriK)k  hvdn  of  Iowa.    Aiu.  Jour.  Soi.,  Sd  aer,  voL 
i'5,  Jb&i,  p.  '411. 
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Jamea  Hall,^  in  a  paper  before  the  American  Association,  discussed 
the  limitations  between  the  Ghemnng  and  Waverly  groups,  according 
to  paleontological  evidence.  Bpirifera  di^unota  is  considered  as  char- 
acteristic of  the  npi)er  part  of  the  Chemung.  Concerning  tlie  sand- 
stones and  conglomerates  which  had  been  considered  as  of  Carboniferous 
age,  it  has  been  found  by  a  study  of  the  fossils  that  they  represent  the 
npper  member  of  the  Chemung  group.  Above  them  occurs  a  series  of 
non-fossiliferous  shales  of  unknown  thickness.  The  correlation  of  this 
series  of  rocks  was  studied  by  Mr.  C.  E.  Beecher,  who  prepared  a  section 
exhibiting  about  1,500  feet  and  a  list  of  fossils  characteristic  respectively 
of  the  Chemung  group  and  of  the  Waverly  group  following  it. 

From  the  record  of  a  well  in  Cleveland,  Oliio,  Edward  Orton'  deter- 
mined the  thickness  of  the  sliales  below  the  Berea  grit 

This  well  was  coniinouced  about  7G0  feet  above  tide- water  and  about 
75  feet  below  the  Berea  grit.  The  first  rock  met  was  Bedford  shale, 
followed  by  the  Devonian  shales,  classified  by  Dr.  Newberry  as  the 
Cleveland,  Erie,  and  Huron  divisioiiH,  and  having  a  thickness  of  1,300 
feet. 

In  the  years  1S85  to  1888  C.  L.  Ilerrick  ^  applied  to  the  solution  of  the 
Waverly  problem  the  new  methoils  of  correlation  previously  elaborated 
by  Williams  in  the  interpretation  of  the  upper  Devonian  formations. 
(See  chapter  on  the  Cheniung-Catskill  problem.) 

This  paper  is  a  fine  illustration  of  what  can  be  done  in  the  way  of 
dissecting  out  the  individual  faunas,  showing  their  compoHition,  and 
determining  their  aflinities  with  faunas  of  other  regions  by  a  minute 
study  of  local  geology. 

Although  the  study  was  ]>rimarily  of  a  local  series  ol*  fauinii),  the 
antlior  has  msule  abundant  use  of  material  from  other  regions  lor  com- 
parison. The  result  is  that  we  have  a,  valuable  series  of  tlie  sneeessive 
faunsis  of  the  liower  Carboniferous  formations  of  ciMitral  Ohio,  wliich 
will  serve  as  standards  in  all  future  work  in  C4)rrelation. 

The  great  mass  of  the  ])aper  is  devoted  to  spe<;ific  descri{>tions ;  the 
final  results  of  the  study  are  given  in  volume  iv/ 

The  section  is  divided  into  three  parts  or  divisions  by  two  conglom- 
er<ites ;  these  are  subdivided  itito  ten  zones,  and  at  the  close  a  list  of  o21 
species  is  given  with  the  ]>articular  position  or  range  in  this  scale  of 
each  species. 


*  Hall.  Jntnefl:  Noto  on  the  ii.tiiiiatn  rolations  of  the  Chf^muDt;  croup  and  Wavorly  naiulHtone  in 
north w<'mU.tu  Penn8ylvania  and  HouthweHtcm  New  York.  Am.  Assoc.,  Proo.,  vol.  33,  18K4,  ]»i>.  416- 
410. 

*Orton,  Edward:  The  record  of  the  deop  woH  of  the  Cleveland  Kolling  Mill  Company,  Cleveland, 
Ohio.    Am.  Assoc.  Proc.  vol.34,  1885,  pi}.  220-222. 

'Herrick,  C.  L. :  A  sket^^h  of  the  f^eolopt^l  history  of  Licking  County,  accompanying  ftn  illiiHtmted 
catalogue  of  carboniferous  fossils  from  Flint  Kidge,  Ohio.  Deuison  Univ.,  Bnll..  vol.  2,  pp.  .'>-0K,  144- 
14J{;  vol.  3,  pp.  13-110;  voL  4,  pp.  11-60, 97-123, 1885-1888,  with  muueruos  plates  iUustratinie  the  fossils. 

«Ibid.,  pp.9fr.114. 
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THi:  bBVOHlAK  IKD   OASBONrFERODS. 


Tbe  fullowin^  ciMsilloaliloDi  modified  from  Uiat  of  Mr.  Kdward  OrtM| 
is  given  b;  the  suttior : 


CnyahogB  or  Wmwatij  MilM... 


Berea   or   Tnwiitlon   Berl«i 

(WMtem  eqatvalantof  npptt 

Cbemnng).  .  .      

LClenluid  abal*  (looal)  .... 
Erie  shftle.— Eutern  nr  tjploal  Clwinutig,  low«rpart. 


The  claasifioatioD  adopted  in  his  tnbtes  is  iw  fallows: 

III.  Ka>tuk  and  Burlinglon  grwp;  Upper  Wnverlj   (Upper  Ijagva),  MpaiAUd  ti 

three  7:oiieji  in  tbe  tftble,  bnt  into  flye  oa  p.  100  of  the  t«zt,  Mid  thore  k 

tjO  feet  nf  tbiokueaa,  or  not  orer  ISSfeet. 
II.  KinderiuHtk  (p«rt  or  all),  middle  Wnerly . 

Tliia  la  gnbdivided  into  two  Eonwlu  table,  bnt  Into  (bnriMiMpitpw  Ul;^ 
moat  of  n-hioh  Is  Conglomerate  U ;  tbe  tliickneaa,  62  f 
erftte,  which  ia  but  >  few  Inohea  or  feet  iii  tlio  epeoillo  oimw  glvan. 
1.  Traimlliou  jimw.— Davooiwi,  la  part  eqnivateat  to  Cbemung  and  I* 

Tim  npper  Eone  of  tbia  dirtelon  ■■  tlie  Conglom«nle  1, 19  iuebea  thlek  fat  an 
•actiotie.  In  the  table  five  lonoa  are  meutJoD«d,  on  page*  100  and  101 ;  aava 
are  f}vt^n,  nhnnt  350  foet  in  (hickiieM  and  not  orer  500  faet. 

llulow  thia  1b  the  Bedford  (knli,  61  feet  (Haiuiltoa  fiMJea  in  Chemung  ai 
witli  thu  Blaek  or  Samitton  ikob  next  belciw. 

He  coucladed  tlatbis  middle  Waverly  "  is  repraaentatiTB  of 'Um 
skill,"  but  is  not  stiictly  equivalent  to  it. 

Tlie  "  Berea  shale  "  is  more  tban  UrtJin's  black  shales,  so  named,  but 
"  the  {greater  part  of  tlie  shales  belnw  thu  Kiuderbook." 

lie  did  not  consider  it  necessary  '■'■  to  conclude  from  tbe  fact  that  the 
Erie  sbales  are  of  Ohemnng,  age  Ih;it  all  which  lies  strati graphioallj 
above  the  Krie  is  cert:iiuly  later  fauimlly  than  tbe  top  of  tbe  Ohemiuic 
as  seen  in  New  York  strata,"' 

Above  tbe  Waverly  gronp  traces  of  Ihe  higher  faunas  were  seen  in 
the  "Maxville  limestone,"  east  of  RiiKhville.  This  "Mazrille  lime- 
stone" fauna  is  correlated  with  the  Oliei^t^'r  limestone  of  the  interior.* 

The  latest  systematic  clasBiflcatioii  of  the  rocks  of  Ohio  ia  reported 
iH  the  sixth  volume  of  the  Geologiral  Survey  of  Ohio.'  Thia  will  ex- 
hibit the  present  state  of  developujiiit  of  correlations  for  the  State: 

Foot 

Id.  GIncial  drift _ 0-050 

17.  upper  Itnrreu  Cnal  Moasuree 500^ 

Ki.  Upper  Productive  Coal  Ueaaures . ..  250 

Ki.  Ijoner  l^rren  CoalMeasurea 500  >  CarbooifenjBa. 

14.  Ijowor  I'rodactive  Coal  Heaeuroa 350  I 

13.  Couglomorttte  gronp U5oJ 

<  Merrick,  C  L. :  A  ikMch  or  tfao  it»ilni;lral  hislurv  nr  Ll<'kine  O'lintj'.  uccninpanTlBK  aa  lUiKi^il 
cmUI<>sue  of  uibonlfenns  foulli  frnm  Flint  KlilRn,  Ohio,     L1i>ni-.on  Uuiv.,  Uall.,  voL  4,  pp.  lOS-Ut 
■lliid..  p.  111. 
k    Ubld.,  n>l.  a,  pp.  21-13. 

'Vol:  VI.,  Eeoaomio  Gaology,  by  Edward  Urtoii.    UiAHni\iiut,  t«n. 


*  -WILUAm.] 
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S  iibcarlwDif erons. 


Devonian. 


w  IS.  Subcarboo i feroos  li mestoue,  Max v  i  1  le,  Ne  w  i4)D  v  ille, 

etc S5 

**                                       rile.  Logan  £roup 0-350 

^                                          lidf.  Cuy uboga  slialo l.'>0-4r>0 

•^  11.  Waverlygroap..  <  He  Bereasliale HO-^ 

lib.  Berea  grit 3-160 

Ula.  Bedford  shale 50-150 

{10c.  Cleveland  shale.     | 
10ft.  Erie  rthale.  J 25l»-3,000 

10a.  Huron  shalu.  J 

9.  Hamilton  shale,  Olentangy  shale 25 

8.  Devonian  limestone,  Upper  lleldorborg  or  Curnifur- 

ons,  including  West  Jeflersou  sandstone 75 

7.  Lower  Helderberg  limestone,  etc. 

Id  this  classificatiou  the  Logan  ^roup  is  the  equivsilent  of  the  Olive 
shales  of  Keail,  the  Logan  sandstone  and  the  Waverly  Conglom- 
erate of  Andrews.  The  '^  I>erea  shale "  is  a  name  proposed  by  Mr. 
Meek  for  the  "  Waverly  black  shale  "  of  the  reports.  The  "  Waverly 
grt^up"  is  diiferently  delimited  from  the  original  Waverly  group  of  the 
first  and  second  reports,  by  the  addition  of  the  Logan  group  at  the 
top  and  the  exclusion  of  the  Cleveland  shule  at  the  bottom.  The  rea- 
son for  including  the  Cleveland  shale  in  the  Devonian  was  explained 
by  Dr.  Ortou  in  previous  papers.  It  is  because  of  structural  consider- 
ation which  led  to  associating  the  three  shales  of  Newberry  in  one 
formation,  though  there  were  recognized  fossils  in  some  of  them  which 
have  been  regarded  as  strictly  belonging  to  the  higher  i'auna.' 

The  correlation  of  the  Goniatite  limestone  of  Kockf'ord,  Indiana,  in- 
volved a  number  of  disputed  questions,  in  all  of  which  the  fossils 
pointed  to  the  right  interpretation,  while  the  apparent  stratigraphy 
was  misleading. 

The  elements  of  the  problem  were  these:  At  Eockford  a  limestone, 
rich  in  Goniatites,  was  found  above  the  black  shale,  sind  stratigraphi- 
cally  l>elow  arenaceous  deposits  and  shales,  which  in  other  places  were 
followed  by  the  Mississippian  limestone.  In  J  SOU,' a  number  of  Gonia- 
titei}  and  other  fossils  were  described,  and  the  iuitlior,  Mr.  James  Hall, 
reported  the  limestones  as  Marcellus  black  shale.  He  had  previously 
interpreted  the  black  shale  of  the  Southwest  as  Marcellus,  and  as  the 
Marcellus  shaleof  New  York  in  calcareous  layers  was  rich  in  Goniatites, 
he  inferred  that  the  bed  at  Ilockford  was  the  equivalent. 

In  this  paper  he  said  : 

The  parallelism  of  those  localities  is  inferred  from  tU»  fact  tliat  the  Rtratiim  con- 
taining the  Ooniatitcs  is  clearly  above  the  liiiiostonti  of  the  age  of  the  Upper  Holtlor- 
bcrg  group,  and  below  the  sandNtones  wliich  are  recognized  as  of  the  age  of  the 
Chemung  gronp  of  New  York.  The  exposures  at  the  inmiodiate  locality  arc  obscure ; 
but  the  black  shale,  which  I  regard  as  the  continuation  of  the  Marcellus  shale,  occurs 
in  the  immediate  neighborhood.^ 


» Vol.  VT.,  Economic  Geology,  by  EUwanI  Orton  Coliimbnn,  1K88.  p.  2». 

'Tbirleentb  Report  to  t1i»  Ri'^^enU  on  the  Stato  Cabinet  of  Natural  History,  Albany,  N.  Y. 

*  IWd..  p.  95.    (See  Criisty'tt  paper  ou  the  (jouiatite  LiuiuHtone  1851). 
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Ill  1801,  Messrs.  Meek  uiul  Wortlion  replied,  <iiid  gave  their  inter- 
pi-ctatioii  of  the  correlation.  Tiiis  paper,  like  tliat  of  M.  de  Yerneail, 
was  based  upon  the  evideiiue  of  fossils,  and  it  angniented  the  argn- 
nieiits  of  the  learned  French  paleontologist.  The  followiug  is  an 
abstract  of  the  paper. 

Messrs.  Meek  and  Wortheu,*  after  cjirofully  comparing  fossils  in  the 
Illinois  State  geologiciil  collection  with  specimens  from  the  Gouiatite 
bed  of  Ltockford,  Indiana,  came  to  the  conclusion  that  this  bed  was  also 
represented  in  Illinois,  Missouri,  and  Iowa,  and  that  its  stratigraphio 
position  is  much  higher  than  that  given  it  by  Ilall.  They  found  that 
the  l>liick  slate  always  occurs  beneath  the  limestone,  and  that  the 
latter  is  of  the  same  age  with  the  Chouteau  limestone  of  Swallow, 
which  h*'ul  been  i>hvced  on  a  parallel  with  the  Chemung  group,  because 
it  contained  many  fossils  found  in  other  beds  in  the  West  referred  by 
Hall  to  the  Chemung  grou]). 

A  s(H'.tion  is  given  showing  the  position  of  the  Chouteau  limestone 
with  regard  to  the  other  Western  formations,  beginning  with  the  Bur- 
lington limestone,  which  is  iUiknowledged  to  be  Carbon iferoas,  and 
extending  down  to  the  Hamilton  group,  thus: 

Feet. 

1.  Hiirliiijjrtoii  limestone  attaiiiiii';  a  thickiU!i4S  of 200 

2.  Chouteiiii  limestone 100 

3.  Vermicular  HandHtone  and  Nlmle Go  to  100 

4.  Litlio;;nipl]io  limivstone  (rather  local) 60 

T).  n'ack  slate 30  to  40 

0.  Hamilton  i;roup 120 

Numbers  2,3,  1,  are  included  by  Swallow  in  the  "Chemung."  The 
Black  slate  is  shown  to  come  in  everywiiere  above  all  the  well-de- 
lined  Ilarnilton  group  beds,  and  the  authors  assert  that  as  the  Chou- 
teau limestone  comes  directly  beiieatli  the  Burlington  limestone  .'^nd 
consJ4lerably  above  the  horizon  of  the  Hamilton  group  beds  of  the  West 
as  well  as  above  the  Black  slate,  tiien'rorcitsrei»resentativein  Indiana, 
the  (loniiitito  bed  at  Korkford,  can  not  be  rdrrred  to  any  part  of  the 
MarcelUis  sliale  at  the  base  of  tiie  Hamilton  group.  Neither  can  the 
Black  slate  be  said  t^)  represent  the  Marcellus  shale,  its  that  lies  at  the 
base  of  the  Hamilton  grouj),  and  the  Black  slate  is  always  found  above 
thC'  Hamilton.  The  position  of  the  IJlac-k  slate,  they  maintain,  is  more 
nearly  that  of  the  Cenesec  slate  as  siigi^ested  by  iM.  de  Verneuil. 

Tlie  fossils  of  the  Ikockfi^rd  limestone,  including  the  Goniatites,  were 
considered  by  the  authors  as  more  nearly  allied  to  the  Carboniferous 
forms  than  to  those  of  the  New  York  rocks ;  examjdes  are  given  to 
l)rove  this  statement,  and  a  section  to  illustrate  the  close  relations 
between  the  Chouteau  limestone  (equivalcjit  to  the  Kockford  limestone) 
and  the  Burlington  beds  in  Hlinois.    Befcn'nce  is  made  to  a  i>aper  of 

»Me©k,  F.  B..  and  A.  IT.  W(»rthoii.  lli*ninrk«  on  tlio  airo  of  tin*  (;"ni:»titi»  limestono  at  Hockfoitl, 
ludianA,  and  it4t  relatioDA  to  the  *'  Black  ttlato  "  of  the  Werttern  St»t«>H  and  to  somo  of  the  saooeodinjc 
xwfks  Mbow0  the  latter.     Am.  Juur.  Sci.,  toI.  32,  18G1,  pp.  107-177,  2ii6. 
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Mr.  C.  A.  WhitOy  in  which  lie  *<  shows  that,  out  of  a  list  of  102  described 
species  occurring  in  the  Burlington  limestonei  15  commenced  their 
existence  in  the  beds  below,  referred  by  Hall  to  the  Chemung,  which, 
as  is  well  known,  represents  the  Olionteaa  limestone  of  Swallow." 

After  noting  the  intimate  connection  between  these  beds  and  the 
Carboniferous  rocks  above  and  remembering  that  the  Cheninug  group 
in  New  York  and  Pennsylvania  is  covered  by  another  Devonian  forma- 
tion (the  Old  Bed  sandstone)  between  2,000  and  3,000  fei^t  thick,  the 
questions  arose,  should  these  Chouteau  beds  be  referred  to  the  Che- 
mung Horizon  t  Is  it  possible  that  a  great  formation  like  the  Old  lied 
atindstone,  with  its  own  fauna,  is  wanting  here  between  the  Clioiitean 
and  Burlington  limestonest  The  authors  say,  if  asked  what  is  to  be 
done  with  the  fossils  of  these  rocks  apparently  identical  with  the  Che- 
mung forms,  that  they  do  not  consider  this  identity  proved,  and  find, 
if  some  are  undistinguishable  from  Chemung  species,  there  are  numer- 
ous other  fossils  totally  distinct  from  them,  closely  allied  with  Carbon- 
iferous forms,  and  even  identical  with  them.  Mr.  C.  A.  White  had  in- 
ferred from  the  presence  of  these  ''  Chemung"  species  *^  that  they  origi- 
nated at  the  east  and  were  migrating  westward  during  the  time  that  the 
bottom  of  the  Clicuiung  seas  was  sinking  and  receiving  upon  it  the 
deposit  of  the  Old  lied  sandstone,  thus  making  these  Devonian  rocks 
equivalent  to  the  Chemung  of  New  York,  and  contemporaneous,  at 
least  in  part,  with  the  Old  Red  of  the  Cat^kill  Monntaius."  But  the 
authors  add  that  in  that  case  they  should  not  refer  the  rock  in  which 
the  Chemung  forms  occur  to  the  Chemung,  but  either  to  the  Old  Red 
or  to  the  Carboniferous,  as  in  using  these  names  they  refer  to  a  period 
of  time,  as  well  as  to  a  group  of  strata,  and  they  consider  that  the 
entire  group  of  fossils  is  far  more  nearly  allied  to  the  Carboniferous 
than  to  the  Old  Red. 

In  conclusion  they  affirm  "  that  the  relations  between  the  Chouteau 
mid  Burlington  limestones  in  Missouri,  Iowa,  and  Illinois,  where  both 
occur  together,  iis  well  as  of  the  atliiiities  of  the  fossils  found  in  the 
former  in  the  States  mentioned,  and  at  Rockford.  Indiana,  show  that 
it  should  probably  be  referred  to  the  Carboniferous  system,  or,  at  any 
rate  that  it  is  much  more  recent  than  the  Chemung,  and  not  equivalent 
to  any  New  York  rock." 

In  a  note  on  p.  288  of  vol.  32,  the  authors  propose  the  name  "  Kin- 
derhook  Group  "  for  <'  the  beds  lying  between  the  Black  slate  and  the 
Burlington  limestone  which  have  heretofore  been  considered  the  equiv- 
alents of  the  Chemung  group  of  New  York.'' 

Messrs.  C.  A.  White  and  R.  P.  Whitfield  dissented  from  the  views 
expressed  in  the  above  paper  in  an  article  published  in  the  Proceedings 
of  the  Boston  Society,^  the  same  year.    Their  chief  objection  was  to 

1  "Observations  on  the  rooks  of  tho  Misflissippi  Valley  which  havo  been  referrecl  to  the  ChemnnK 
frroup  of  New  York,  toj^ether  with  descriptions  of  new  species  from  tho  same  horizon  at  Burlington, 
Iowa."  bv  C.  A.  Whitu  and  R.  P.  WhitfloM.  Roston.  Sue.  Xat.  Hist.,  Proc,  rol.  8,  pp.  1!89-3(M>.  S»- 
Tiewed  by  "  Anon."    Am.  Jour.  Sci.,  2(1  scr. ,  voL  33,  pp.  422-42a. 
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tlie  correlcition  of  the  becln  \y\u^  between  the  horizon  of  the  ^'  Black 
Khiile'^  and  the  base  of  the  I]ur1ington  limestone  as  carboniferoiiB. 
Tboir  ar^j^iiment  was  as  follows:  On  ptissing  westward  from  New 
York,  the  ropresciitative  of  the  Chemung  in  Ohio  offers  considerable 
change  in  the  paleontolop^ic  chanictei*a,  and  between  the  correlated 
fiiunaK  of  Ohio  and  Michiji^an  a  still  greater  diiference  is  seen.  Yet 
wo  feel  warranted  in  ref^anling  them.  <^  as  of  the  age  of  the  Ghemang 
<crou[>  of  New  York,  and,  so  far  as  wo  know,  no  one  has  questioned  it.^ " 
They  wore  ^'confident  that  some  of  the  species  found  at  Burlington 
and  other  places  in  the  west  of  the  same  geological  horizon  are  iden- 
tical with  some  of  those  fonnd  in  the  Chemung  rocks  of  Ohio,  which 
rocks  can  be  traced  continuously  to  New  York,^  and,  ^^notwithstand- 
ing their  carboniferous  character,  we  think  their  reference  to  the 
( 'heinung  of  New  York  legitimate  and  proper.^"  They  accoanted for 
j\I.  de  Vcrneuirs  correlation  of  the  ^^  Chemung  "ofOhio  as  carboniferous 
by  supposing  that  he  was  ignorant  of  the  tendency  to  change  on  pass- 
ing westward,  which  they  belicviMl  belonged  to  the  fauntis.  They  fur- 
ther maintained  that  '^a  direct  continuity  of  the  strata  of  the  Chemung 
Rocks  of  New  Y^ork  can  be  traced  from  that  St-ate  to  those  of  Ohio," 
and  that  Hall  considered  that  but  for  the  Cincinnati  axis  the  con- 
tinuity could  be  traced  to  tlie  Mississippi  Valley.  They  noticed  the 
ditVcnMu:e  in  faunas,  but  believed  with  Mall  that  a  stratigraphic  con- 
tinuity had  been  established. 

When  we  examine  the  argument  criticjillj',  we  find  that  the  error  was 
at  the  start,  on  ]>assing  from  Chautauqua  County,  New  Y'ork,  to  Ohio. 
It  was  supposed  that  continuity  of  strata  Iiad  been  traced,  and,  in  spite 
of  the  difference  observed  between  the  species  in  the  Ohio  rocks  and 
those  of  the  New  York  CiKMiniug,  (he  belief  in  the  identity  of  strata  leil 
to  a  theory  to  account  for  the  dift'ereiice  of  fossils. 

This  is  one  of  the  best  illustrations  we  have  seen  of  the  principle  that 
correlations  by  lithologic  characters  cannot  be  relied  on,  even  when  the 
contiiniity  is  aflirmed  by  a  careful  gt'ologist  after  a  special  survey. 
Whereas  the  testimony  of  fossils  can  always  bi^  relied  on  to  the  extent 
and  with  the  i»re('ision  which  our  ability  to  interpret  them  will  permit, 
and  the  reason  is  not  far  to  seek.  IVtrographic  itharacters  have  no  re- 
lation to  age.  The  characters  of  fossils  are  intimately  associated  with 
the  time  and  environment  of  the  living  organisms  they  represent. 


' 'IHhi'i  vHtioiiH  on  th«  rorks  ol  tin*  MiHsiMHippi  V.ill»'y  wlii.h  li;iv«>  Imm'ii  rcf or  red  to  the  Chemang 
j;r«»ui»  of  Nrw  York,  to^«llMT  with  dcHCiiptioiiM  of  lU'W  npnirf*  from  tin-  j<airn«  liori/on  at  Burlington, 
Iowa,  "  by  C.  A.  Wliih'  ;iih1  K.  P.  Whiirnl(l.  noHt<iii.  Sor.  Nat.  llii*t.,  Proc,  vol.  8,  pp.  2«>-3M(.  Be- 
viuwed  uy  "  Auou.'*    A  m.  Jour.  Sci.,  2(1  a\:r.,  vol.  li'S,  p.  2U0. 


CHAPTER   IX, 

THE  PERMIAN  PROBLEM  OF  KANSAS  AND  NEBRASKA,  1858-1886. 

The  determination  of  tho  upper  limit  of  tlie  Paleozoic  rocks  of  America 
was  a  problem  which  did  not  trouble  the  students  of  the  geological  for- 
mations east  of  the  Mississippi  River  until  it  had  been  suggested  by 
studies  farther  west.  The  Carboniferous  period  in  the  Appalachian 
province  was  terminated  by  an  uplift,  which  may  have  taken  place 
daring  the  Permian  epoch,  as  suggested  by  Messrs.  Fontaine  and  White, 
but  stratigraphically  the  system  was  terminated  by  cessation  of  depo- 
sition, the  result  of  the  permanent  elevation  of  the  great  mass  of  the 
Paleozoic  deposits  above  ocean  level.  West  of  the  Mississippi,  at  the 
western  boundary  of  the  outcrop  of  the  Carboniferous  system,  in  Ne- 
braska, Kansas,  and  Texas,  and  around  elevated  masses  in  Dakota  and 
New  Mexico,  the  Permian  problem  arose  for  solution. 

The  iirst  annoucement  of  the  discovery  of  Permian  fossils  was  made 
in  1857,  in  a  letter  to  F.  Uawn,  dated  September  3,  1857,  written  by 
F.  B.  Meek,  regarding  the  identification  of  some  fossils  sent  by  the 
former  to  the  latter  for  that  purpose.  Mr.  Meek's  identification  of  the 
forms  was  recorded  in  written  memoranda  in  the  Smithsonian  Institu- 
tion January  19,  1858.  Mr.  Hawn  had  sent  similar  fossils  to  Mr.  Swal- 
low, who  reiK)rted  their  identific^ition  with  Permian  forms  to  the  St. 
Louis  Academy  of  Science  in  a  letter  dated  February  18,  1858,  which 
wiis  read  February  22.  Mr.  Meek  communicated  a  i>aper  announcing 
the  discovery  of  fossils  ^Mudicating  Permian  rocks  in  Kansas"  to  the 
Albany  Institute,  March  2, 1858,  and  also  in  a  letter  to  the  Philadelphia 
Academy  of  Natural  Science,  of  the  same  date.^  Following  these  an- 
nouncements came  fuller  descriptions  and  other  discoveries  in  other 
]>arts  of  the  outcrop  of  the  same  terraue,  made  by  J.  G.  Norwood,  B. 
F.  Shumard,  and  others. 

At  the  beginning  of  1858,  F.  Ilawn  was  United  StatA3S  geologist  in 
Kansas ;  G.  C.  Swallow  was  State  geologist  of  Missouri ;  F.  B.  Meek 
was  assisting  as  paleontologist  in  the  explorations  of  F.  V.  Ilayden, 
United  States  geologist  in  the  Temtories;  J.  G.  Norwood  was  State 
gooh)gist  of  Illinois,  and  B.  F.  Shumard  was  assisting  G.  C.  Swallow 
in  Missouri. 

The  Coal  Measures  had  been  studied  and  pretty  thoroughly  classi- 
fied for  all  the  States  east  of  the  Mississippi.  Their  marine  fossils  had 
been  gathered  in  most  of  the  States,  and  partially  identified. 
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194  THE   DEVONIAN   AND   CARBONIFEROUS.  [1111U.8OL 

The  Permian  system  had  beeu  named  and  defined  by  Murohison  in 
the  rc])ort  on  the  geology  of  Russia.^ 
William  King's  monograph  of  the  Permian  fossils  of  England  was 

published  in  1850. 

Miirchison's  idea  of  the  ^< Permian''  was,  that  it  was  a  system  equiva- 
lent in  rank  to  the  Silurian  or  Carboniferous,  and  that  it  was  character- 
ized "  by  one  tyi)e  of  animal  and  vegetable  life."  The  question  as  to 
whether  this  idea  was  a  correct  one  did  not  come  definitely  before  the 
American  geologists  till  a  later  period.  When  they  discovered  above 
the  Coal  Measures  fossils  indicating  a  Permian  fauna,  the  question  was 
as  to  whether  or  not  the  Permian  system  was  present  in  the  American 
geological  series. 

Those  who  took  the  most  active  part  in  the  discussion  were  Messrs. 
Meek,  llayden,  Swallow,  Shumard,  Hawn,  Marcou,  Geinitz,  Norwood, 
Newberry,  and  C.  A.  White. 

The  typical  sections  whence  the  fossils  came  were  along  the  Kansas 
Eiver  in  northeast  Kansas,  and  in  Nebraska  and  south  and  west  of 
these  (at  that  time)  Territories.  In  Swallow  and  Uawn's  paper  on 
''The  liocks  of  Kansas"^  is  given  the  typical  Kansas  section  made  by 
F.  Ilawu,  consisting  of—' 

Fl^ot.       StraU  Nos. 

SysU^m      I.  Quaternary 169  l-^J 

Systoin     II.  Cretaceous 72  4^'i 

System  111    Tria88ic(T) 4WJ(T)  6-25 

SyHtem  III.  Permian: 

Upper  Permian 263  26-31 

Lower  Permian 557  32-70 

System  IV.  Carboniferous: 

**Coal  MciWurcH,  probably  above  tbe  upper  Coal 

Measures  of  Missouri" l.C?.** 

Tlie  section  nuido  iiidepeiidcntly  by  ]\lessra.  Meek  and  llayden,  in- 
cUuliiifj:  about  the  same  section  of  rocks,  is  ])nblislu'd  in  their  paper  on 
"Geological  Kxplorations  in  Kansas  Territory.-'* 

The  section  is  entitled  *' General  section  of  the  rocks  of  Kansas  Val- 
ley from  the  Cretaceous  down,  so  as  to  include  portions  of  the  Up]>«'r 
Coal  Measures."  Forty  strata  are  given,  numbered  from  above  down- 
ward, 1  to  40.  The  jmint  wher;>  they  draw  the  line  between  the  TJi>per 
Coal  Measures  and  what  may  be  called  the  rermian  is  at  the  top  of  their 
stratum  No.  11.  No.  10  above  contains  well  aullientieated  Permian 
fossils;  the  locality  of  both  sections  is  on  Cottonwood  Creek,  in  the 
neighborhood  of  Fort  liiley.  Most  of  the  fossils  re])orled  as  Perniian 
by  Swalh)w  and  coHected  by  Hawn  were  from  the  Valley  of  the  Cotton- 
wood and  from  Smoky  Mill  Fork. 

*  Mnnhison.  V«Tnrnil.  ami  Kr»ys«Mliii^iii  18t5.  Tlir  Hist  niiiiounct'iniiit  of  llm  syHteniwiu*  niailc  ina 
Icttir  fnmi  MuitImmoii  t\Mvd  Momc.'ow,  ScjitoiubiT.  1841,  aud  i>iiblisho<l  in  ihi'  I'liilosophical  Mn{;azme, 
vol.  UK  p.  419. 

»Traim.  St.  T.,<ml'»  Acail.  Sn'.,  vol.  1,  pii.  WA  197. 

'Ibul,  /»/..  174-175. 
^Proc.  Acatl  Nat.  Scl.,  Phil.,  vol.  2,  pp.  &-3(K 
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In  the  early  discassions  Meek  and  Hayden  recognized  only  ^^  the  Upper 
Permian"  of  Swallow  as  equivalent  to  the  Permian  of  Euroi^e;  the 
*^ Lower  Permian''  of  Swallow  they  considered  as  intermediate,  and 
called  it  *^  Permo-Garboniferous."  After  a  thorough  study  of  the  fossils 
in  18G5  and  later,  Mr.  Meek  dropi>ed  the  term  ^'  Permo- Carboniferous," 
and  included  all  the  rocks,  except  the  upper  zone  of  Swallow  and  the 
barren  rocks  above  and  their  equivalents,  in  the  Upper  Goal  Measures. 

The  facts  emphasized  by  Mr.  Meek  were  the  gradual  coming  in  of  the 
Permian  faunas  at  the  top  of  the  Goal  Measures,  followed  above  by  a 
series  of  barren  ferruginous  beds  and  magnesiau  limestones  with  gyp- 
sum, and  these  followed  by  the  Cretaceous.  But  all  along  this  south- 
western border  of  the  Carboniferous  there  was  a  gradual  passage  from 
the  Coal  Measures  lithology  to  that  of  the  Permian  type  above,  with  no 
Btratign^phic  break,  and  a  gradual  change  in  the  faunas,  the  Permian 
tyi)es  coming  in  during  the  prevalence  of  Upper  Coal  Measure  types, 
and  by  degrees  increasing  in  dominance  till  the  latter  had  nearly  ceased. 

There  was  nothing  to  suggest  a  distinct  system  except  the  European 
classification,  and  in  ignorance  of  European  Geology  no  one  would  have 
thought  to  draw  a  line  of  higher  value  than  separating  two  Stages,  be- 
tween the  two  sets  of  rocks. 

The  correlation  with  the  European  Permian  was  made  on  purely  pale, 
ontological  grounds. 

A  letter  from  G.  C.  Swallow  to  B.  F.  Shumard  was  read  before  the 
St.  Louis  Academy  of  Science,^  announcing  the  identification  of  fossils 
collected  by  llawn  from  Kansiis.    The  letter  states: 

All  of  tbo  descrihod  fossils,  with  porhaps  two  exceptions^  are  identical  with  Per- 
mian species  of  Russia  and  England,  while  all  of  the  new  species  ax^pear  to  bo  more 
nearly  alliOd  to  Permian  forms  than  to  any  other. 

At  the  same  meeting  a  paper  was  read  by  Messrs.  Swallow  and 
JJawn.*  Mr.  Swallow  considei-ed  the  evidence  of  identity  of  fossils  as 
sufficient  to  justify  the  decision  that  '*the  rocks  are  Pennian."^ 

Messrs.  Meek  and  Hayden^  announced  to  the  Philadelphia  Academy 
of  Science,  March  2,  1858,  by  letter,  the  identification  of  fossils  sent  Mr. 
Me-ek  by  Mr.  F.  Hawn  from  near  the  junction  of  Solomon's  and  Smoky 
Hill  Forks  of  Kansas  Eiver,  ''indicating  the  probable  existence  of  Per- 
mian rocks  in  Kansius  Territory." 

The  fossils  were  in  the  form  of  casts  in  a  yellowish  m<agnesian  lime- 
stone, were  '*  unlike  any  forms  known  to  them  from  the  Carboniferous 


>  Swallow,  Cr.  C:  DiHcovcry  of  roniiiiiii  l^cks  in  Kaiiwui.  Jtead  JTebraary  22,  18M.  St.  Tx>uiB  AchU. 
84^.,  TraiiH.,  vol.  1,  1860.  p.  111. 

Shuiiiiinl,  B.  F.:  DiRoovcry  of  tlio  rurmlau  foniiations  in  Mexico.  Koail  March  8,  18'tS.  St.  Lotiia 
Acad.  Scl.,  TrauH.,  vol.  1,  18G0,  p.  11.1. 

Swallow,  G.  C,  and  F.  llawn:  Tho  lUieka  of  Kanttaa.  St.  Tallin  Acail.  Sci.,  Trana.,  vol.  1,  1860.  pp. 
17IJ  -175.    Thi-i  paper  wa.1  ci)nuiiniiir»t«>i|  to  tlio  Sm-ioty  I-Vbrnary  ITJ.  IJVJS. 

2  "  Tlio  Kocka (»f  KanHaM,  with  di^Mcription.s  of  Now  FohsiIm  from  the  Poniilan  formation  in  Kanaaa 
Territory.''    Thia  waa  pnhliNhcil  in  fnll  later,  in  the  name  vol.  I,  pp.  17:{-197. 

*Th«  same  annonncvnient  api>oare<I  in  the  American  Jonmal  of  Science.  Marvh,  1858.  (Vol.26, 
p.  305.) 

«l^roe.  PhiU.  Ao«d.  ScL,  yoL  10,  pp.  9, 10. 
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8yst4in),"  aud  were  ^^very  nearly  allied  to  tyi)es  conBidered  character- 
istic of  the  Periiiiau  of  the  Old  World."  The  letter  states  that  when 
Major  Ilawu  was  informed  of  the  ideutifieation,  several  months  pre- 
vious, lie  reported  that  the  bed  from  which  the  fossils  were  obtained 
was  above  the  well  marked  Coal  Measures,  <^and  seems  to  have  been 
deposited  ui>on  an  uneven  surface.'' 

On  the  same  day  that  this  anuouncement  was  made  to  the  Philadel- 
phia Academy,  a  paper  eutitleil  <'  Description  of  new  organic  remains 
from  northeastern  Kansas,  indicating  the  existence  of  Permian  rocks 
in  that  Territory,"  by  Messrs.  Meek  and  Hayden,  was  read  before  the 
Albanv  Institute.^ 

lu  this  paper,  which  was  read  before  the  Albany  Institute  March  2, 
1858,  the  authors  announce  that  fossils  hiid  been  examined  by  them, 
received  ft-om  Miij.P.  Ilawu  "  from  near  the  mouth  of  the  Smoky  Hill 
Fork  of  the  Kansas  Eiver,  in  a  hanl,  rather  compact,  yellowish,  brittle 
maguesiau  limestone.-'  They  differed  ^'  from  forms  known  to  ns  in  any 
l)art  of  the  Carboniferous  system,  yet  were  more  nearly  like  Upper 
Carboniferous  than  Triassic  or  Jurassic  types.  •  •  •  Suspecting 
this  rock  might  represent  the  Permian  system  of  the  Old  World,  a 
ha.sty  comparison  Wiis  made  *  •  •  which  almost  established  the 
conviction  (six  or  eight  months  ago)  that  they  belonged  to  that  ei)och." 

^^  Fn^m  the  uu(iuestionable  rehitions  of  some  [of  the  speciesj  and  the 
apparent  afTinities  of  others,  taken  in  connection  with  the  lithological 
characters  aud  the  stratigraphical  position  of  the  rock  in  which  they 
occur,  we  think  there  is  scarcely  room  to  doubt  that  it  is  of  Permian 
age."- 

These  announcements  of  the  Permian  (-haracter  of  the  fossils  discov- 
ered by  F.  llawn  in  Kansas  were  followed  hiter  by  tiie  rtH.',ognition  of 
rermian  fossils  by  B.  F.  Sliunianl  Iroiii  tlie  white  limestones  of  the 
Guadalupe  Mountains,  New  Mexico,  March  S,  18j8,  collected  by  G.  G. 
tShumard.'' 

J.  (i.  Norwood,  A  [nil  5,  185S,  anriounctMl  to  the  St.  Louis  Academy 
that  i'oniparisoii  of  t'ossils  found  in  the  u[)per  ])art  of  the  sections  in 
Jhireau,  La  Salle,  aiul  Ii<'nry  Counties,  Illinois,  with  those  identified  by 
^lessrs.  Swallow  and  Meek,  had  convinced  him  that  the  upper  beds  of 
his  sections  witc  of  the  same  age  as  those  belonging  to  the  Permian 
rocks  of  Kansas.* 


'TrariH.  Alli.  Inst.,  vol.  4,  jiji.  Ti  >«.     AIm«».  Am.  .Inur.  Sri.,  \o\.  J",   pp.  UO.  441. 

'Tin- lollowiim  spiM:ii'*  .III- ili'.M-rilM'il :  .Ifn/ti/j*  llan-ni  ip  Tiii  .  Mf/alnni  {Mf/tilun)  ptratU'Huata  l\t. 
77 1,  llak''ifUl>i  jiiirni  (p.  7m,  l^'-'tn  iXitrnln)  mthxciti'lii  (p.  7!»i,  H'lnnniilm  .'  CaUnmni  (p.  KOi.  rU-ti 
inphiirini  '  ut''til'itttil\i<  (p.  KO),  l\  {('uriiin-ia)  Kiih.-u ncafn  ip.  >li.  I.i^nnfia  (I'tHfjnta)  cuneava  {i^.li'D, 
ri'iijuta  C'K'i't'i'  (p.  83).  Xautihtu  cct'entri^u*  'p.  ^;■.^ 

»S»M>  Tian."'.  St.  I.oiii«  \m,\<\.  Si:i.,  vol  1.  p.  1 1:; ;  al-*«»  Mairli  •_':»,  1S.'>.  Pim'.  Atail.  Nat.  Sri  ,  vol.  10,  p.  14. 
Tin;  d«'»rripti"»u  of  tl:r'»«»  ln.H.«,il4  i.s  piilflisli«>il  in  iln-  tiaii-^.u-tiuns  «il  tin'  St.  I.nuli*  -\ra«U*niy  of  Si-iv«n(*«'M. 
vol.  l.pi».  .'{87   I0:{. 

*Traii.>«.  Si.  Lonii*  .Xcad.  S«i.,  vol.  1.  p.  1I.'»,  Sim-  also  Noi\\oim1,  J.  (;.:  Tlir  IVnniaii  in  IIliDoifli.  Am. 
Jour.  Sci..  vol.  2(y,  IK.'.X,  pp.  1"^,  V'.w. 

IIay<lt»n.  V.  V..  ami  F.  I>   Mfi-k.     |()ii  tin'  pr<ili.ilili>  i  xi-i,  m  •■  oi    IN  irni.ui  lockn  in  Kaii^m.]     (Rt-ad 
JkfiitcU 'J,  I638.t     Pliiliulelpliia  Acawl.  Scu,  Pivc.  vol   10.  l-r.'j  pji.  U.  K». 
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Messrs.  Swallow  and  Hawn,^  in  ^^The  Eocks  of  Kansas,^  1858,  gave  a 
section  with  820  feet  of  <<  Permian  rocks"  above  the  Coal  Measares,  and 
still  higher,  420J  feet  of  Triassic(t).  They  enumerate  72  species  as  Per- 
mian; 30  of  these  are  identified  with  species  before  described;  others 
are  doabtfally  referred  to  described  si)ecies  or  are  given  new  names. 

In  the  article  in  the  American  Journal  of  Science,  Swallow'  acknowl- 
edged that  Mr.  Meek  first  discovered  the  Permian  character  of  tlic  Kan- 
sas fossils,  and  communicated  it  to  Uawn  September  3,  1857,  and  ver- 
bally to  a  friend  at  the  Smithsonian  January  17, 1858,  and  to  Leidy  the 
IGth  of  March,  1858,  and  he  stated  that  llawn  first  received  the  idea 
from  Meek.^ 

Messrs.  Hayden  aifd  Meek^  found  upon  more  thorough  study  of  section 
and  fossils,  and  comparison  with  the  Nebraska  section,  that  only  Swal- 
low's Upper  Permian  of  Kansas  is  equivalent  to  the  Enro[>ean  Permian, 
and  Swallow^H  Lower  Permian,  with  several  hundred  feet  of  what  he  re- 
garded as  the  top  of  the  Coal  Measures,  in  which  Mo^iwiis  was  discovered 
by  Meek,  they  call  tr<insitional  ami  name  '^PermoCarboniferous,"  or, 
if  it  must  be  placed  one  side  or  the  other  of  the  line,  suggest  that  it  be 
put  in  the  Carboniferous.' 

In  a  paper*  read  in  May,  1857,  Meek  and  Ilayden  presented  a  section 
of  the  rocks  of  Nebraska  in  which  the  base,  of  unknown  thickness,  is 
called  " C.irboniferoua."  It  is  seen  along  the  Missouri  River  .it  Do  Soto; 
and  at  Council  Bluffs,  at  low  stages  of  the  river,  fifteen  or  twenty  feet 
of  it  are  exposed.  This  part  is  a  yellow  limestone,  with  Fusnlina  eylin- 
drica  and  other  Coal  Measure  fossils. 

Al>ove  this  the  section  for  fiYO^  members  is  called  "Cretaceous."  - 

No.  1  is  described  as  yellowish  and  friable  sai]d8ti)nes  with  alternation 
of  dark  and  whitish  clays,  seams  and  bexls  of  impure  lignite,  fossil  wood, 
impro^ons  of  dicotyledonous  leaves,  Solerij  Pectunculmj  Cyprina,  etc. 
This  bed  is  "not  positively  known  to  belong  to  the  Cretaceous  system.'^ 
The  authors  correlate  this  No.  1  with /of  the  New  Jersey  sections  fur- 
nished by  G.  H.  Cook,  "mairdy  resting  the  opinion  ui)on  stratigraphic 
and  lithologic  evideuc^e."  Its  correlation  in  the  Alabama  section  is* 
with  E  of  Alexander  WinchelPs  section.     (See  Table,  beyond.) 

In  the  same  paper  is  given  a  section  of  the  rocks  of  Kansas  furnished 
by  Hawn.    It  is  a  compiled  section,  based  upon  his  observations  made 


'Iteviewed  Am.  Jour.  Scl.,  vol.  2G,  p.  115,  and  fliihHtantiAlly  thu  name  papor  roail  Iwroro  tlin  Am. 
A  f«9oc.  Adv.  Sci.,  at  naltimoro,  larking  tho  descriptiorifl,  uiid  printed  in  the  Am.  Juur.  Sci.,  vcd.  26,  p.  182. 

«  Vol.  25,  p.  188. 

^Seo  alMO  Hayden'A  paper,  Am.  Jonr.  Sci.,  2d  ner.,  vol.  44, 1867,  pp.  32-40. 

*Ani.  Jour.  Sci.,  vol.  27,  Ifi.'iO,  pp.  31-35. 

*See  alno  notes  explanatory  of  a  map  and  section  ilhiAtratin^  the  j;eolo;;ical  Htructiirc  of  tlio  country 
liordrring  on  the  MiHSOiiri  Jtivcr,  Trom  the  mouth  of  tho  IMatto  River  to  Fort  Denton,  in  hititudo  47'' 
3W  N..  loncitud©  lia^  30'  W.,  by  F.  V.  Ilayden,  M.  D..  Proc.  Acad.  Nat  Sri..  PIiIIji.,  v«.1.  1»,  1857.  109  116. 

'  DeHcriptions  of  now  Hpecios  and  j^onera  of  fosnilH  coIltict('<l  by  Dr.  ¥.  V.  Haydrn  in  Nnbnwka  Terri- 
tory, under  tbo  direction  of  Liont.  (r.  K.  Warren,  V.  S.  Topo^ra]>hical  Kii<;int>«r;  witli  Home  remarkft  on 
the  Tertiary  and  Cretaceous  formation  A  of  the  North  wost,  and  tho  p.-trallolirtni  of  tlie  latter  with  thoiu) 
of  other  portions  of  tho  UnitiMi  Staters  and  TerritorieA,  liy  F.  It.  Meek  and  F.  V.  Ilayden,  M.  D.,  ProCf 
Acad.  N»t.  Sci.,  Pliila.,  vol.  0, 1837,  pp.  117-148. 
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in  tlie  country  east  of  the  sixth  principal  meridian  and  between  the 
northern  boundary  of  Kansas  and  the  Republican  Fork  of  the  Kansas 
Kiver.  In  this  section  the  lowest  bed,  tn,  a  siliceous  limestone,  is  re- 
garded as  Carbonifero\is.  The  strata  c  to  Ij  next  above,  are  considered 
as  equivalent  to  No.  1  of  the  Nebraska  section.  The  lower  part  of  these 
beds,/  to  /,  is  correlated  with  the  Triassic  of  Marcon;  the  higher  part 
a  to  6',  with  Marcon's  Jurassic.  The  Pyramid  section  of  New  Mexico, 
according  to  Mr.  Marcou,  is  given,  p.  132.  The  lower  members  of  this 
section,  c,  d,  and  Cj  called  Jurassic  by  Marcou,  and/,  called  Triassic  by 
him,  are  correlated  with  No.  1  of  the  Nebraska  section.^ 

In  a  second  paper  by  F.  Y.  Hayden,^  a  strip  of  Permian  is  colored  in 
l^ansas  between  the  Carboniferous  and  the  Cretaceous,  a  little  west  of 
Nebraska  City  and  west  of  Fort  Riley,  in  what  in  the  first  map  was  col- 
ored Cretaceous.    This  change  is  based  upon  facts  reported  by  Hawn.' 

It  appears  from  this  paper  that  the  insertion  of  No.  1  of  the  Nebraska 
section  of  the  Cretaceous  was  made  upon  the  report  of  Uawn  as  to  the 
species  contained  in  it  or  below  it,  which  belonged  to  genera  character- 
istic of  tlie  Cretaceous.^  Upon  examination  of  fossils  derived  from  No. 
1  they  were  found  by  Meek  to  be  of  Permian  or  Carboniferous  tyi)es. 
The  presence  of  the  leaves  of  dicotyledonous  trees  was  the  evidence 
upon  which  the  authors  (Meek  and  Hayden)  relied  as  positive  indication 
of  the  Cretaceous  system.  These  occurred  above  No.  1.  The  evidence 
for  this  correction  apparently  did  not  reach  the  autliors  in  time  to  adjust 
the  bo<ly  of  the  paper. 
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In  the  Judith  Kiver  section  a  bed  callod  '*  No.  1  (f)  is  delined,  and 
its  true  position  was  uncertain  to  F.  V,  llayden  in  May,  1857.* 
15.  F.  Sliunianl,  in  a  i)aper*^  read  before  tlie  Academy  of  Science,  in 

•  l)«j8rri]»tioD  of  iK'W  MjM-oii"*  ami  ;:fuera  of  fossils  rolli  ctfil  by  Dr.  F.  V.  IIaytl«<ii  in  N<*bra«ka  Ti^rri- 
t4>ry,  iiiiiliir  the  diiirtimi  of  I.ifut.  (i.  K.  Warren,  I'.  S.  Tupour.ij.hiiai  Kn^irMir :  with  Mi»nie  i-eMi;«rki«4in 
tho  Tertiaiy  ami  rretanoiiH  foiniatii>nM  of  tlie  Nni  thw<  "t.  an<l  tin'  ]i.i]:illi  lixrn  ot  tht>  latter  with  tliO!«e 
of  othiM- ])ortions  of  the  United  .Stales  and  Tiiiilorirs,  li>  F.  !>.  Mi  rk  aii<l  F.  \  .  llayileii,  M.  !>.,  l*roo. 
Aeail.  Nat.  Sii.,  Fhila.,  vol.  9,  p.  \'2'J. 
^Prov.  Aead.  Nat.  Sei.  Phil.,  vol.  I'l.pp.  1.^9-1M.  'Sre  no1«v  llii.l..  y.  lit. 

*See  iioto,  Iltii].,  />.  /4.'i,  146,  foof-notti.  '^'  II)i«l.,  vol.  u.  p  1  UJ. 

*'  "  Oltsiivuthitts  «;i(>fi  tij<;  Crel.lc04ML!i  AtraU\  oV  Tev.i^,  '  V>^  V..V."!>Vv\vuv.vvU,  Slate  (;eolo;;iat,  Trans., 
rol  1,  A'o.  4,  p.  58'2. 


wiLUAXB.]  MEEK  AND  HATDEK,  NEWBERRY.  199 

St  LoaiSy  in  1860|  correlates  the  lower  Cretaceous  beds  (^'Arenaceous 
and  Bed  fiiver  f^^roiii^ ")  with  So,  1,  of  the  Kebraska  section ;  in  it 
are  recorded  characteristic  Cretaceous  fossils. 

Messrs.  Meek  and  Hayden^  having  examined  the  fossils  and  other 
geological  specimens  collected  by  Lieut  6.  K.  Warren,  toi)ograi>hicaI 
engineer  in  and  near  the  Black  Hills,  Nebraska,  gave  the  succession  of 
geological  formations  indicated  by  them. 

The  main  body  of  the  Hills  is  granite,  and  superimposed  upon  it  is — 

(1)  A  ^oiip  of  lii}<fhly  metamorpboHcd  sediineutary  formations. 

(2)  A  sandstouo  equivalent  to  the  Potadam  sandstone  of  the  New  York  series. 

(3)  LiiuoBtoues  containing  fossils  which  are  a  mingling  of  Coal  Measure  and  Lower 
Carboniferous  types. 

(4)  Two  red  beds  containing  specimens  of  fossils  closely  allied  to  Coal  Measnre 
forms.  These  red  beds  may  be  of  Permian  age,  though  the  fossils  point  rather  to  the 
Vpper  Carboniferons  scries.  It  is  not  improbable  that  the  upper  bed  may  be  Triassic 
or  even  Jurassic. 

(.'>)  Strata  containing  fossils  of  Jurassic  type.  The  strata  are  argillaceous  shales 
and  various  colored  sandstones. 

((!)  Buds  regarded  as  belonging  to  the  older  Cretaceous,  though  a  large  portion  of 
them  may  be  Jurassic.  « 

Above  all  tliese  formations  are  in  regular  succession,  No.  2,  No.  3^ 
No.  4,  No.  5,  of  the  Crctiiceous  series  of  Nebraska.'' 

Mr.  Swallow  examined  a  collection  of  fossils  from  the  Upper  Coal 
Measures  of  Kansas  Territory,  made  by  IMr.  I  lawn,  compared  them 
with  Permian  fossils  from  Kussia  of  Verneuil,  and  decided  that  the 
Kansas  fossils  are  also  Permian. 

On  his  journey  to  New  Mexico,  J.  S.  Newberry^  found  Permian  fossils 
in  Kansas,  and  the  beds  described  by  Meek  <and  iiayden  as  between 
the  Lower  ('retaceous  and  the  Permian,  which  they  state  may  be  either 
Jurassic  or  Triassic.  Ue  also  saw  the  same  red  or  brown  sandstone 
from  which  those  gentlemen  collected  the  fossil  leaves  which  lleer  and 
Marcou  pronounced  to  be  Miocene,  but  which  Newberry  says  are  the 
same  which  mark  the  base  of  the  Cretaceous  in  New  Jersey,  Nebraska, 
and  Kansas.  And  farther  southwest  he  found  this  same  sandstone 
overlaid  by  the  same  Cretaceous  seen  by  Meek  and  Iiayden  surmount- 
ing it  in  Nebraska,  these  Cretaceous  beds  containing  well  known  and 
admitted  Cretaceous  fossils,  and  also  the  very  Gryph(va  relied  upon  by 
Marcou  to  prove  the  existence  of  the  Jurassic,  proving,  if  Marcou  and 
Ileer  are  right,  that  the  Miocene  is  older  than  the  Cretaceous  and 
Jurassic. 

In  New  Mexico  Mr.  Newberry  discovered  facts  sustaining  the  pres- 
ence of  the  Trias  there,  as  in  the  red  gypsum-bearing  marls  containing 
cye.idaceous  i»lants,  similar  to  those  of  the  Keuper  (Upper  Trias)  of 
Europe. 

In  the  letter  M'rom  B.  F.  Shumard,  read  by  Joseph  Leidy,  to  the 


«  Mt^k.  V.  B., an«l  h\  V.  IlayiloTi :  Fo^hjIh  of  Nebraskn.  'Am.  Jour. StL,  vol. 25, 1858,  pp. 439  441. 
>  Swallow,  (i.  (>. :  On  Pi-riniaii  strata  in  KunsaH.   Am.  Jour.  ScL,  2(1  H<^ri<;>«,  vol.  25, 185S,  p.  305. 
»  NowIm-i  ry,  J.  S. :  Kxplonitlou.s  in  N'c-w  Mrxiro.     Am.  .Tour.  Sc\.,  viA.'ii^,  \¥«ia,  w'--^*  *^*^« 
•On  Prrmiau  ronkn  of  Nuw  Mexico.   Ily  U.  F.  Shuuiurd,  Phil.  AcaA.S^iV.,  Vtw,,vto\.\vNAVoft,Y-^^* 
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Acadf^iD.y  of  Sciencey  Philmlelphiai  the  undoubted  occuiTonce  of  Per- 
mian fossils  in  the  white  limestone  of  the  Guadalupe  Mountains,  New 
Mexico,  was  announced.  The  collection  consists  of  forty  species,  part 
of  wliich  are  identical  with  the  Permian  forms  of  England  and  Bussia. 
Below  this  limestone  is  a  sandstone  containing  the  same  fossils  found 
in  the  same  formation  in  Missouri,  Iowa,  and  Illinois,  '^bnt  in  New 
Mexico  scarcely  a  single  species  ranges  from  the  Coal  Measures  into 
the  Permian." 

Sir  Koderick  Murchison,^  in  a  letter  to  the  editors  of  the  American 
Journal,  expresses  his  surprise  at  the  statement  made  by  Mr.  Marcou 
with  regard  to  the  term  Permian,  as  given  by  Murchison,  for  the  strata 
of  the  government  of  Perm,  which  term  he  considered  a  very  improper 
one,  and  also  that  Murchison  has  included  in  his  l^ermian  a  part,  if 
not  the  whole,  of  the  Trias. 

Considering  this  a  serious  charge,  Murchison  .asked  an  explanation 
of  Marcou  of  the  grounds  upon  which  it  was  msule.  and  this  was  finally 
given  in  the  memoir  noticed  in  tliis  letter.  Murchison  objected  strongly 
to  criticisms  ui>on  his  work  by  one  who  had  never  been  in  Knssia, 
spoke  of  the  absolute  distinction  between  the  fossils  of  the  Permian 
group  and  those  of  the  Trias,  whether  we  refer  to  the  re])tiles,  fishes, 
and  shells,  or  to  the  plants,  but  Mr.  Marcou  unites  these  two  deposits 
in  one  natural  group  under  the  name  of  New  lied  sandstone. 

The  author  concludes  by  requesting  the  editors  to  translate  into  En- 
glish the  last  page  of  Mr.  Marex)u's  memoir,  considering  it  the  best 
arguiiuMit  against  the  adoption  of  that  gentleman's  views  that  could 
be  produced. 

The  editors  gave  the  summary  referred  to,  in  which  Mr.  Marcou  re- 
gards the  New  Ked  sandstone,  comprising  the  I  has  and  Trias,  as  a 
great  geologic  period  e<iuivalent  to  the  Paleozoic  epoch,  the  Carl)on- 
ifcroiis,  Mesozoic,  etc.,  and  says  that  he  restricts  the  limits  ordinarily 
given  to  the  Paleozoic  and  Mesozoic,  and  gives  them  proi)ortion8  more 
in  harmony  with  those  of  tlu»  Tertiary  and  reijcnt  epoch,  in  order  to 
have  a  well  balanced  and  natural  classification.  lie  considers  the  Car- 
boniferous forms  of  life  found  in  the  lower  IhmIs  of  the  '*  New  Red''  as 
a  kind  of  rear  guard  to  t\\o  preceding  organisms,  and  the  forms  found 
in  the  upper  beds  as  precursors  or  advance  guard  of  the  Mesozoic  pop- 
ulations. 

in  l.S51>,  Messrs.  Meek  and  llayden  acknowledge  their  mistake^  in 
having  ])la(MMl  certain  rocks  of  Kansas  on  a  paralh^l  with  No.  1  of  Ne- 
braska section,  having  ascertained  by  their  fossils,  wliiijh  are  similar 
to  the  Permian  of  the  Old  World,  that  these  rueks  should  be  placed 
lower,  and  the  same  was  done  with  the  lower  IMK)  I'eet  of  Mr.  JMarcou's 

'  Mun')ii«*oii.  Sir  Koilerick  J. :    XDtii'f  of  n  inoimiir  l>y  M.  .FuIih  M.ik  mi.  mlitltMl  •■  I)y;is  and  Triai*. 
or  tlio  Now  iCotl  SaiulHtDiio  in  Europe,  Nortli  A  incrii'ii  an<l   Iiiiha."     Am.  .Imir.  Sri.,  vol.  'J8,  IH.'iO.  ]ip. 

2:10  uriH. 

^M*'t'k.  F.  JJ..  rikI  F.  V.  Ilaj-den :  On  the  fui-calleil  Trian.'^ii'  rwks  of  Kjinniw  iiinl  NHliranka.     Am. 
Jour.  Sci.,  yol.  27,  lt<59,  j*p.  31-36. 
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Pyramid  Mouutaiu  sectiou  (New  Mexico),  referred  by  him  to  the  Trias. 
These  200  feet  the  authors  cousider  eijtiivalent  to  the  Kansas  deiH)sits 
between  the  base  of  No.  1  aad  the  beds  coutaiuiug  Perniiau  fossils, 
and  the  rest  .of  the  Pyramid  section,  which  he  referred  to  the  Jurassic, 
as  equivalent  to  the  Cretaceous  formations,  Nos.  1,  2,  3,  of  Nebraska. 

Tlie  authors  refer  to  their  havinji:  considered  No.  1  as  a  Cretaceous 
formation  from  the  presence  in  it  of  dichotyledonons  leiives  (EttingishauS' 
tana,  etc.),  while  Major  }Iawn  pronounces  this  formation  in  Nebrasksl, 
Kansas,  and  New  Mexico,  to  be  Trias,  and  they  give  Newberry's  opin- 
ion after  having  seen  the  whole  collection,  affirming  the  correlation 
with  the  Cretaceous  formations.  They  also  speak  of  the  beds  between 
the  base  of  No.  1  and  those  from  which  Permian  fossils  are  obtained 
in  Kansas,  as  possibly  Jurassic  or  Triassic,  or  both,  but  do  not  attempt 
to  define  their  age  with  certainty.  With  regard  to  the  Permian  rocks 
of  Kansas,  as  classified  by  Swallow  and  Llawn,  they  are  inclined  to  the 
opinion  that  the  lower  Permian  of  these  gentlemen  should  bo  consid- 
ered as  intermediate  in  age  between  the  Permian  and  Upper  Coal  Meas- 
ures of  the  Old  World,  while  the  Upper  Permian  only,  of  their  section, 
really  represents  the  Permian  rocks  of  Europe,  and  tlioy  i>ropose  the 
name  of '*  Permo-CarlK)niferous "  for  this  intermediate  series,  but  if 
this  l>e  not  adopted,  think  it  should  be  placed  with  the  Carboniferous 
rather  than  with  the  Permian. 

In  conclusion,  thoy  state  tliat  there  is  no  unconformability  among 
all  the  rocks  of  Nebraska  and  northeastern  Kansas,  from  the  Coal 
Measures  to  the  top  of  the  most  recent  Cretaceous. 

Mr.  J.  C.  Norwood,*  writing  to  B.  F.  Shumard,  President  of  the  St. 
Ix)uis  Acsulemy  of  Science,  March  31,  1858,  spoke  of  liaving  found  in 
lH55-'56  organisms  now  to  him  in  the  upper  beds  of  the  La  Salle  coal 
lield,  which  he  supposed  to  belong  to  the  true  C<arboniferous  era.  But 
atter  the  announcement  of  the  existence  of  Permian  rocks  in  Kansas 
by  Professor  Swallow  and  Messrs.  Meek  and  Uayden,  he  reviewed 
some  of  these  fossils  found  in  Hui|bau,  La  Salle,  and  Henry  Counties, 
and  became  satisfied  that  the  upper  beds,  at  least,  of  the  La  Salle  rocks 
are  of  the  same  age  as  those  considered  Permian  in  Kansas.  The  beds 
are  composed  of  sandstones,  conglomenites,  magnesian  limestones, 
slates,  and  red  and  blue  gypseous  marls,  all  of  them  resting  unconform' 
ably  on  the  underlying  beds.  Thin  seams  of  coal  also  occur,  showing 
that  if  this  formation  belongs  to  the  Permian  period,  the  great  i>roba- 
bility  is  thjit  the  upper  beds  of  cosil  in  several  sections  of  the  State  are 
of  the  same  age.  A  section  of  the  rocks  at  La  Salle  accompanies  the 
letter. 

In  18G4  M.  Jiiles  Marcon-  wrote  upon  the  section  at  Nebraska  City  and 

*Noiwoo<l,  J.  C:  Di»cov<Ty  of  roniiian  rorkH  .it  L:i  Sullr,  IHinoiii.  St.  Louis  Ai-rtil.  S'-i.,  Trails., 
vol.  1.  186().  p.  11. 'i. 

*Mart;ou.  JuIr>H:  I'liu  reroiinaisAaiico  p'>oIo;:iqiio  an  Xobranka.  Soc.f;CoI.  Fruucc,  I*ii]l.,  2'  nrr.,  vol. 
81,  1864,  pp.  132- U6. 
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vicinity.    He  regarded  the  section  IT  as  renresentiDg  in  America  "la 

B_ 
A 

partio  supi^riGure  da  Dyas  d'Europe."^  Of  the  section  of  the  bluff  at 
Plattesniouth  he  said:  ^^elles  appartiennent  ti  la  partie  inffSrieure  da 
Dyas."* 

In  Missouri  he  reported  islands  of  Carboniferoas  in  the  midst  of  the 
Dyas.  Two  members  of  the  Oyas  were  recognized,  viz,  the  Bothlie- 
g4^mle  and  the  Zechstein. 

In  regard  to  Brachiopods  as  a  means  of  correlation,  he  remarked: 

Les  pliiH  iiiunvais  fosnilos  dont  on  pniscie  so  servir  conimo  fossilea  cbaraot^ridtiques 
dv8  format  iuns,  et  (prou  rdalitd  ils  ne  Boiit  iiiAmo  x^aa  tlu  tout  des  Leitmuschel  *  *  * 
pluH  bus  iiioiiie  daii8  la  tkSrio  (jiio  let)  coraiix.^ 

Had  he  appreciated  better  the  value  of  Brachiopods  in  making  cor- 
relations Ins  conchisious  might  have  been  more  accordant  with  those 
of  otlu^r  gi^ologists. 

Tliis  paper  of  Mr.  Marcou  was  criticised  in  1SG5  by  Mr.  Meek,^  who 
took  issue  with  him  upon  almost  every  i>oint  nuule.  Although  the  dis- 
cussion wiis  of  interest  at  the  time,  its  rehearsal  here  may  be  omitted 
without  loss. 

In  1800  Mr.  Q.  B.  Geinitz  published  his  description  of  the  fossils  col- 
lected by  Mr.  Marcou  from  the  localities  in  Kansas  and  Nebraska  named 
in  the  i)rtpor  above  i-eferred  to.* 

There  are  mentioned  in  the  work  99  species,  2  of  them  plants.  Of 
these,  07  were  found  at  the  typical  Nebraska  City  section,  the  zones  of 
which  were  called,  iVoni  below  upward,  A,  I»,  (.-,  I),  by  Marcou.  Sixty- 
three  of  the  07  species  were  from  the  zoiu*.  C  Twenty-three  species  of 
invertebrates  and  one  ])laiit  from  the  Nebraska  City  section  were 
identified  with  already  described  "  Dyas''  species  of  Euroin?.  The 
author  says:  '*I)iebci  Nebraska-C'ity  vorkoinmenden  A'ersteinerungeu 
gehruMMi  (Mner  Zoncj  an,  welche  den  untcrsten  bis  mittleren  Schichten 
den  (hMUschcn  Zechsteinfonnation  (Oberen  I)>as)  entspricht."*^ 

The  IMattosmoutli  and  Itock  BlulV  sections  were  thought  to  represent 
a  lower  horizon,  the  "  KusulintMikalk  "  or  **  oberen  Kohlenkalk." 

Tlu^  bulk  of  the  work,  pages  1  to  72,  is  (Unvoted  to  the  description  of 
the  fossils  and  their  comparison  with  typical  species  of  the  Carboniferoas 
and  PerFiiian  formations.  Alth^ngh  the  correlations  of  the  author 
w<»re  based  upon  this  paleontoh)gical  study,  it  is  impracticable  here 
to  discuss  the  merits  of  the  identifications  of  species. 

In  the  following  year  (1S07)  Mr.  Meek  made  an  extended  review  of 


'  Mareoii,  tTiilort:  Uuf.  iri.-uiiii»idt«uiJO(.'  ^volo^iqiie  aii  Xi'bi.iHka.     Sm'.  uiol.  Kiaiii'r,  Hull.,  2*»6r.,  vol* 
21,  188  J.  i».  i:{7. 

Mhi.L.  ji.  ]:Jr*  Ml.i.l..  p.  14'*i. 

*  Mt'i'U.  J".  r».:  Ki'innrkflori  thoC^jwbMnifiTmiH  and  ( 'ii'l-ii  i-ous  rork'*  oli  a«<tirn  KiiiiMiiM  nml  Nrbra-tka, 
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*(.';tihtn, In:  nullum  iind  J»yas  iu  Ni-hraska.  vou  \)v.  \l.  U.  Viviuvtr.,  UdO,  vv».  >xii  and  1-Ul.  Tlatrs  I-V. 
*/>//.  at...  p.  H'J. 
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Mr.  Geinitz's  paper.'  As  a  preparation  for  his  criticisms  Mr.  Meelc  had 
thoroaghly  stodied  the  species  obtained  from  the  same  localities^  and 
liefore  completing  the  article  had  gone  over  the  i^pctions  from  which  they 
were  obtained  and  examined  the  stratigraphy  of  the  whole  region  where 
the  rocks  in  question  were  exposed,  from  Iowa  across  Nebraska,  Mis- 
souri, and  £[ansas,  collecting  fresh  materials.  lie  also  had  access  to  the 
numerous  collections  of  the  Smithsonian,  among  which  were  a  consider- 
able number  of  European  Permian  fossils.  He  had  the  advantage  of  Mr. 
Geinitz  in  his  thorough  knowledge  of  the  Carboniferous  marine  fossils  of 
the  Mississippi  Valley,  comprising  the  fauna  with  which  the  fauna  above 
had  to  be  immediately  compared.  With  such  preparation  he  made  a 
careful  and  critical  review  of  the  identification  of  species  and  genera 
made  in  Geinitz's  work.  The  author  differs  respecting  the  identification 
both  of  genera  and  species  from  Geinitz,  and  suggests  as  explanatory 
of  the  unsatisfactory  identifications  made  by  Mr.  Geinitz  that  the  latter 
was  ignorant  of  the  Coal  MeiMure  fossils  of  America,  and  was  there- 
fore not  in  a  position  to  see  the  close  relationship  between  the  faunas 
below  and  those  which  follow.  Mr.  Meek  had  previously  noticed  in 
the  rocks  called  Permian  by  Swallow  a  mingling  of  Coal  Measure  and 
Permian  types,  and  calls  attention  to  the  frequent  alternation  of  beds 
containing  these  two  type^  of  fossils  through  considerable  thickness  of 
Htrata  which  must  be  regarded  as  typical  Upper  Coal  Measures.  He 
also  remarks  that  Mr.  Geinitz  had  only  descriptions  of  si)ecies  already 
described  in  America,  and  had  not  access  to  the  originals.  In  his 
remarks  regarding  two  schools  of  observers  among  paleontologists  and 
zoologists  he  defines  the  two  chis»es  as,  '^  first,  those  who  give  wide 
latitude  to  genera  and  8i)ecies,  and  second,  those  who  restrict  both 
genera  and  species  within  more  precise  limits."  In  commenting  on 
Aninrte  Nehra^tcensk  (p.  179)  he  remarks :  "At  any  rate,  specific  iden- 
tification and  even  generic  references  of  such  shells  can  be  ivdmitted 
only  provisionally  until  the  hinge  and  interior  is  known.^'  On  page 
183,  commenting  on  UfiijiwhoncUa  angulata  Linnseus  of  Geinitz,  he 
writes  : 

I  hopo  I  Bliall  1>e  exensod  for  adding  hero  that  the  practice  of  positively  identify- 
ing; fll>ecios  from  widely  distant  parts  of  the  earth  upon  Huch  merely  HUperficial  points 
of  general  rcH4^nihlanc(\  and  thus  complicating  and  vitiating  all  concliisioiiH  re.spect- 
in^  the  [geographical  and  geological  range  of  HpecieSf  can  not  bo  too  carefully 
avoided. 

The  conclusion  reached  in  this  i)aper  regarding  the  Permian  problem 
is  to  the  eil'ei't  tlnit  the  rocks  in  Ne))raHka  from  which  the  so-called 
Permian  fossils  have  been  obtained  contain  also  a  much  larger  number 
of  chai^acteristic  Coal  Measure  fossils,  and  therefore  that  the  rocjks 
above  the  mouth  of  the  Platte  Kiver  called  by  Marcou  ''  MounUiin 
.»    limestone,"  those  of  Plattsniouth  and  Uock  Bluff  called  "  Lower  Dyas" 


'  Komarkson  I*rufofWor  (ri'init/.'H  v1i.*wh  rfflpectiii;;  tho  Uppor  Rtlnozoii'.  rockn  anil  TtMiilri  of  nnuth- 
eastom^ebriMka.    By  F.  li.  Mt^^k,  Am.  Juiir.  Sci..  2A  nor.,  vol.  44,  lMt7,  \i[f.  170-lKT/lh'l  a^A/^r^ 'ilS^. 
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by  Mareou,  and  by  (reinitz  placed  in  paiVt  in  the  npper  '^  Mountain 
liniostoiio,"  and  in  part  in  the  Upper  Coal  Measures  aud  the''Up|)er 
Dyas "'  rocks  of  Marcou  aud  Goinitz  at  Wyoniinjj^,  Bennett's  Mill,  aud 
Nebraska  City,  with  possibly  the  exception  of  G  and  D  of  the  latter 
))Iace,  belong  to  the  horizon  of  the  Upi>er  Goal  Measures.  O  and  D 
he  thinks  may  be  equivalent  to  the  "Pernio-Garboniferous"  of  the 
Kansiis  section. 

All  throup^h  this  region  the  fossils  of  the  Upi>er  Goal  Measures  are 
found  either  associated  in  the  same  stratum  with  those  of  Permian 
type,  or  in  strata  intercalated  between  beds  holding  the  other  fauna; 
and  the  Goal  Measure  fauna  becomes  by  degrees  less  conspicuous  and 
the  Permian  types  more  dominant  on  passing  upwanl.  Mr.  Meek 
maintains  that  the  critical  study  of  the  fossils  confirms  the  view  pub- 
lished by  Ilayden  and  himself  in  1858  regarding  the  rocks  of  Nebraska 
and  Kansas,  that — 

there  Ih  in  lIiiN  region  a  gra(1n.ilHha<1in^ofl*from  an  Upper  Coal  Moaiinra  to  a  Permian 
fiiiiiia  Miroii^Ii  a  connidiTable  thick neHs  of  8tr:ita  fonning  a  ^40^luwllat  intermodiatv 
group,  Avhich  in  caUed  the  "  IVrino-CarbiMiifcrons  koHi^h  ;"  uIno  then*  ih  no  defined  break 
bf^twcoii  tho  intonncMliatt!  Hericnand  the  P«^rmian  abov«\or  the  Coal  MeasureH  below.' 

lie  further  adds: 

ITiwIer  such  ciicnniHtanecH  it  muHt  be  evident  tliat  all  attempts  to  correlate  partic- 
nhir  nniiii]iortant  bodn  hen'  with  minor  HnbdivisionH  adopU'd  in  Knrope,  where  a  dif* 
ft'rtMit  Htate  of  thingH  obtained,  nniHt  neccHHarily  fail. 

Mr.  Mi^k  recognized  in  his  early  studies  in  the  section  alon^  the 
Kansas  lliver  certain  beds  containing  a  fauna  wliich  he  identified  theiif 
in  1S."»S,  with  the  rerniian,  i.  e.:  Stratum  10  of  the  Cottonwood  section. 
Above  this  were  some  more  or  less  Barren  Measures  of  1(K)  to  2(K)  feet 
thickness,  eontainin*(  ffyi)sum,  followed  by  rocks  of  unmistakable  Cre- 
taceous ncfi\  In  his  early  stu<lieR  the  rocks  immediately  below  this 
unmistakable  Cretaceous  bed  he  had,  in  Cf)njunction  with  Mr.  Ilayden, 
called  ^*  IVrmo-Carboniferous.'"  This  i)apcr  of  1807  which  refers  beds  in 
Nebraska  to  tlu^  Ujjper  ("oal  Measures  evi<leiWly  considered  on I3' these 
'*  PcrrnoC-arboiiiferous ''  rocks  of  his  early  classi  Meat  ion.  The  (piestion 
in  dispute  was  as  to  whether  the  rock  should  be  divided,  making  a  Per- 
mian system  distinctly  separate  from  the  Carboniferous  below.  This 
Meek  positively  objected  to,  his  argjument  bein;;  that  there  was  a  gradual 
miii^lin^  of  the  hi^jjher  faunas  with  the  Tppcr  C'oal  Measure  faunas, 
and  a  jrradual  transitioFi  of  the  deposits  from  the  lower  horizon  to  the 
npper  without  break,  aiul  without  any  marked  (change  in  paleontology 
or  lithoI«>gy. 

Mr.  Marcou,^  in  1SG8,  wrote  that  in  Nebraska  the  '*  Dyas  rocks"  form 
the  blulls  on  the  Missouri  lliver  in  the  (»ounties  of  Xemaha,  Otoe,  ami 
Cass.  The  rocks  ditl'er  from  those  of  the  Carboniferous  u])on  which 
they  r(»st.    Tiiey  consist  of  clays  of  hmI.  nrrt^^d^  and  bine  colors;  of 

'Uniirtik.s  oil  rroffHH«»r  CJrint/'rt  vU»WH  i«M|i('iriii::  til*   rnjur  l*;ilo«i/iiir  links  and   t'oHsilA  of  Honth- 
*.',i-*/r/7i  A"«  hnwli.'i.     ny  F.  It.  MiM'k,   Ain.Joiir.  Sri.,  "d  m.t..  vul.  li,  IsOT.  pji.  ;{:ts  a.J'J. 
'Oil  tlu'  ItytM  in  Xfhr.wka.  by  .Tulns  Marrow.    Si.  l.m\VA  \v  .wL  Sci.,  Timuh.,  \  t»l.  2. 1H68,  ]ip.  r»r»2-5ri4. 
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whitish,  gray,  and  yellowish  limestoues;  of  doloiiiitesy  aud  yellow  and 
gray  saudstones. 

A  section  of  the  Dyas  taken  at  Nebraska  City  is  given. 

The  fossils  collected  were  determined  by  Mr.  Geinitz,  of  Dresden, 
Saxony.  Many  of  them  are  said  to  be  identical  with  species  found  in 
Enrope  in  the  Zechstein  or  Magnesian  limestone,  as  StrpulaplanorbiteSf 
Schizodus  BoHsicuSf  AUorisnia  ekgansy  etc.,  and  the  new  species  are  very 
nearly  alKed  to  Dyassic  species  of  Saxony,  Enssia,  and  England.  The 
author  speaks  also  of  Carboniferous  species,  the  Brachiopods  csx>e 
cially,  which  pass  into  the  Dyas. 

F.  y.  Hayden,  in  a  paper  on  the  Geology  of  Kansas,  reviewing- 
Swallow's  Preliminary  Beport  of  the  Geological  Survey  of  Kansas,^ 
objects  to  Swallow's  statement  that  "  the  lower  Permian  strata  rests 
uuconfonnably  upon  the  upper  Coal  Measures.''  He  questions  the 
accuracy  of  Swallow's  determination  of  species,  in  the  paper  of  1858, 
and  he  states  that  Mr.  Swallow  has  identified  fossils  coming  from  a 
single  stratum  as  equivalent  to  si>ecies  of  the  Carboniferous,  Permian, 
Trias,  aud  Lias,  and  holds  that  the  community  of  genuine  Carbonifer- 
ous fossils  with  those  of  Permian  type  indicates  that  no  break^  such  as 
unconformity  would  presume,  occurs. 

Hayden  remarks  further  that  in  the  few  cases  of  Permian  types 
occuriing  down  in  the  genuine  Coal  Measures  in  Kansas  '^they  appear 
in  particular  layers  similar  to  the  Permian  rocks  in  composition,  and 
alternating  with  the  other  beds  containing  only  carboniferous  fossils, 
much  like  Barrandc's  'Colonies'  in  the  Silurian  rocks  of  Bohemia." 
ilc  remarks  u])0u  the  claims  to  discovery  of  the  Permian  in  Kansas, 
and  defends  Meek,  whose  announcement  of  the  fact  wiis  first  mentioned 
in  the  reconls  of  the  Smithsonian  Institution,  the  date  being  January 
10,  1858. 

Again  Mr.  Swallow,  remarking  on  Meek's  notes  on  the  Geology  of 
Kansas,'  goes  at  some  length  to  sliow  that  he  first  discovereil  and 
published  a^5  a  conclusion  the  fact  that  certain  rocks  were  Permian, 
and  makes  much  point  of  the  fact  that  Meek  claimed  only  that  the 
fossils  sent  by  Major  Elawn  "indicated  the  existence  of  l^ermian 
rocks,"  and  it  is  stated  that  at  the  Baltimore  meeting  Meek  "still- 
doubted  whether  there  really  is  any  Permian  system." 

This  caution  on  the  part  of  Mr.  Meek  shows  that  he  saw  the  true 
state  of  the  discovery,  and  maintained  that  the  presence  of  cerUiin 
fossils  of  Permian  type  did  not  indicate  certainly  that  there  was  a  rep- 
resentative of  the  Permian  system  in  Kansas  and  I^ebraska,  while 
Swallow  had  no  doubt  that  the  fossils  must  indicate  the  ])resence  of 
the  system.  The  fact  is  conspicuous  that  during  this  diHcussion  Mr. 
Meek  speaks  almost  every  time  of  "rocks  containing  fossils  of  Per- 
mian type,"  or  wonls  to  that  effect,  rather  than  "  Permian  rocks," 

» Am.  Jour.  Sri.,  1H67,  2d  ser.,  vol.  44.  pp.  3*2-40. 
*  TraDsi.  Acad.  Sci.,  St.  Louis,  vol.  2,  pp.  507. 
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iiKlicatiiifi:  liis  clear  perception  of  tbe  difference  between  identity  or 
resemblance  of  fossils,  and  absolute  correlation  of  horizon.  It  may 
be  iiot43d  in  passing  that  the  solution  of  this  problem,  as  in  other  differ- 
ent cases,  wsis  by  United  Stiite  geolof^ists ;  the  wide  comparative  meth- 
ods of  Ilayden  and  Meek  led  to  clearer  views  than  those  attained  by 
tlie  local  State  geologists,  Swallow  and  Shumard,  although  the  latter 
had  closer  faniiliarity  with  the  country  and  opportunity  to  get  a  better 
view  of  the  local  facts. 

Swallow  reported  his  section  along  the  south  side  of  Kansas  Biver 
as  follows  (according  to  Meek  and  Ilayden) : 

Ci'ctiicooiiR =  Cretaceous. 

•Triassir  Gyps.  Sh.  Marin,  388  foet =TTriaa«ic. 

l^jiptT  IVriiiiaii,  m  feet =="  So-called  Permian,'' 

Lo\v(.>r  IVniiiaii,  r)(>:$  feet ^^  Pornio-Carbouiteronn. 

CarlK)iiitcrou8 ^^^  Carboniferous. 

Swallow  stated  that  it'  his  lower  Permian  is  not  Permian  there  is  no 
rermian  in  Kansas,  etc.  (p.  521),  and  defended  the  "  unconformability." 
He  stated  tbat  Messrs.  Marcou,  Agassiz,  llecr,  Geinitz,  Shumard, 
Swallow,  Uawii,  D'Archiac  and  others  differ  from  Messrs.  Hayden  and 
Meek  on  the  point  in  question  (p.  522).  The  whole  article  is  contro- 
versial and  adds  little  to  the  settlement  of  the  i^roblem,  but  brings  out 
clearly  the  attitudes  of  the  disputants. 

The  appearance  of  l\^rmian  tj'pes  in  the  midst  of  rocks  in  which  the 
majority  of  the  forms  are  typical  Coal  Measure  forms,  is  taken  by  Meek 
and  Ilayden  as  evidence  of  the  earlier  appearance  of  Permian  types 
in  these  regions  of  America  than  in  those  of  Europe, 

In  tlie  final  re])ort  of  the  Ilayden  survey  of  Nebraska/  Mr.  F.  B. 
Meek  gave  a  description  of  th(»  fauna  and  fully  described  the  correla- 
tions of  the  Permian  in  Nebraska. 

lie  ho]<ls  in  this  paper,  in  opjHisition  to  the  view  of  Geinitz,  tliat  the 
rocks  o\  eastern  Nebraska  do  Fiot  brlon*;  either  to  the  Lower  C^retaeeons 
or  to  the*  Permian.  Tlie  terms  ITpper,  MiddU*,  and  Lower  Coal  Meas- 
ures are  used  to  express  jKirts  of  the  Coal  Measures  not  clearly  divisi- 
ble by  fossils.  He  does  not  use  the  term  '^  Lower  Coal  Measures''  as 
nK^inin^ bel«)W  the  Mountain  limestone."  lie  [U'oi)oses  the  name  "  Platte 
Division  "  for  the  njiper  part  of  the  Coal  Measures  as  exhibited  about 
the  mouth  of  the  Tlatte  Kiver,  at  llellevue,  Plattesmouih,  Koek  lUuff, 
and  Nebraska  City.  This  he  estimates  to  be  two  or  three  hundred  feet 
thick.  His  Division  15  outcrojjs  at  Nebraska  City,  Pennett's  Mill,  and 
AVyominj,^;  Division  (■  at  N(4)raska  City,  and  he  says  that  between  C 
and  1>  there  is  no  paleontologie  or  (H)nstant  litholo«ric  break.  The 
ro<*ks  of  tin'  Hellevue  section  were  refeireil  by  Mar(!ou  to  the  mountain 

•Mirk.  F.  H.  .lii']»iirt  «»ii  tlio  IVilfinrolnnv  «»!"  I!;i^l<rii  Nilna^I..i  \\\ih  "Jm'ih-  it-niarkH  lui  tho  Car- 
liiiiiifrrons  HMKsnt  rlial  ilislii*-!  (pp.  81  L'lih  riM.HtiluiiiiL'  IM.  II  i-r  liiMi  Ktpnit  oftlif  T.  S.  ("iw*!. 
Sjiivi'\  I't  Niliiaslia  tinil  jioitinii-*  nf  \hv  ailjiin-iil  ii  Tiit"ii<"«  maiN'  iir»i!i  r  iln-  (linrlioiiof  tlii>  com- 
iiii><'»ii>n  itt  lln-  (iCMM-ral  Lniui  (»lli(e"  l»y  i\  V.  Havil«'ii,  V.  S.  (uM'-o^i.^t.  \Va.sliiiiKt«»n.  1872. 

^  l\mi.,  p»i;t:  S4. 
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limestoDe  series.  The  Plattesmoath  section  Harcoa  called  New  Bed. 
The  section  at  Bock  Binff  follows  that  of  the  Plattesmoath  section 
from  1,  2j  3,  upward :  this  latter  section  Marcou  had  referred  to  the 
Lower  Dyas  or  New  Bed.  Tfte  Cedar  Blnft  section  the  anthor  correlated 
with  the  part  of  the  Bock  Bluff  section  lying  above  No.  IX.  This  was 
called  ^^  Upper  Permian  "  or  ^^  Dyas  "  by  Harcon  and  Geinitz.  Meek 
thinks  that  both  Marcou  and  Geinitz  determined  the  Dyas,  in  some 
cases  at  least,  on  litbologic  instead  of  paleontologic  grounds. 

Meek  nses  the  names  ^^  Lower  Carboniferous,"  '<  Millstone  grit,"  and 
"  Coal  Measures  ^  to  indicate  the  three  grander  divisions  of  the  Car- 
boniferous System,  with  <^ Permian"  and  "Dyas"  for  the  still  higher 
member.  "  Mountain  limestone  "  is  used  also  for  Lower  Carboniferous. 
The  name  ^'  Permo-Carbouiferous  "  is  applied  by  Haydcn  and  Meek  to 
rocks  in  Kansas,  equivalent  to  Division  C  at  Nebraska  City.  All 
the  other  sections  along  the  Missouri  he  regards  as  certainly  belong- 
ing to  the  Coal  Measures.  In  Kansas,  the  division  between  Permian 
and  Carboniferous  is  arbitrary,  not  founded  on  physical  or  paleonto- 
logic break.  Permian  rocks  in  Kansas  were  first  announced  in  the 
Transactions  of  the  Albany  Institute,  vol.  4, 1858.  Later  investiga- 
tions led  the  authors  to  consider  the  so-called  Permian  as  merely  tran- 
sitional from  the  Upper  Coal  Measures.^  Meek  thinks  that  facts  indi- 
cate that  these  fossils  belong  in  the  Carboniferous  or  Coal  Measures, 
and  that  there  is  no  abrupt  break  between  the  Carboniferous  and 
Permian. 

Mr.  Meek's  Eeview  of  Professor  Geinitz-s  paper,  1867,  and  this 
Nebrsvska  Report  of  187U  practically  closed  the  debate  on  the  Permian 
X)roblem  of  Kanssis  and  Nebraska. 

Mr.  F.  B.  Meek  had  been  for  several  years  associated  with  Mr.  Hay- 
den  in  the  collection,  study,  and  description  of  the  fossilH  of  these  and 
neighboring  Territories.  Messrs.  Swallow,  Shuinard  and  others  had 
examined  and  reported  their  identification  of  fcssils  from  Kansas,  which 
they  defined  as  new  species  or  referred  to  European  species  of  the 
Permian  age.  A  collection  made  by  Mr.  Marcou  had  been  sent  over  to 
Mr.  II.  B.  Geinitz,  of  Dresden,  and  there  figured  and  described  by  him. 
But  Mr.  Meek  had  exnnuned  the  sections  thoroughly  in  connection 
with  Ilayden,  and  had  made  an  exhaustive  study  of  the  fossils,  com- 
paring them  with  European  Hpecimens,  and  studying  fully  the  liteni- 
tiire  of  the  whole  subject.  Ilis  piilcontological  work  exhibits  a  degree 
of  precision  of  observation,  broadness  of  thought,  and  thoroughness 
of  study  sur]>as8iiig  any  of  his  predecessors  in  America,  and  all  com- 
bined with  scrupulous  honesty. 

Leaving  out  of  the  question  the  dispute  as  to  the  real  <liscovcrer  of 
the  Permian,  which  ]>rovoked  considerable  discussion  and,  apparently, 
ill  feeling,  the  Permian  problem  was  more  i)urely  than  any  that  had 


I  Sao  Mcek'H  paper,  Am.  Jniir.  Scl.,  toI.  44,  p.  170  and  p.  331,  in  regard  to  the  inisi(lunt!iicatiuu  of 
Geinits. 
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previously  arisen  in  America  a  paleontological  one.  The  disoovery  of 
Home  fossils  by  F.  Uawn  in  Kansas,  some  of  which  were  sent  to  O.  C. 
SSwallow  among  Garbouiferons  species  for  identification,  and  others  of 
tlie  same  species  among  Cretaceous  forms  to  Mr.  Meek,  led  to  the  dis- 
covery by  both  Swallow  and  Meek  of  their  Permian  character.  Mr. 
Swallow  ax)pears  to  have  made  the  first  ])rinted  announcement  of  the 
<^  Permian  rocks,''  although  Mr.  Meek  had  previously  announced  the 
identification  in  private  letters,  and  a  few  days  later  Messrs.  Meek  and 
llayden  defined  the  same  fossils  as  ''indicating  Permian  rocks"  in 
papers  reiul  at  both  Albany  and  Philadelphia. 

The  fossils  in  question  were  ideatifie<l  and  described  by  Svi*aIloWy 
Geinitz,  and  Meek  separately;  and  the  argument  for  the  presence  of 
the  Permian  system  of  rocks  in  Kansas  and  Nebraska  and  New  Mexico, 
made  by  Swallow  and  seconded  by  Geinitz,  Marcon,  and  others,  was, 
that  in  the  rocks  were  found  a  number  of  species  identical  with  species 
characteristic  of  the  Permian  rocks  of  Kussia,  Germany,  and  England. 

Mr.  Meek,  supported  by  Mr.  llayden  and  others,  maintained  that 
the  rocks  lying  above  unmistakable  upper  Coal  Measure  rocks  in  this 
Territory,  contained  fossils  of  Permian  type,  in  a  few  cases  showing 
]>o.ssible  specific  identity  with  European  Permian  species;  but  that 
there  was  a  gradual  passage,  both  lithological  and  paleontological, 
from  the  Coal  Measures  to  the  beds  containing  these  Permian  tyjies. 
After  obtaining  abundant  material  and  giving  it  exhaustive  study,  Mr. 
Meek  found  the  identifications  of  Swallow,  of  Marcou,  and  of  Geinitz 
unsatisfiictory.  lie  recognized  many  species  of  Permian  tyi>es,  but 
only  a  few  that  lie  was  able  to  regard  as  identical  with  the  Permian 
fossils  of  Kuropc.  In  his  report  of  1872  he  identified  from  the  so-called 
IVniiian  of  the  southwest  seven  genera  which  had  not  hitherto  been 
reported  below  the  Peniiiau  of  Kuro[)e,  but  in  the  same  beds  he  identi- 
fied sixteen  genera  not  otherwise  known  above  the  Carboniferous,  lie 
called  attention,  liowever,  to  the  fact,  that  of  the  seven  genera  several 
are  closely  related  to  fornis  occurring  below ;  secondly,  he  found  several 
of  the  spiM'ies,  which  are  confesse<lly  of  Permian  type,  still  lower  and  in 
association  with  unmistakable  up[)er  Coal  Measure  faunas.  In  his  list 
of  the  species  in  qiu\stion  in  Nebraska,  amounting  to  one  hundred  and 
twenty-two,  only  thirteen  are  naiiu'd  which  have  not  been  discovered 
in  the  Coal  iMeasures  of  some  of  the  other  States.  Besides  this  ming- 
ling of  si>ei'ies  and  genera,  and  their  i)assage  upward  in  such  large 
numbers,  he  found  evidence  neitht*r  of  sudden  change  in  the  lithologic 
character  oi'  the  strata,  nor  of  stratigrai»hic  hreak,  and  his  conclusion 
is,  that  these  nx^ks  belong  to  the  Coal  Measures,  ^*and  that  here  ve 
have  no  abrupt  break  between  the  (■arbonitorous  and  Permifin"  (p. 
Ii53);  '* that  all  these  strata  under  consideration  along  the  Missouri, 
that  have  been  referred  in  )>art  to  tin*  Mountain  limestone,  in  part  to 
the  Pennian  or  Dya^s,  and  in  part  to  the  Coal  Measures,  really  belong 
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to  the  true  Goal  Measures,"  with  the  exception  ttiat  the  Permo-Oarbon- 
iferons  may  be  recognized  in  Bed  O  of  Nebraska  City. 

This  practically  closed  the  debate,  although  it  did  not  solve  the 
Permian  problem.  The  debate  was  ended,  because  the  evidence  was 
X^erfectly  clear  that  the  rocks  and  fituna  referred  to  the  Permian,  were 
separable  from  those  below  by  no  stratigraphio  or  paleontologic  break, 
and  petrographically  only  by  differences  such  as  are  recognized  in  two 
formations  almost  anywhere  in  the  geologic  series.  The  qnestion 
whether  they  be  called  ^^ Permian"  or  ^^Ooal  Measures"  would  be  set- 
tled one  way  by  those  who  considered  it  of  chief  importance  to  estab- 
lish uniformity  in  the  geological  nomenclature  of  America  and  Kussia; 
and  it  would  be  settled  the  other  way  by  those  who  sought  to  establish 
a  natural  classification  of  American  rocks. 

The  appliciition  of  the  name  ^'Permian"  to  these  rocks  was  purely 
artificial,  and  as  was  stated  several  times  during  the  debate,  the  class- 
ification thus  implied  would  not  have  been  thought  of  if  the  rocks  of 
this  region  alone  had  been  considered. 

The  general  question  as  to  whether  the  Permian  shall  be  ranked  as 
a  system  separate  from  the  Carboniferous,  is  still  an  open  one,  and  bids 
fair  to  continue  so  until  a  natural  method  of  classification  for  the  tim^- 
scale  be  devised,  which  shall  be  independent  of  the  lithologic  character 
of  the  rocks. 

The  correlation  of  the  Permian  in  the  Acadian  and  Appalachian 
provinces  is  a  distinct  problem  from  that  in  the  Mississippiau  province. 
In  the  former  plants  enter  into  the  question,  and  as  I  have  previously 
stated  the  correlative  value  of  plants  is  not  attempted  in  the  present 
essay. 

In  chapter  iv  the  Appalachian  representatives  of  the  Permian  are 
considered. 

The  correlations  of  the  Upper  Carboniferous  and  Permian  of  the 
Acadian  province  are  discussed  in  Chapter  xii,  but  a  few  words  may 
here  be  said  regarding  Dr.  J.  W.  Dawson's  correlations  in  the  ^'Acadian 
Geology,"  second  edition,  1868. 

Dr.  Dawson  considered  the  Permian  as  absent  in  the  Acadian  district. 
The  Trias  rests  uuconformably  upon  the  Upper  Carboniferous,  and  the 
author  held  that  the  time  represented  by  the  Permian  in  Europe  was 
a  period  of  disturbance  in  Acadia,  with  land  extending  over  the  greater 
l)art  of  the  region. 

The  limestones  of  Colchester  and  Hants  contain  some  fossils  which 
were  regarded  by  Davidson  as  allied,  if  not  identical  with  Permian 
fossils^  and  Mr.  Meek  suggested  that  these  may  have  constituted  a 
colony,  in  the  Barraudian  sense,  of  Permian  forms  in  the  Carbonifer- 
ous age.  The  author,  however,  thought  the  deposits  undoubtedly  Car- 
boniferous, and  Lower  Carboniferous,  but  that  they  assume  some  of  the 
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modifications  more  oharaofeeriatio  of  the  true  Pennim  ftmiM  off  BoKopow^ 
In  regard  to  the  conditions  of  deposition,  he  Interpreted  the  eeciee  as 
follows:'  Ifarine  limestones  indicate  lowest  depression;  ooalbedewwe 
formed  during  the  greatest  elevation,  and  the  condition  of  MiDBteae 
grit  and  the  newer  ooat  formations  was  intermediate  between  ttiese  two. 
Tidal  currento  were  recognised  in  tiie  Oarboniforons,  catting  oat  chan- 
nels called  ^<  tidal  channels.'^  The  anthor  also  recognized  that  Devoniaa 
and  Silurian  rooks  were  above  the  water  daring  the  deposition  of  the 
rocks  of  the  Goal  Measures  of  N'ova  Scotia^  so  that  tibe  coal  depostts 
are  more  or  less  separated  firom  each  other. 

The  flora  was  regarded  as  identical  thvonghoat ,  tiie  whole  Middle 
Goal  Measures,  and  the  Lower,  Middle,  and  Upper  maj  be  distingoished 
by  their  plants.  Dawson  also  held  that  the  flora  of  tiie  Lower  Goal 
Measures  of  Nova  Scotia  is  wholly  Garbonifbrons,  and  that  the  flon  of 
the  Ghemung,  Tergenti  and  Ponent,  IX  and  X,  of  Lesky,  is  deddedlly 
Devonian. 

The  author  recognised,  not  25,000  fbet  for  Bbva  Scotia  Goal  Meaaoies^ 
but  Logan's  measure  of  16,670  foot  for  the  Joggins,  and  for  the  Middle 
Goal  Measures,  1,000.  He  mentioned  the  foot  that  in  England  it  is  the 
usage  to  apply  the  term  Lower  Goal  Measures  tothe  lower  part  of  what 
he  called  the  Middle  Goal  formation,  that  is,  above  the  MiUstoiie  grit 
Ho  quoted  Geinits  in  identifying  the  divisions  of  the  coal  fbnnati(»is 
by  plants.  His  Lower  Goal  formation  is  the  Lycopodiaceoos  Zone  or 
Gulm  of  Europe;  his  Middle  Goal  formation  is  the  Sigillaria  and  Btig- 
maria  Zone;  the  Upper  Goal  formation  is  the  Zone  of  Galamites  of 
Geiuitz. 

Mr.  0.  A.  White  wrote  iu  1874  that  Dr.  L.  G.  De  Koninck  had  identi- 
fied many  of  the  species  from  the  Goal  Measures  of  Springfield,  Illinois, 
with  Lower  Garbouiforous  species  of  Europe,  and  Geinitz  had  identified 
species  found  in  the  Upper  Qarboniterous  of  Nebraska  as  Permian. 
The  mingling  of  faunas  thus  indicated,  the  author  held,  is  due  to  the 
fact  that  while  the  region  in  which  true  Coal  Measures  were  being 
deposited  were  little  invaded  by  the  seas  duriug  the  whole  Garbonifei^ 
ous  period,  America  was  occupied  in  some  places  by  the  sea,  which  fact 
accounts  for  the  wide  distribution  of  marine  faunas  as  compared  with 
those  of  Europe.  Chronological  development  is  also  proved  by  the 
similarity  of  the  floras  of  the  two  countries,  as  has  been  pointed  out 
by  Dr.  Newberry  and  Mr.  Lesquereux. 

The  next  four  papers  give  additional  information  upon  the  Permian 
and  Permo-Carboniferous  formations  of  Kansas  and  Nebraska/ 

Coal  belonging  to  the  Lower  Coal  Measures  is  found  in  marketable 
quantities  in  Osage  County.  It  is  well  exposed  on  the  southern  side 
of  Neosho  Yalley,  running  through  Miami  County.    Upper  Coal  Meas- 

>  Pp.  288-286. 
»P.  133. 

*r,  125. 

^BroBdbemdt  Q,  0. :  The  Carbonlfexom  Tocka  of  ttwi\;kM«iitoni'KiAMya.    Am.  Joor.  S^i.^  34  aer.,  ISSt^ 
vat  22,  pp.  65-67. 
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nxes  also  occur  west  of  the  Verdigris  Biver,  and  are  soon  covered  by 
Permian  rocks.  The  western  limit  of  the  coal  is  along  the  line  between 
Greenwood  and  Woodson  Counties, 

The  Permian  rocks  are  found  along  a  ridge  running  through  Cowley 
and  Chautauqua  Counties  and  southern  E^ansas,  which  is  known  as 
the  '''Flint  Hills,"  having  an  elevation  of  1,600  feet  above  sea  level. 
The  Permian  rocks  rest  conformably  on  the  Carboniferous,  rendering  it 
difficult  to  draw  any  absolute  line  between  them.  It  is  estimated  that 
the  Permian  has  a  total  thickness  of  1,500  feet  in  southern  Kansas, 
while  the  Upper  Coal  Measures  are  about  500  feet  in  thickness,  con- 
sisting mainly  of  sandstones  and  limestones. 

In  a  second  paper^  the  same  author  further  reported:  The  valley 
traversed  by  the  Neosho  Eiver  is  in  the  lower  part  of  the  Middle  Coal 
Measures,  which 'are  only  productive  in  the  southern  extension,  but 
northwardly,  in  Osage  County,  coal  is  mined  belonging  to  the  Lower 
Measures,  showing  ''an  uplift  of  Lower  [Middle!]  Coal  Measures, 
flanked  to  the  east  and  west,  as  we  proceed  northwardly,  by  the  Upper 
Goal  Measures.'' 

In  Neosho,  Wilson,  Labette,  and  Montgomery  Counties  we  find  sand- 
stones in  even,  flag-like  layers,  50  feet  thick  at  Thayer,  Neosho  County, 
where  coal  is  extensively  worked.  Many  fossil  plants  are  found  in  the 
coal,  including  CalamiteSj  Lepidodendrorij  etc. 

In  Johnson  and  Wyandotte  Counties  limestones  and  calcareous  shale 
beds  of  the  Upper  Coal  Measures  with  molluscan  remains  are  recog* 
uized,  corresponding  with  similar  beds  in  Cass  and  Jackson  Counties,, 
Missouri;  and  at  Eudora,  Douglas  County,  is  found  the  Plattsburg 
limestone  of  Missouri,  containing  many  beautiful  Bryozoans.  Above 
this  is  a  gray  limestone  abounding  in  Syntriela^ma  JiemipUcata,  its  in- 
terior lined  with  clear  crystallized  calcite.  A  little  higher  is  a  lime- 
stone containing  Fusulina  cylindrica. 

The  Productive  Coal  Measures  are  found  in  the  eastern  tier  of  coun- 
ties south  of  Miami  County  and  include  valuable  coal  beds. 

In  Miami  and  Anderson  Counties  the  upper  limestone  is  surmounted 
by  an  oolitic  limestone.  In  Woodson  and  Greenwood  and  the  north- 
east part  of  Elk  Counties  there  are  about  50  feet  of  coarse  brown  sand- 
stone, almost  without  fossils,  with  only  occasional  fragments  of  fucoids 
and  Cordaites. 

In  the  southeast,  near  the  line  of  Cowley  and  Chautauqua  Counties, 
are  the  '•  Flint  Hills,'^  so  called  from  the  numerous  fragments  of  flint 
strewn  over  the  surface.  These  hills  include  the  Permian  rocks  of 
Kansas,  reaching  a  thickness  of  about  500  feet.  A  section  of  the  rocks 
is  given,  showing  19  divisions  of  strata,  the  upper  12  of  which  are  of 
Permian  type,  and  the  remaining  7  belong  to  the  Upper  Coal  Measures. 
Several  of  the  Permian  layers  abound  in  Fusulincu    They  are  mostly 

1  The  Curbouiferoaa  rocka  of  eastern  KiMnsas,  by  G.  C.  BroiMlhea^.    St.  Louis  AciKii  Sol.,  Trans.,  voL 
f  pp.  m-493, 1882. 
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lJine»tonc,  slialy,  magneaian,  or  chorty,  while  the  lower  layei's  are  more 
areuaceous. 

Tlie  highest  coal  scries  is  seen  in  Greenwood  Comity,  its  |>o«tiun 
being  alwut  the  base  of  the  Permian  or  top  of  tlio  true  Upiwr  Coal 
MoaanroB. 

One  tbonsand  five  hundred  feet  of  Permian  beds  in  soathorn  Kansas 
'  are  aasumed.  In  this  region  it  is  the  newest  rock  below  the  Quater- 
nary. It  rests  conformably  on  the  Coal  Measures,  and  there  Is  no 
decided  line  of  separation  between  the  two. 

The  I'ermo-Oarboniferous  was  identified  in  southern  Eansae  by  Mr. 
F.  W.  Cragin,  in  1885.' 

The  most  interesting  feature  of  this  region  is  the  occurrence  of  a  large 
stratum  of  gypsum.  This  is  considered  as  a  Permo-Carbottiforous  de- 
posit. This  horizon  is  entirely  different  from  that  of  the  gy]>8iferous 
deposits  represented  in  Barber  and  eastern  Comanche  Counties,  which 
is  considered  as  Mesozoie. 

In  1886,  commenting  upon  the  Carboniferous  and  Permian  rocks  of 
Hfebraska,  in  the  American  Naturalist,^  L.  E.  Hicks  describes  a  series 
of  limestones  and  marls  iu  Nebraska  evidently  distinct  from  tbe  Coal 
Measures.  They  are  blue,  yellow,  and  buff  in  color,  and  have  a  total 
thickness  of  about  200  feet  The  dip  at  Big  Blue  River  from  Beatrice 
to  Homesville  is  southeast;  at  Indian  Greek  it  is  west.  Of  tbe  123 
8x>ecie8  described  by  Meek  from  the  Coal  Measures,  not  more  than  lU 
or  11  entered  into  tbe  Permian.  The  author  uses  the  term  "  Pennian" 
jprovisionally  for  these  lime.stones  and  marls. 

■Cntgin.F.  W.:  ITolM  Da  the  gtolog}  of  •mthsni  Kuua.  Wuhtnni  Call*(e  I^.  BoIL,  voL  1,UB, 
pp.  gft-ill  and  113. 

■Hloka.  I-E.:  ThePermluln  Nabnwiu.  Am.  N>t..  *dL  K,  leSS,  pp.  gtl-BK;  tbttaet  la  An. 
Ahoo.  Pros.,  ToL  15,  pp.  211,  211. 


CHAPTER   X. 

DEVONIAN  AND  CARBONIFEROUS  CORRELATIONS  IN  THE  WEST- 
ERN AND  NORTHERN  PROVINCES. 

In  the  Bocky  Mountain  region  and  the  western  part  of  the. United 
States  and  in  British  North  America  are  large  tracts  of  territory  which 
have  been  ronghly  surveyed,  and  in  places  with  sufficient  detail  for  the 
correlation  of  the  grand  geological  divisions;  but  in  little  of  this  region 
Lave  the  details  of  either  the  stratigraphy  or  the  paleontology  been 
worked  out  with  sufficient  minuteness  to  permit  of  fuller  correlations  than 
with  the  systems  of  other  parts  of  the  world  or  their  upper  or  lower 
parts  without  precise  reference  to  limits.  Theliterature  concerning  these 
correlations  will  bo  reviewed  chronologically  in  the  present  chapter,  be- 
ginning with  the  Hayden  reports  of  18G8,  prior  to  which  date  little  of 
interosi;  for  this  essay  can  be  gleaned. 

In  18()8,  Mr.  P.  V.  Hayden,  in  the  American  Journal  of  Science,*  gave 
a  brief  report  of  the  results  of  his  examinations  of  the  geology  of  the 
Kocky  Mountains,  in  which  some  generalizations  are  made  based  upon 
his  wide  knowledge  of  the  region.  The  object  of  this  paper  was  to 
show  that  quite  marked  lithological  and  paleontological  changes  occur 
iu  the  rocks  of  the  Eocky  Mountains  as  we  proceed  from  the  north 
soutliward.  The  nucleus  of  the  mountains  at  any  one  point  along  the 
eastern  range  is  composed  of  massive  granite  rocks;  then  follows  a  series 
of  metamorphic  rocks.  Upon  these  the  Silurian  period  is  represented 
by  the  Potsdam  sandstone;  the  Devonian  is  wanting;  then  follow  the 
Carboniferous,  Red  Beds,  Jurassic,  Cretaceous,  Tertiary. 

Tliere  is  no  marked  change  in  the  Tertiary  from  the  North  to  the 
Arkansas  Kiver,  but  many  changes  were  observed  in  the  Cretaceous. 
The  Jurassic  thins  out  to  the  southward,  as  do  the  Red  Beds  or  sup- 
l)osed  Triassic.  In  the  far  north  the  Carboniferous  rocks  are  often  500 
to  1,500  feet  in  thickness,  and  from  500  to  1,000  feet  thick  as  far  south 
iis  the  lied  Buttes,  and  are  quite  distinct  from  the  Red  Beds,  but  the 
latter  prevail  ifarther  soutli.  The  Carboniferous  rocks  become  of  a  red 
arenaceous  character,  with  a  few  layers,  from  two  to  ten  feet  in  thick- 
ness, of  a  whitish  or  yellowish  limestone.  Dr.  Hayden  could  find  no 
break  to  separate  the  Bed  Beds  from  the  Carboniferous,  and  concluded 
they  might  possibly  all  be  of  that  formation.    The  Potsdam  sandstone 


>  Hayden,  F.  V. :  KemarkR  on  the  geolop^ical  fumiatious  along  the  eastern  margins  of  the  Rocky 
MouutaiuB.    Am.  Jour.  Sci.,  vol.  45,  18C8,  pp.  322-326. 
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tliiDs  out  entirely  sonih  of  the  Bed  Battes  on  the  Kotth  Tlatto.'  The 
Garboniferoos  seraied  to  rest  direotlyi  though  not  conftmi«my,  upon 
the  metamorphle  rocks. 

The  condnsions  dift¥m  ftom  the  obeeiv^ttons  made  wen  that  all  tlie 
formations  of  the  west  undergo  more  or  less  change  in  both  their  min- 
eral and  fossil  contents  in  their  extension  toward  tiie  west  tad  aoaCh, 
and  that  the  Potsdam  sandstone  uid  Jurassic  beds  presept  mofe  re- 
markable changes  than  any  of  the  others. 

In  1868  Mr,  F.  B.  Meek  examined  several  lots  of  fossils  eolleetsd  in 
British  America^  some  of  which  he  found  to  be  new;  these  he  deaeribed 
and  fi^^ured.  Others  he  identifled  with  already  known  foasHa,  and  by 
these  correlated  the  formations  in  which  th^  oeeuned  willi  ftnaalimis 
in  other  parts  6f  the  country.  The  localitiea  are  on  13ie  Giearwater 
Biver,  near  its  mouth  into  the  Athabasca ;  on  Laird's  Bivei^i  neer  Fort 
Besolntion ;  on  Slave  Lake,  and  several  localities  along  the  MafikewBie 
Biver  Yalley  to  old  Fort  Good  Hope,  and  one  looalily  on  Pcwoapine 
Biver. 

From  the  study  of  the  fossils  the  following  conclusions  ware  reached: 
That  along  the  Mackensie  Biver  and  its  tributaries,  between  Ae  Giear* 
water  and  the  Arctic  Ocean,  <<  no  Carboniferous  or  characteristio  BUnriaa 
formations  are  seen,"  and  that  there  is  *<  a  continuous  stretch  of  Devo- 
nian rocks,  mainly  of  the  age  of  the  Hamilton  group,  extending,  ftom 
Bock  Island,  HI.,  in  a  northwesterly  direction  to  the  Aretie  Ocean,  a 
distance  in  a  right  line  of  nearly  2,600  geographical  miles.* 

The  great  general  similarity  with  frequent  specific  identitgr  in  the 
faunas  from  the  extreme  ends  of  this  line,  the  author  considers* 
^^  strongly  corroborates  the  generally  accepted  opinion  that  climatic 
conditions,  if  not  uniform  over  the  whole  world,  were  at  least  little,  if 
at  all,  iuHuenced  by  differences  of  latitude  during  paleozoic  epochs."^ 

F.  H.  Bradley  reported  in  1872*  the  discovery  of  a  few  small  trilo- 
bites  of  Quebec  group  age,  in  the  base  of  the  mass  of  limestones  over- 
lying the  central  granites  of  the  Teton  Bange  in  Idaho.  These  lime- 
stones continue  up  to  the  typical  Carboniferous.  The  Quebec  group  is 
about  400  feet  thick,  partly  argillaceous,  blue,  and  mostly  pebbly. 
Above  this  group  are  600  feet  of  a  magnesian  limestone,  drab  to  buff 
color,  which  Bradley  correlated  with  the  "  cliff"  limestone  of  the  Mis- 
sissippi Valley ;  and  over  this  he  found  the  true  Carboniferous. 

In  August,  1872,  Professor  Tenney  ^  found  corals  in  the  Wahsatch 
Mountains,  southeast  of  Salt  Lake  City,  in  a  dark  bluish  limestone, 
nine  or  ten  thousand  feet  above  the  sea.  His  own  opinion  that  the 
corals  were  Devonian  was  confirmed  by  B.  P.  Whitfield,  who  referred 

>  Meek,  B.  F.:  Remarks  on  the  |reolof[y  of  the  ralloy  of  Maekonxie  River,  with  flgores  and  desctiptkiM 
of  fossils,  etc.    Chicago  Acad.  Sci.,  Trans.,  toL  1, 1869,  pp.  61-114,  and  plates. 

'Bradley,  F.H.:  On  Qaebec  and  Carboniferous  rocks  in  the  Teton  Ranji^  Am.  Jour.  ScL,  adsa- 
Ties,  Tot  4. 1872,  pp.  230. 231. 

■Tenney,  Sanbome:  On  Deyonian  fossils  in  the  Wahsatch  Mountains.  Am.  Joar.  Sci.,  8d  aories, 
TOLS,lS73,pp.l99,140. 
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them  to  Zaphrentis  and  Syringoporaj  one  species  of  the  latter  and  two  of 
the  fonner.  They  were  the  fijrst  fossils  of  the  Upper  Helderberg  period 
brought  to  light  from  the  range  of  the  Wahsatch. 

Mr.  James  Bichardson,^  in  1874,  reported  a  few  fossils  from,  and  gave 
a  section,  of  Ballinac  Island,  consisting  mainly  of  epidotic  rocks,  diorite, 
and  reddish  limestones,  carrying  well  preserved  fossils  of  encrinites, 
corals,  and  brachiopods.  He  considered  that  the  ^^  age  of  these  rocks 
is  either  Carboniferous  or  Permian,  most  probably  the  former." 

In  the  third  volume  of  the  report  upon  the  geographical  and  geologi- 
cal explorations  and  survey  west  of  the  100th  meridian,  Mr.  6.  K.  Gil- 
bert reported  identifications  of  sections  made  in  the  cafLons  and  other 
regions  west  of  the  Bocky  Mountains.' 

In  southern  l^evada,  the  rocks  of  the  Spring  Mountain  Eange  consist 
of  fossiliferous  limestones,  with  bands  of  sandstone  of  Carboniferous 
age.  The  strata  seem  to  be  conformable  throughout  the  whole  vertical 
range.  Again,  in  the  Black  Hills,  Arizona,  sedimentary  rocks  of  Car- 
boniferous aspect  were  seen  overlying  a  crystalline  series  similar  to  those 
noted  in  Bowlder  Canon.  In  Arizona  the  plateaus  consist  of  Carbon- 
iferous limestone  (Aubrey  limestone,  Bed  Wall  limestone).  The  adja- 
cent ranges  show  the  Tonto  sandstones.  The  exploration  of  the  Colo- 
rado plateau  system  showed  that  the  rocks  which  compose  it  range 
from  Eocene  Tertiary  to  the  Tonto  group,  which  underlies  the  Carbon- 
iferous rock  of  the  Grand  Canon  of  Colorado.  The  next  bench  below 
that,  named  by  Powell  the  "  Shinarump  Mesa,"  is  capped  by  a  Carbon- 
iferous limestone  extending  from  Paria  Creek  southwest  to  Aubrey 
Valley.  Through  this  section  the  Grand  and  Marble  Cailons  have  cut 
their  way.  After  giving  a  general  topographical  description,  and  at  the 
same  time  referriug  to  the  geologic  age  of  the  rocks  in  general,  the  author 
adds  a  serie4S  of  twenty-one  vertical  sections,  indicating  physical  char- 
acters and  thickness,  together  with  fossil  remains.  These  sections  are 
finally  correlated  in  tabular  forms,  thus  giving  a  view  of  the  whole 
vertical  range.  Of  the  twenty-one  sections  given.  Upper  Carboniferous 
rocks  occur  in  the  following : 

Section  V.  Jacobus  Pool. — The  rocks  consisting  of  massive  sandstones,  alternating 
ivith  gypsiferous  chorty  clay -shale  and  chocolate  shale  and  cherty  limestones,  con- 
taining Froductus  Meekella,  PseudomonotiSf  HemipronitiSf  Aviculopectenf  etc.  Total 
thickness,  3,750  feet. 

Sectiox  VI.  Kanab  Creek, — Physical  character  of  rocks  similar  to  those  of  Section 
V;  additional  fossils  in  cherty  limestone.  Fenestella  (^^)  Spirifera  lineatuSj  OrihUf 
Chonetcs,  etc.     Total  thickness,  4,200  feet. 

Section  VII.  Grand  Canon. — Kocks  similar  to  those  of  Section  VI.  .Total  thick- 
ness, 4,825  feet. 

Section  VIII.  Aubrey  Cliffy  15  miles  southeast  of  Bill  Williams  Mountain,  Arizona. — 
Kocks,  litnostones  and  yellow-red  friahlo  sandstones.    Total  thickness,  2,100  feet. 

1  Richnnlson,  Jamcb :  Report  on  j^cological  explorations  in  British  Colnmbia.  Geol.  Sarvey  CanadA; 
Kt'port  of  Pro^jronH  for  187:i-'74.     1874,  pp.  94-102. 

*  Report  on  tho  f;eolofO'  of  portions  of  Nevada,  Utah,  California,  and  AriEona,  examined  In  the  yeara 
1871  and  1872,  by  G.  K.  Gilbort,  A.  M.,  pp.  17-187  of  report  npon  the  geographical  and  get^ogioal  explora- 
tions and  survey  west  of  the  one  hundredth  meridian.    1875. 
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Section  IX.  Auhreg  Cliff,  at  Canon  Creek,  north  Arieona.— Rocks  eonsiBt  of  alter- 
iiatiiiji^  sandstones,  limestones,  and  shales.    Total  thickness,  2,3iX)  feet. 

Sectiox  X.  Carrizo  Creek,  north  Arizona, — Rocks  consist  of  yellovr  sandstone  and 
dark  gray  fossiliferoiis  limestones.    Total  thickness,  1,420  feet. 

Section  XI.  North  from  and  near  Camp  Apache,  Arizona, — Physical  charaoten  simi- 
lar.   Total  thickness,  2,260  feet. 

Section  XII.  Spring  Mountain,  Nevada.'-ToM  thickness,  2,395  feet. 

Section  XIII.  OpMr  City.— Fossils  numerous.    Thickness,  1,975  feet. 

The  occurrence  of  Lower  Garboniferons  and  Devonian  rooks  is  some- 
what questionable,  except  at  Ophir  City.  The  author  also  reported  the 
discovery  at  the  top  of  the  <^ Aubrey  limestone"  of  a  few  fossils  suggest- 
ing the  Permo-Oarboniferous  of  the  Mississippi  Valley. 

The  Carboniferous  formations  of  northern  Arizona  and  in  the  Grand 
Canon  were  classified  as  follows : 

Feet. 

Aubrey  limestone — Aubrey  Valley,   north  Arizona.... 820 

Aubroy  sandstone— (no  fossils  except  in  an  intercalated  limestone  below  the 

middle — a  few  Coal  Measure  fossils)..... 1,000 

R(ul  Wall  limestone — named  from  the  red  appearance  of  escarpments  in  Grand 

Cafiou 2,500 

The  above  names  were  proposed  by  Mr.  Gilbert  and  Mr.  Marvine. 

The  middle  of  the  Ked  Wall  limestone  furnished  fossils  which  Mr. 
Meek  doubtfully  referred  to  Lower  Carboniferous.  The  upper  portion, 
by  its  fossils,  was  correlated  with  the  Coal  Measures. 

It  is  stated  that  Mr.  Marcou,  in  the  Geology  of  Korth  America,  had 
called  the  Aubrey  limestone  "  Permian/'  the  sandstone  "  Coal  Meas- 
ures," and  the  lied  Wall  limestone  "Carboniferous  limestone  or  Mount- 
ain limestone."  Mr.  Gilbert  referred  to  the  local  character  of  the  sed- 
imentation in  the  Grand  Canon ;  that  75  miles  westward  he  was  unable 
to  correlate  the  series  in  detail.  Mr.  A.  li.  Marvine,  in  the  same  vol- 
ume, reported  the  identification  of  beds  between  the  Black  Mesa  and 
the  Sunset  tanks  as  "  1  Permo-Carboniferous.''  ^ 

Mr.  A.  J.  Brown  reported  in  Pancake  Mountain  a  vein  of  coal  which 
was  regarded  by  the  author  as  probably  the  first  carboniferous  coal 
discovered  tvest  of  the  Rocky  Mountains,  unless  some  of  the  Utah  coals 
belong  to  this  age.  This  vein  is  worked  at  the  north  end  of  this  range 
of  hills,  about  14  miles  west  of  Hamilton.  It  has  a  thickness  of  from 
6  to  G  feet,  with  a  dip  of  40°  to  the  west.^ 

In  1S7G,  Mr.  J.  W.  Powell  presented  a  classification  of  the  sediment- 
ary rocks  of  the  Plateau  Provinces.^ 

In  this  classification  the  Aubrey  grouj)  of  Mr.  Gilbert  is  divided  into 
the  upper  and  the  lower  Aubrey  groujis.  The  upper  Aubrey  group 
consists  of  sandstone  and  clierty  limestone  of  1,000  feet  thickness,  seen 

*  Report  on  the  geology  of  routo  from  St,  George,  Utah,  to  Gila  Kiver,  Arizonii,  oxauiiucd  iu  1871. 
by  A.  R.  Man-ine,  pp.  180-225. 

'  Carboniferous  coal  iu  Nevada,  by  A.  J.  Brown,  Trans.  Am.  Inst.  Mining  Eng.,  vol.  3, 1875.  pp.  31-33. 

'l)ei»artinent  of  the  Interior.  U.  S.  Geol.  and  Geogr.  survey  of  the  Territories,  2d  division.  J.  W. 
Powell,  geologist  in  charge.  Roport  on  the  geology  of  the  eastern  ]»ortion  of  the  Uinta  ;  Mountains 
awl  a  rttfiiou  of  country  adjacent  thereto,  by  J.  W.  Pow<;ll.     W:i.>ihiugtou.    1K7C. 
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along  Marble,  Oataract,  Grand,  Green,  Horseshoe,  and  Split  Mountain 
Canons.  In  its  upper  part  it  is  ^^  Belle  rophon  limestone,"  and  in  its 
lower  part  the  ^^  Tampa  sandstone." 

The  lower  Aubrey  group  consists  of  massive  and  shaly  limestones 
and  sandstones  1,000  feet  in  thickness. 

The  '^  Bed  Wall  group,"  which  is  most  conspicuous  in  the  Grand 
Ganon  and  those  adjacent,  has  a  thickness  of  2,000  feet,  and  consists 
of  two  distinct  members,  the  upper  part  of  massive  saccharoid  lime- 
stones, the  lower  of  indurated  limestones,  very  irregularly  stratified. 
This  division  was  also  recognized  in  the  Uinta  Mountains.  Below  this 
is  a  series  of  sandstones  and  shales,  termed  the  ^*  Lodore  group,"  and 
supposed  by  the  author  to  be  the  equivalent  in  the  Uinta  Mountains 
of  the  Tonto  group  in  the  Grand  Oanon.  It  forms  the  base  of  the  Car- 
boniferous formation,  but  is  considered  by  Mr.  Gilbert  as  probably  of 
Silurian  age.  The  total  thickness  of  the  Carboniferous  series  amounts 
to  4,460  feet.  It  rests  upon  the  ^<  Uinta  group,"  which  is  not  seen  at 
Cataract  Cation,  but  is  well  displayed  in  the  Uinta  Mountains.  This 
formation  in  turn  overlies  uncomformably  the  *'  Ked  Creek  quartzites," 
which  are  believed  to  be  of  Eozoic  age. 

In  his  geological  report  on  the  Santa  F6  Expedition,  J.  S.  iN'ewberry 
reported  Carboniferous,  Permo-Carboniferous,  and  true  Permian.'* 

The  <<  upper  and  lower  Magnesian  limestone  "  of  his  report,  seen  near 
Cottonwood  Creek,  he  correlated  with  C  and  B  of  the  Nebraska  City 
formations,  as  described  by  Marcou  and  Swallow.  His  correlation  was 
substiintially  as  follows  : 

Nebraska  City.    Swallow.  Meek  &  Hayden.    Newberry. 

C.  Upper  Perm.  Permian.  Upper  Magnesian  limestone. 

B.  Lower  Perm.  Permo-Carb.  Lower  Magnesian  limestone. 

At.  Clarence  King^  gave  a  preliminary  account  of  the  results  of  the 
survey  along  the  fortieth  parallel  in  1876. 

The  area  described  in  this  paper  extends  from  the  eastoiru  base  of  the 
Kocky  Mountains  to  the  eastern  boundary  of  California,  along  the 
fortieth  and  forty-first  parallels,  and  is  a  little  over  100  mile»from  north 
to  south.  The  object  of  the  paper  is  '<  to  announce  the  stratigraphical 
divisions  established  in  the  field  and  their  relation  to  the  Paleozoic 
subdivisions  as  established  in  l!^ew  York  and  in  the  Mississippi  Basin." 

In  the  region  of  the  llocky  Mountains  the  entire  Paleozoic  series, 
including  Coal  Measure  beds  and  strata  bearing  Potsdam  fossils,  is 
found  within  a  section  of  from  900  to  1,200  feet  thickness,  the  whole 
entirely  conformable  and  resting  discordantly  upon  the  Arcliean  rocks. 
Going  westward  the  series  expands  from  1,000  to  32,000  feet.  The 
Kocky  Mountain  region  represented  Archean  islands  and  shallows, 
around  and  over  which  sediments  were  deposited,  while  to  the  west- 


*  Keport  of  the  Exploring  Expodition  from  Sauta  F6,  Kow  Mexico,  to  the  junction  of  tho  Grand  and 
Groon  Rivers  of  the  Rteat  Coloratio  of  the  WoHt  in  1850,  under  command  of  Capt.  J.  N.  Mucomh,  4^, 
pp.  9-143.    Map  and  platen.    Waiihinj^n.    1870. 

'Kiog,  Clarouce:  Paleozoic  aubdivi«ionB  on  the  40th  parallel.    Am.  J  out.  ^\.^^  wsv.^n^A.W^'^v^x 
pp.  475-482. 
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ward  the  Paleomdc  ooeui  deepened  orer  a  broad  bttslii,wUdi  jrdUitjy. 
GODtinaed  to  a  gieat  depth  until  it  reached  the  western  dMta^  fa  longl- 
tade  1170  Sfy.  It  is  aslaildngfaetthatnoiuconlbrnify  haslMtaflmad 
in  the  exposotes  studied  between  the  members  of  the  seriesi  frna  the 
Primordial  to  tiie  summit  of  the  Goal  Measofes. 

The  anihor  remarks  that  the  key  to  the  sabdMskm  of  Hm  wb/fHB 
Paleozoio  is  obtained  in  the  Wasatch  Bange,  wher^  he  obaerfad  a 
single  seetion,  of  abont  90,000  feet  thickness,  of  confbnnalile  mdEii  ex- 
tending  from  the  Permo-OarbMiifonHis  strata,  confimnably  imdeiljliig 
the  red  sandstcmes  of  the  Trias,  down  to  low  ezposores  of  the  Oass* 
brian,  and  he  notes  in  their  order,  firom  the  base  of  the  Oarabriaa  up- 
ward, the  important  stratigraphic  divisions,  with  their  positkm  ia  the 
Kew  York  scheme. 

The  lowest  division  of  the  series  is  composed  of  three  pcosiiiMiit 
terranes,  the  lowest  a  series  of  silioeons  schists  and  acgiUiteSy  from 
800  to  1,000  feet  in  thickness;  next  is  a  series  of  qnartsite and qnaartao- 
feldsitic  strata^  with  limited  beds  of  slate  interspersed  through  it^  and 
dark  micaceous  zones  near  the  top,  the  whole  in  Cottonwood  Oallim 
reaching  a  thickness  of  12,000  feet;  the  third  terrane  is  a  nairow  acne 
of  variable  argilliteS,  calcareous  shales,  and  thin,  slightly  sDioeoas 
limestones,  whose  extreme  thickness  is  75  feet.  The  only  fossils  Ibiuid 
in  this  division  occur  in  the  shaly  lone  and  are  of  Primordial  type. 

The  author  includes  the  uppermost  beds  in  the  Potsdam  epooh  of 
the  Primordial  period,  and  considers  the  whole  underlying  oonfbm- 
able  series  as  Cambrian  down  to  the  Arohean.  This  Cambrian  fbrma* 
tion  varies  in  thickness,  not  reaching  an  exposure  of  over  100  feet  at 
the  extreme  east  of  the  field,  while  in  middle  Nevada  the  uppermost 
thin,  shaly  member  of  this  terrane  in  the  Wasatch  Bange  is  an  im- 
mense body  of  dark  limestone,  3,000  feet  in  thickness,  carrying  Primor- 
dial fossils  throaghout.  A  list  of  fossils  obtained  from  the  Cambrian 
series  is  given. 

Above  the  shales  of  the  CaDibrian  is  a  bed  of  limestone,  having  a 
maximum  thickness  of  2,000  feet  in  the  Wasatch,  which  the  author 
calls  the  *'  Ute  limestone,"  and  which  has  yielded  only  fossils  of  the  Quebec 
group.  In  western  Kevada  the  calcareous  shales  of  the  Potsdam  and 
the  Quebec  limestone  have  greatly  thickened,  and  represent  from  4,000 
to  5,000  feet  of  continuous  limestone,  yielding  fossils  of  the  Lower 
Helderberg,  Niagara,  Quebec,  and  Primordial. 

Overlying  the  Ute  limestone  is  a  qnartzite  from  1,000  to  1,500  feet 
thick,  called  by  the  author  the  <^  Ogden  qnartzite,"  from  its  exjiosure 
in  the  Ogden  CaHon }  it  is  seen  in  western  Nevada  between  the  Cpper 
and  liower  Helderberg  horizons,  and  is  included  provisionally  within 
the  Devonian  system,  being  conBidered  as  the  probable  equivalent  of 
the  Schoharie  and  Gauda-galli  grits. 

Next  above  is  the  "Wasatch  limestone,"  reaching  7,000  feet  in  thick- 
neaa  in  the  Wasatch  and  over  8,000  in  middle  Nevada.     Its  lower 
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1,200  or  1,400  feet  belong  to  the  Devonian,  having  fossils  of  the  Upper 
Helderberg  and  Chemung  gronps.  The  fossils  obtained  from  the  Upper 
Helderberg  horizon  are  mentioned,  and  those  also  from  the  npper  mem- 
bers of  the  Devonian.  The  Genesee  and  Ohemnng  fannas  of  the  Wah- 
satch  limestone  are  followed  by  beds  whose  forms  closely  resemble 
those  of  the  Waverly  group,  but  Messrs.  Hall  and  Whitfield  considered 
them  Upper  Devonian.  A  gap  of  barren  limestones  occurs  between  the 
Waverly  and  this  fossiliferous  zone,  so  that  the  thickness  of  the  Wa- 
verly is  not  definitely  known,  but  in  the  Oquirrh  Range  the  combined 
thickness  of  the  Waverly  and  Subcarboniierous  can  not  be  less  than 
1,000  feet.  The  remaining  4,000  feet  of  the  Wahsatch  limestone  con- 
tain at  intervals  beds  with  distinct  Goal  Measure  forms.  The  Wah- 
satch limestone,  therefore,  represents  4,000  to  4,500  feet  of  Goal  Meas- 
ures, 1,000  to  1,200  feet  of  Subcarboniferous  and  Waverly  [Mississip- 
pian],  and  1,000  to  1,400'  feet  of  Devonian. 

Above  the  Wasatch  limestone  is  found  a  bed  of  siliceous  material 
called  the  "  Weber  quartzite,'^  from  its  typical  exposure  in  the  Weber 
Canon.  It  is  about  6,000  feet  in  thickness,  with  a  few  red  sandstones 
at  the  base,  occasional  limited  fine  beds  of  shale  interspersed  at  three 
or  four  different  horizons,  and  varied  by  thin  sheets  of  conglomerate 
and  rounded  quartz  i)ebbles.  It  is  referred  to  the  middle  Goal  Meas- 
ures, though  no  fossils  are  found  in  it  in  this  locality.  Six  thousand 
feet  is  its  minimum  thickness ;  it  reaches  9,000  to  10,000  feet  in  the 
Oquirrh.  The  great  terrane  of  sandstones,  with  intercalated  shales 
and  conglomerates,  forming  the  body  of  the  Uinta  Kange,  is  referred 
to  this  member  of  the  series. 

Overlying  it  is  a  terrane  of  about  2,000  to  2,500  feet  of  limestones, 
chert  beds,  calcareous  and  argillaceous  shales,  and  beds  of  calcareous 
sandstones  and  arenaceous  limestones,  a  very  variable  seiies,  and 
throughout  carrying  Goal  Measure  forms ;  and  above  this  is  another 
variable  terrane  of  argillaceous  and  calcareous  shales  and  mud  rocks, 
with  limited  beds  of  limestone  and  sandstone,  containing  many  ripple 
marks.  It  contains  forms  referred  by  Meek  and  Hall  and  Whitfield  to 
the  Permo-Carboniferous.    Its  maximum  thickness  is  500  feet. 

^^  Aside  from  the  intimation  of  a  local  shallowing  at  the  close  of  the 
Wahsatch  limestone  in  western  Nevada,  the  evidences  are  all  of  deep- 
water  deposits  till  near  the  close  of  the  Upper  Coal  Measure  series, 
when  ripple-marked  shales  make  their  appearance,  and  the  Permian 
depositions  thereafter  seem  all  to  be  of  a  shoal- water  character.''* 

In  the  year  1878  Mr.  Clarence  King's^  first  volume  of  the  U.  S.  Geo- 
logical Exi)loration  of  the  Fortieth  Parallel  was  published. 

*  Tbe  details  of  this  aeries  of  correlations  is  giren  in  Volames  I,  IT,  and  IV  of  the  reports  of  the 
*'  United  States  Geological  Exploration  of  the  40th  parallel,  Clarence  King,  Geologist  in  charge,  Wash- 
ington, 1877  and  1878." 

Vol.  I.  Systematic  Geology,  by  Clarence  King. 

Vol.  II.  Descriptive  Geology,  by  Arnold  llagao  and  S.  F.  Emmons. 

Vol.  IV.  Part  I,  Paleontology,  by  F.  B.  Meek;  Part  11,  Paleontology,  by  James  Hall  and  R.  P.  Whit- 
fl«ld. 

« •«  SjBtswatic  Geology, "  by  ClArence  King,  U.  S.  Geologiat,  WaahVngVm,  1KI%. 
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A  chart  of  ^  PaleoMMe  sabdiTkdons?  Wahmtoh  and  Ifiddla  ITera^" 
te  given  on  page  248,  eiprossiDg  the  nsmemdataKe  ived  aa4  Che  odne- 
lation. 

Above  the  Sihurian  fionnatiatis  tha  aeotfama  We  aa  fltaUovat 

WfthMtoh  iwotion.  MlMfo  Hfraaa  iwlhnu 

'Pianpl«a»fl50  gwi, clfi,«ari% artd  MapwilnBia  .(ihittit) 


CaTboniferons,  15,0D0lbet..  ^ 


1 

Upper  Coal  MtMarw,  lineifama 

•  ■ 

Weber  qnartalte. ...» .... ........  •«•• 

.AJM  iMft 

Wahaatob  limeftona  ••.•• 

..7800  Ibel 

• 

Waverly. 
Deyonian.  2,000  tel «...Ogdea  qnartalte  1,000  Aei 

Fossils  were  ocriniected  from  which  oonelatioiiB  were  madeof  Devoafan, 
indnding  Upper  Helderberg,  Ohemnngi  and  Ctoneeee  horisona  in  <he 
lower  Wahsatch  limestone,  of  Waverly  fonnaa  above^  and  theii  of  Bab^ 
carboniferous  forma  in  the  lower  2,200  fidet  The  nppw  4,500  Ibet  weta 
characterized  by  abnndant  Ooal  Measare  forms.  The  Weber  qoartalte 
separates  the  lower  from  the  npper  Ooal  Heasore  limeatone.  The  upper 
Ooal  Measare  limestone  contains  some  of  the  same  species  seen  in  the 
upper  part  of  the  Wahsatch  limestone,  bnt  over  20  species  wero  named 
that  did  not  occnr  below  the  quartsite.  <'In  the  Wahsatch  and  Uinta 
exposures  a  series  of  argillaceous  and  calcareous  shales,  with  muddy 
marls,  overlying  the  upper  Ooal  Measure  limestones  "  reached  the  thick- 
ness of  650  feet  and  carried  ^<  from  summit  to  base  a  characteristic 
Permo-Oarboniferous  fauna."  ^  The  species  are  Lamellibranchs,  several 
of  them  identical  with  Meek's  species  described  in  the  faunas  of  Ne- 
braska and  Kansas. 

In  1879,  at  a  meeting  of  the  Philosophical  Society  of  Washington, 
Oapt.  0.  E.  Dutton  announced  the  discovery  of  the  Permian  system  in 
southern  Utah.* 

The  discovery  was  made  by  O.  D.  Walcott  of  well  marked  Permian 
fossils  in  the  red  sandstone  beds  at  Kanab,  southern  Utah.  The  beds 
were  known  before,  but  had  not  yielded  fossils.  Heretofore  they  were 
regarded  as  Triassic.  In  the  author's  opinion  this  established  tiie  Per- 
mian age  for  the  lower  part  of  the  red  beds  of  Colorado,  Wyoming,  the 
Uinta  fd[ountaius,  and  New  Mexico,  the  variegated  marls  of  Newberry 
in  Arizona  and  New  Mexico,  and  the  Shiuarump  of  Powell  (pp.  6,  7). 

Mr.  O.  D.  Walcott  published  an  account  of  the  facts  in  1880.^ 

1  Page  245. 

*0n  the  Permian  formation  of  North  America  (abstract),  Washington  Phil.  Soc.  Bull.,  vol.  S>  pp.  87, 
68;  Smithsooian  Misoellaneous  OoUectlon,  vol.20. 

*  The  Permian  and  other  Paleosoio  groapa  of  the  Kanab  Valley,  Arizona.  Am.  Joar.  ScL,  3d  aer.. 
voL  20,  pp.  221-225. 
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The  following  table  exhibits  the  essential  £EMts  of  the  paper : ' 

Shinammp  conglomerate. 

UncoDformity. 

(  Upper  gypBiferons  and  arenaceous  shalee,  marls,  and  limestones.  ..710  feet 
.     J     Unconformity. 

I  Lower,    chiefly   massive   limestoness^'Permo-Carboniferons''   of 

[    Gilbert 145  feet 

Unconformity. 

Upper  Anbrey  limestone 835  feet 

Lower  Anbrey  sandstone 1,455  feet 

KedWall  limestone 970  feet 

Unconformity. 

Devonian,  sandstone  and  impure  limestone 100  feet 

Mr.  G.  M.  Dawson'  in  1879  reported:  "Between  Kamloops  and 
Little  Shuswap  Lake,  on  both  sides  of  the  South  Thompson,  rocks  be- 
longing to  the  Kicola  series,  with  older  rocks  referable  to  the  Cache 
Creek  group,  occur."  The  occurrence  of  Fusulina  in  the  l!^icola  lime- 
stone series  proves  it  to  be  of  Oarboniferous  age.  This  same  fossil, 
along  with  Foraminifera,  named  by  the  author  Loftusia  Columbia^  was 
found  in  the  limestones  of  Marble  Caiion,  situated  in  the  section  be- 
tween Lillovet  and  Bonaparte  Eiver. 

Mr.  Jacob  BolP  in  1880  reported  upon  the  geology  of  Texas,  saying  that 
the  rocks  examined  appear  to  be  of  Permian  age,  judging  by  the  fossil 
contents.  After  giving  a  description  of  their  miueralogical  characters 
he  notes  that  no  coal  deposits  have  yet  been  found  in  the  Permian.  Li 
the  south  of  the  Permian  region  genuine  coal  is  found  belonging  to  the 
Coal  Measures. 

Mr.  0.  D.  Walcott*  in  1880  gave  account  of  his  correlations  in  the 
Kanab  Valley,  Arizona,  as  follows : 

The  Permian  rocks  are  unconformable  with  the  Shinarnmp  Conglomerate,  which 
is  considered  as  the  base  of  the  Mesozoic  group.  Thoy  consist  mainly  of  gypsiferous 
and  arenaceous  shales,  marls,  and  limestones,  710  feet  in  thickness,  called  Upper 
Permian,  and  145  feet  of  Lower  Permian,  consisting  chiefly  of  massive  limestones. 
The  Permo-Carboniferous  of  Mr.  Gilbert  is  the  equivalent  of  the  author's  (L.  P.) 
**  Lower  Permian," 

The  Carboniferous  robks  here  have  a  total  thickness  of  3,260  feet,  and  are  sub- 
divided into  three  parts,  the  Upper  Aubrey  beds  (835  feet),  the  Lower  Aubrey  (1,455 
feet),  and  the  Red  Wall  limestone  (970  feet).  The  latter  consists  mainly  of  red 
sandstones,  calciferous  sandrock,  and  limestones  interstratified  with  layers  of  chert. 

The  Devonian  beds  are  made  up  of  sandstones  and  impure  limestones,  having  a 
thickness  of  100  feet,  and  are  slightly  unconformable  with  the  overlying  rocks. 

Mr.  0.  A.  White,*  during  the*  year  1880,  contributed  two  papers  re- 

*  Am.  Jour.  Sci.,  3d  ser.,  vol.  20,  page  223. 

'  DAwson,  G.  M. :  Keport  on  explorations  in  the  sonthem  portion  of  the  interior  of  British  Colambia. 
Geol.  Surrey  Canada ;  Report  of  Progrw*.  1877-78, 187»,  pp.  1&-1736. 

*  Boll,  Jacob :  Geological  examinations  in  Texas.    Am.  Nat.,  voL  14, 1880,  pp.  884-S86. 

*  Walcott,  C.  D. :  The  Permian  and  other  Paleozoic  groaps  of  the  Kanab  Valley,  Arizona.  Am. 
Jonr.  Sci.,  3d  sen,  vol.  20,  1880,  pp.  221-226. 

*  Remarks  apon  certain  Carb^niferons  fossils  from  Colorado,  Arizona,  Idaho,  Utah,  and  Wyoming, 
and  certain  Cretaceoas  corals  from  Colorado,  together  with  descriptions  of  new  forms,  by  C.  A.  White 
T7.  S.  Geologicaland  Geographical  Snrvey  of  the  Territories,  F.  Y.  Hayden,  BalL  voL  5, 1880,  pp.  209,  221. 

The  subject  of  the  Permian  formation  in  North  America.  (Abstraoi.)  'Wiy^kk\]i|2t»&.'S\;i2i\.^b(y^'^&Q2\«x 
ToL 3, pp.  104-105.    ^yC.A.Whit9, 
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guditi£  these  oondatiooM.  &i  the  flnt  p^iec  he  report*^  the  vomt' 
latioB  of  "  SaboarbonifBroos,  OarboniftEOnai  udl  Fermian'*  b;  thu 
fosmla  examined,  but  he  thinks  "fbere  are  no  tme  PermiaD  strata  in 
Oolorado,  TltBib,  Wromlng,  or  Idaho,  but  may  ba  farther  west."  In 
the  second  papw he  accepted theevldence of  tiiA fliseila  (" BakewclUa," 
etc.)  leported  by  Mr.  Waloott  £rom  Uie  red  beds  above  the  Aubrey 
limestone  aa  proving  them  to  be  "ooerdatiTfla  of  flie  FiRBifaa  of 
Europe."  '*  It  does  not  follow  llut  ttkB  p6riodiirereflbrlot>l7«oeTallB 
the  two  continents.^ 

Hr.  Qilbert,  in  thp  Philosophioal  Soaie^,>  stated  that  **tbe  oootaat 
o£  theae  beds  is  frequently,  and  perhaps  generally,  nn6onfiinDBble  in 
the  vicinity  of  the  locality  where  the  fostils  an  fimnd,  bot  thve  was 
no  SQch  break  BeparatinK  them  from  the  Trias  beds  above.'  And  lb: 
J.  W.  Powell,  dlsonssing  the  same  paper,  remarked  that  **the  stiatt- 
grapbic  eviduioe,  as  well  as  the  fos^ls,  oonflimed  the  ooRdatton  of  tiie 
beds  as  Pemdan  from  the  Oreat  Basin  of  Uinta  and  Azisonft."  Qb 
fosaila  foand  were  substantjally  the  same  as  those  fimnd  by  Ht.  Klag;. 

In  1880  Mr.  B.  T.  Oox*  reported  that  the  rocks  about  Tosaon  ooBtafai 
fossils  of  Devonian,  Snboarboniferons,  and  Ooal  Heasuie  speideB.  The 
,  rocks  are  semiorystalline,  ooaise  grained,  and  easily  deoompoSed. 

The  most  exhaostive  stody  of  t^  Paleozoic. formations  of  the  Qieat 
Basin  province  <f  the  west  was  made  by  Mr.  Arnold  Hagne  in  Hw 
Eureka  distriot,  an  abstiaot  of  the  report  npon  which  was  pnUished 
inl883.> 

All  the  identification  of  fbsails  for  this  report  were  made  by  Mr. 
Oharles  D.  Waloott,  who  prepared  a  report  in  1882  to  go  witJi  Hr. 
Hague's  report,  but  subsequently  enlarged  it,  adding  resnlts  of  his 
study  of' new  collections  and  of  the  sections  themselves,  and  pab- 
Itshed  the  final  results  as  an  exhanstive  memoir  in  1881.* 

This  Eureka  section,  Nevada,  as  reported  by  Mr.  Hagne,  is  30,000 
feet  tliick,  made  op  of  7,700  feet  Cambrian,  6,000  feet  of  Siloriau,  8,000 
feet  of  Devonian,  and  0,300  feet  of  Carboniferoas. 

The  nomenclature  and  classification  adopted  for  the  Upper  Paleozoic 
is  as  follows : 

■ML 

(Upper  Cool  Ueasnres  (limeatone) &00 
Weber  CoDelomwate ^000 
Lower  Coal  Measures  (limeatone) 3,800 
Diamond  Peak  qnartzlte 3,000 

D.v.,d......i™';K.''^' »."• 

)  nevada  limeatone 6,000 

Silarian Loue  HonDtain  limegtone,  etc 1,800 

I ■ipumkandrbODlferon*  aTerieplitbeiT«tt,"(abttnet),bjQ.E.OUbert  WathlnEtaii PblL  Soo. 
BalL,ToLS,pp.li>a-10«. 

•Cai,E.T.;  Tbe6ralag7(if8«Da«iiArii<ma.  Am.NBt.,voL14,18aD,  pp.  H1.M2. 

•AbrtiMt  of  Baport  on  Iha  Beelogj  cf  th«  Kanki.  Dtatriot,  b;  Arnold  Ha^ns.  3d  Ann.  Bapt.  «f 
the  V.  B.  GmL  Sarrc;  for  ISU-'Sl,  U8I,  b;  J.  W.  PovoU,  Director,  pp.  241-2SB. 

•HonoEripbiof  theU.  8.  QeoL  Bnrver. to). Si  U6<.    PaleontoloKyof  UHSurekanUbigibrObMtM 

AaUttif  Wtlattt,  fp.  l-tw,  at.  I-XXIV, 
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The  boandary  line  between  the  Silarian  and  Devonian  is  said  to  be 
arbitrarily  drawn,  as  the  passage  from  the  lower  to  the  upper  limestone 
is  gradual,  ^^  with  poorly  defined  lithological  distinctions,  and  without, 
as  yet,  any  paleontological  evidences  "  for  making  sharp  distinctions.^ 
But  below  the  Lone  Mountain  limestone  (Silurian)  is  a  plane  of  uncon- 
formity. 

The  Nevada  limestone,  although  so  thick  (6,000  feet),  offers  no  litho- 
logic  or  paleontologic  evidence  by  which  to  divide  it  sharply  into  sub- 
divisions. The  fauna  is  rich  and  often  well  preserved,  and  contains 
species  of  the  Upper  Helderberg,  Hamilton,  and  Chemung  formations 
of  New  York.  While  there  is  recognized  a  lower  and  upper  fauna, 
many  of  the  species  show  a  remarkable  range,  and  some  of  them  ^^  have 
reversed  their  relative  positions  in  the  group  as  they  have  been  known 
heretofore.  Among  the  Brachiopods  Orthis  tulliensiSj  of  the  Tully 
limestone  of  New  York  State,  is  found  at  the  summit  of  the  Devonian 
limestone,  and  Orthia  impressay  a  Ohemuug  species  of  New  York,  at  the 
base,  associated  with  eastern  Upper  Helderberg  limestone  species."' 

The  White  Pine  shale,  in  the  White  Pine  district,  carries  a  fauna 
which  combines  species  ranging  from  Middle  Devonian  to  Lower  Car- 
boniferous in  the  east.  The  Devonian  fauna  described  contains  102 
genera  and  225  species,  and  94  genera  and  79  species  of  these  are  iden- 
tified as  common  to  Nevada  and  New  York.  Two  species  described 
from  the  Mackenzie  Biver  Basin  were  identified  among  the  Eureka 
Devonian  fossils.  The  Carboniferous  age  of  the  Diamond  Peak  Quartz- 
ite  is  determined  by  the  occurrence  of  a  Carboniferous  Producttis  in  an 
intercalated  limestone  stratum  500  feet  from  its  base.  The  lower  lime- 
stone contains  evidence  of  proximity  of  land  in  the  presence  of  frag- 
ments of  plants  and  pulmoniferous  mollusks,  but  the  fossils  throughout 
the  carboniferous  deposits  of  Nevada  are  of  marine  species,  and  no 
beds  of  coal  occur  in  them.  The  whole  series  of  formations  of  the 
upper  Paleozoic  presents  strong  contrast  to  anything  seen  in  the  east- 
ern part  of  the  continent,  and  the  stratigraphy  as  well  as  the  paleon- 
tology furnishes  striking  example  of  the  unreasonableness  of  attemx)ts 
to  unify  the  geologic  classificationarof  the  world. 

Mr.  T.  B.  Comstock  ^  in  1883  reported  on  the  rocks  of  San  Juan 
County,  Colorado. 

The  Devonian  rocks  of  this  region  are  "  exposed  near  the  summit  of 
the  divide  between  Bear  Creek  and  Cascade  Creek  and  along  a  line 
running  parallelwise  with  the  Animas  Canon,  forming  the  clifi's  along 
the  side  of  Lime  Creek.''  The  outcrop  occurs  again  at  Silverton  and 
near  the  head  of  Cunningham  Gulch.  Although  the  Devonian  is  not 
sharply  distinguished  from  the  rocks  below,  the  fossils  in  the  upper 
part  of  the  limestone  point  definitely  to  a  Devonian  horizon. 

*  Abatract  of  report,  etc.,  p.  265. 
s  WalcoU:  Paleontology  of  the  Eareka  Diatriot,  p.  4. 

*Coin8took,T.B.:  Notes  on  the  Geology  and  Mineralogy  of  San  Juw  Coooty,  Color«clQ.    Xra99« 
▲mer.  Inat  Min.  Eng.,  vol.  17, 1833,  pp.  196-191. 
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Tbe  OarbonifwoBS  zoeki  ooonr  mainly  in  the  soathnresterti  part,  along 
Lime  and  Oawade  OnekB  and  b»Dch(»  of  Mineral  Greek.  Tfa««o  be- 
lonff  to  th«  Linru  Oarboulbrmu,  and  consist  of  ar^llaceonii,  arvuii- 
oeous,  and  oaloareoiu  bed*,  haviDg  a.  tblckneos  of  some  1,'^(H)  feet,  wbil« 
those  of  tbe  Upper  OaclxHilftroni  are  m  aile  up  of  red  enudstones,  3,000 
feet  in  thioknesi. 

Mr.  0.  D.  Waleott^  reported  ideiitinciUioiis  in  the  Qraml  Canon  as 
follows : 

In  the  Qrand  OaBon  of  Ooloradb  is  found  the  Red  Wall  limestone  of 
OilbertfonninKthehaseoftheObrbouifei'ousBerieei,  »n<l  at  tbe  moutli 
of  the  Kanab  0  alioo  about  1,000  feet  of  tbe  Lomr  Antn^  Mudanw 
are  well  exhibited.  ETidenees  of  Deronian  rooka  wan  noted  lartJag 
npon  tbe  Tonto  gzonp  (Oamlnlan),  bnt  in  atme  plaaaa  Otej  vet*  act 
recognized  at  idl,  and  where  they  were  leen  they  did  not  ssoeBd  100 
feet  in  thioknen. 

Mr.  Frank  Springer*  reported  that  Burlington  geologtoti,  eoatniy 
to  the  ideas  of  others,  have  been  inoUned  to  divide  the  BorltaistBa  Iter 
stone  into  two  parts  npon  paleontologfoal  evtdenoe.    Thla  view  it  lh^,  p 
ther  demonstrated  by  finding  a  similar  oooanenoe  is  Lake  Ydief  ' ' 
mining  distriot  in  ITew  Hexioo,  thus  showing  its  extended  iaiig& 

Mr.  A.  G.  Peale*  in  18S5  placed  on  reoord  the  flirt  pontiveidenttflM- 
tiou  of  Devonian  strata  in  the  Booky  Mountain  regim  €f  Mbotan^ 
Fossils  were  oolieoted  by  the  HaydenBorveyin  1872fromaevuallioaBll- 
ties  in  the  Territory  which  Mr.  Meek  found  to  have  a  Devonian  aqteet, 
but  he  regarded  them  as  belonging  to  the  Lower  Oarbonlfbrona,  as  tb^ 
contained  no  strictly  Devonian  types  of  corals,  crinoids,  or  lamdli- 
brancbs.  The  author  visiting  tbe  region  in  1884,  in  company  witii  Dr. 
Haydeu,  obtained  a  collection  of  fossils  wbich  he  submitted  to  Mr. 
Charles  D.  Walcott,*  who  identified  them  as  nndonbtedly  X>evonian. 

Mr.  Walcott  says : 

Of  the  tirenty- three  spociea  of  fosaila  giveD  <n  listi  1  and  3,  twelve  ftre  id«otietd 
with  Rpecioa  oooQiriDK  in  the  Cpper  Devonian  of  the  Bnnka  district,  Nevada.  Of 
the  otliera,  two  ore  Upper  Devouiui  apeoiea  in  New  Yocfc  State,  and  Atk^rU  Mnsto 
oc«iiiB  at  the  ba«o  of  the  Carboniferous  in  tbe  Enreka  district. 

The  remaining  forms  resemble  closely  those  of  the  Lower  Carbon- 
iferous of  tbe  Eureka  district. 
Mr.  A.  McCharles'  gave  account  in  1887,  of  the  occurrence  of  Devo- 

■WalcnU.ChmrlaiiD.:  Pre-CarboDUaroDs  itnU  in  th*  Gnind  CaHoD  of  Uie  Colondo,  Atiiona.  Am 
Jdut.  Sol.,  3d  ler..  vol.  IS,  1RB3,  pp.  437-UZ,  IH. 

•SpriUKW,  Fnnk:  On  the  oooocrenM  of  the  lovor  BarllaKton  IlmHtrae  In  Hew  Hailao.  As. 
Jont.  BcL.  M  «r.,  toI.  S7.  ISM,  pp.  OT-IM . 

•Pvle.  i..C.-.  Devootiw  atnu  in  Montana.    SrlMice.m.S.lSH.p.MD. 

•TwolUMof  thofOMllsprepurcd  by  him  are»[lveD,  inolndlox  In  the  flnt,  nitrino  tosUn*  Hrt  Bl. 
8lTtpttrh]inthui  chemungiTuii  Canrid,  OrUtit  ranuzemf  (I)  IIMI  (I),  CAorutxi  tKueranata  Hall,  A*- 
Oiwtul  iptnanii,  Spiriftra  ititiunela,  alo.,  and  In  Ibeeorjjnd  are  fitrepEorAyncAiu  iltniMinynwi*  Connl, 
XJtytuhsiuUa  noTtfordii  Ilal]  (I),  ola. 

•  McCharlM.  A. ;  The  fooUtepe  of  time  In  the  Bad  Klyer  Vnlley,  with  apeoial  rvferenet  to  the  nH 
■prlns  iDd  floirlnK  ireUa  (o  be  fonad  in  It.  Mknluba  IllsL  and  Sol.  Sea.,  Trang.,  Xo.  Z7,  1M7,  ■.  II. 
DtBoHption  ot  Dooaireiuie  of  Anheau,  OrdovlelBD,  eiluiUa,  Uevealao.  Cnlweoaa,  ■««  i^iiatMiMj 
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niao  and  otlier  Paleosoio  formations  in  the  valley  of  the  Bed  Biver, 
British  America.  In  the  western  part  of  the  Bed  Biver  Talley  occurs 
a  narrow  belt  of  Devonian  rocks,  bat  their  exact  extent  is  not  yet 
known.  Devonian  fossils  belonging  to  the  lower  part  of  the  system 
were  fonud  in  river  bowlders,  piobablj  iraDSported  from  a  distance  by 
ioe. 

BoU.  80 U 


OnAPTBB    XI. 

THE  ACADIAN  PROVINCE  :  THE  CORRELATIONS  AND  CLASSIFI- 
CATIONS OF  THE  UPPER  PALEOZOIC  FORMATIONS  IN  THE 
ACADIAN  PROVINCE. 

The  name  «« Acadian  province"  is  applied  geologically  to  tho  territory 
including  the  New  England  StatcH,  and  the  maritime  provinces  of 
Canada,  i.  e.,  Nova  Scotia,  New  Brunswick,  Gape  Breton,  and  Prince 
Edward  Island.  Although  at  certain  periods  of  geological  time  this 
region  was  little  other  than  the  northern  extension  of  the  great  Appa- 
lachian province,  it  may  be  considei*ed  as  distinct  during  the  Devonian 
and  Carboniferous  ages.  Its  western  limit  may  be  arbitrarily  fixed  as 
the  Green  Mountains  and  the  elevated  hills  just  east  of  the  Hudson 
Kiver.  The  name  is  an  adaptation  of  Sir  William  Dawson's  term 
'^Acadia."  ^  The  rocks  under  consideration  find  their  typical  represen- 
tation in  the  region  described  in  the  "Acadian  Geology.^ 

The  Carboniferous  and  Devonian  systems  are  both  represented  in 
this  region  by  extensive  deposits.  The  author  had  devoted  ninch 
time  to  a  personal  examination  of  the  formations  and  had  made  a 
tsiiecial  study  of  the  plant  remains.  The  second  edition  presents  some 
slight  modification  of  the  first  in  the  classification.  The  clasisifica- 
tion  is  an  expression  of  the  general  features  of  the  Upper  Paleozoic  for 
this  part  of  tlie  continent  at  the  time  when  it  was  written  (18(»8).  In 
chni)ter  X  find  the  following  chapters,  beginning  at  i)age  128,  the 
classilieation  and  description  of  the  Carboniferous  system  are  given: 

a.  V^ppor  cnal  foniwitioii,  3,0i)0  -j-  tev.U 
h.  Middli^  coal  formation,  4,000  feet. 

c.  MillHtoiu^  *rr\t  M-ries,  r),000  to  (),(W'^^  f^'<*t« 

d.  Luwrr  Carl)oiiifi;roiitt  marine  formation  or  Carlioniferons  limestone,  variable  in 

tliiekness,  eliaracterizcd  by  marine  invcrleluafcs  ( rrodiirtuH  corOf  P.  fttmiretivH- 
Intus,  etc.,  with  associated  1)(mIh  of  ^ypsnm  and  marls,  and  in  hoiuc  distriutn 
entirely  n^])ri\MiMited  l»y  eon;;lomt;ratrH. 
c.  IjOWit  C'oal  Measnres,  holdin;^  somt^  of  tlie  Mora  and  fauna  of  the  niiddlo  coal 
formation,  but  no  ]»rodm.'live  (roal  IkmIs:  llora  dilferin^j;  from  that  below  iu  tho 
l>evonian,  npon  which  it  lies  nnconforiri;»l.)ly. 

These  last  two  divisions,  *'e^  and  ''f/,-'  are  considered  as  representing 
the  Lower  Carboniferous  or  "Subearboniferous"  of  the  western  geolo- 
gists.^ 


>  Acndi:in  ;i«'i»lo2;y  :  Tlio  ^oolosicalntnictun*,  ornanio  rnnains.  siml  niiiuTul  rosourci'R  of  Niiv*  Scotia. 
"Sityr  ]lnIIlH^\i^k,  uud  Priuco  Edward  I:ilaud,  by  John  William  Daw.iou,   etc.    lat  edition  1856,  *J(1 
editinu  J.'Oi*. 
'I*age  131. 
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The  top  of  this  series  is  followed  by  the  Triassic,  resting  nnoomform- 
ably  npon  it' 

No  PennlaD  formations  were  known  to  the  author,  unless  possibly 
the  <*  upper  ooal  formation  may  synchronize  with  the  Permian  of 
Burope^  or  <^  unless  represented  by  the  lower  part  of  the  sandstones  of 
Prince  Edward  Island.*' ' 

Below  the  Carboniferous  the  following  series  of  rocks  of  the  Devonian 
system  are  reported  fh)m  near  St.  John,  New  Brunswick :' 

Feet 

MJspook  group— Shales,  sandstones,  and  conglomerates 1, 850 

Little  Eiver  gronp — Upper  part,  conglomerates,  sandstones,  grits,  and  shales. ..  2, 350 
Little  Kiver  group— Middle  and  lower  part,  inolading  the  Cordaite  shales  in 

part  and  the  Dadaxylon  sandstone,  shales,  sandstones,  and  Hags 2,800 

Bloomsbnry  group— Conglomerates,  tuffaoeous   rooks,   and   sandstones   and 

shales 2,500 

The  upper  part  of  the  Devonian,  correlated  with  the  Chemung  and 
PortAge  of  New  York,  is  reported  in  the  *'  Gasi>^  sandstones''  of  eastern 
Canada.  The  typical  section  of  the  Carboniferous  for  this  province  is 
the  famous  South  Joggins  section  along  the  coast  of  western  Cumber- 
land. It  was  measured  and  tabulated  by  Sir  W.  E.  Logan  in  1845 ; 
was  examined  and  further  reported  bj  Lyell  and  Dawson  in  1852  and 
1853.  Mr.  Logan  estimated  the  total  thickness  at  14,570  feet  11  inches. 
Mr.  Dawson  quotes  it  (pp.  156,  et  seq.)  in  detail.  An  abstract  of  the  sec- 
tion is  as  follows : 

Feet 

Division  1.  Upper  ooal  formation 1,617 

2.  Upper  coal,  lower  part H50 

3.  Middle  ooal  formation,  npper  part,  including  23  coal  groups 2,134 

4.  Middle  coal,  lower  part,  with  49  coal  groups 2,539 

5.  Upper  Millstone  grit  scries 2,082 

6.  Middle  Millstone  grit  series 3,240 

7.  Lower  Millstone  grit  scries 650 

8.  Upper  part.  Lower  Carboniferous  formation 1, 658 

Immediately  under  these  are  beds  of  the  marine  limestone,  containing 
Productus  corUy  etc.  This  correlation  of  the  section  is  Mr.  Dawson's. 
In  an  article  read  before  the  Philosophical  Society  in  Philadelphia  Mr. 
J.  P.  Lesley,  having  examined  the  coal  field  of  Glace  Bay,  objected  to 
the  great  thickness  and  to  the  correlation  of  the  lower  measures  claimed 
by  Mr.  Dawson.^  Mr.  Lesley,  chiefly  upon  lithologic  grounds,  urged 
that  division  5  of  the  Joggins  section  is  to  be  compared  with  the  Lower 
Carboniferous  on  Vespertine  No.  XI  of  Pennsylvania,  and  that  the 
deposits  below  (0,  7  and  8)  would  be  Devonian.  Mr.  Dawson  replied, 
and  the  substance  of  the  debate  is  quoted  in  this  volume,^  claiming 
paleontologic  evidence  for  his  interpretation  and,  further,  that  the 
plants  of  the  "  Chemung  of  New  York,  of  the  Vergent  and  Ponent  of 
Pennsylvania  are  decidedly  Devonian." 

1  Aculian  Geology,  2d  ed.,  p.  128. 

>Ibia.,  pp.  19.  126. 

•Ibid.,  pp.  503,  504. 

« Proc.  Am.  Phil.  8oc.,  Phila.,  1882. 

•Acadian  Geology,  2d  edition,  pp.  U2-\\^. 
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The  correlations  of  the  Oarbouiferous  and  Devonian  depoats  of  this 
Acadian  province  are  based  so  greatly  ui>on  the  evidence  of  plaatsB 
that  I  will  not  here  attempt  to  discuss  the  merits  of  the  arguments,  as 
the  whole  subject  of  the  valne  of  fossil  plants  as  means  of  conelatioa 
is  being  considered  by  an  expert  paleobotanist.  There  are  saflBcient 
evidences  of  marine  fossils  to  make  clear  that  the  base  of  the  great 
series  of  arenaceous  de]>osits  overlying  the  Silurian  in  the  Northeast  is 
of  Lower  Devonian  age  and  that  the  massive  beds  of  limestone  under- 
lying the  Coal  Measures  are  Lower  Oarbouiferous  in  age.  The  details 
are  cliiofly  matters  of  classification  within  the  Acadian  provincei  and 
in  any  correlations  that  are  made  the  fossil  plant  remains  must  be  the 
chief  witnesses. 

As  in  the  development  of  the  geology  of  the  Mississippian  province, 
so  in  the  development  of  that  iu  the  Acadian  i)rovince,  the  coal  beds 
were  the  iruides  to  the  general  correlation,  and  the  details  were  elabo- 
rated by  degrees  as  tlie  formations  were  studied. 

In  the  following  pages  I  have  arranged  in  chronologio  order  brief 
abstracts  of  the  results  as  they  have  been  published,  beginning  with 
the  year  1843,  the  few  papers  bearing  upon  this  particular  province 
prior  to  that  date  having  been  reviewed  in  the  pages  of  the  first  chapter 
of  this  essay.  * 

In  the  year  1843  there  appeared  in  the  Quarterly  Journal  of  the 
Geological  Society,  vol.  1,  two  articles  on  the  geology  of  Nova  Scotia 
and  neighborhood,  the  iirst  by  Richard  Brown.'  in  this  paper  the 
following  formations  were  recognized :  Coal  Measures,  Millstone  grit, 
Mountain  limestone,  and  the  "Gypseous  series.^  The  latter  were 
identified  as  occurring  below  the  Carboniferous  or  Coal  Measures. 
The  second  article  is  by  J.  W.  Dawson, '  and  it  has  maps  and  sections 
and  a  doscriptiou  of  the  geological  characters  of  the  rocks.  The  Gyp- 
seous formation  is  referred  to  the  Lower  Carboniferous.  Above  them 
the  author  reported  newer  coal  formations,  and  in  the  Ked  sandstone 
of  Truro  he  reported  another  terrane,  which  was  considered  as  "newer 
than  any  part  of  the  coal  formation.-' 

In  1841  LyelP  iu  a  short  paper  announced  his  opinion  that  these  beds 
belong  to  the  Carboniferous  system. 

In  1815  Dawson  communicated  a  paper''  to  the  Geological  Society  of 
Loudon  regarding  the  geology  of  Nova  Scotia.  In  this  paper  the  Car- 
boniferous and  Devonian  formations  are  defined. 

On  East  River,  Pietou,  occurs  a  series  of  Carboniferous  rocks  having 


•In  the  pn'i^aratioii  of  tluM«  uhMtnu-tb  I  li:iv«-  Ih-i-h  a-sihtnl  liy  Mr.  V.  F.  ^Iart*trr8.  a  Kilkduatc  of 
Acailia  Collict'  an<J  uo\*  iii.««trm.'tor  in  j;(()Io'^y  at  (.'oriii-ll  liiiNtT.Hii  y,  wh(l»«^  aiitiiii<tuuoe  is  hereby 
Acknuwlfd);«ul. 

»  The  Geoloiry  of  Cain-  r>rcton,  jip.  2:m'G  ami  2n7_2I3.  uoioini.;iiii(«l  hy  a  un\\). 

*Tho  T*ower  CarboniftTouei  KoikM  or  Ciyi)8«!oiis  F«>rinarioii  of  Nfva  S«  of  ia.  }.ii.  -JO  36. 

*0n  the  probable  ago  ami  nriein  of  n  bed  of  plutubai:"  nnl  aiitlir.witt  ofOJirriiig  in  Tnica-scbiata 
nenr  W«»rof»ter,  Mad8achiitM>tt«.    Am.  Jour.  Sol.,  vol.  47.  \\]>.  'J14.  'J15. 

•On  the  newer  n)al  fonnation.s  of  the  eastern  part  of  Nova  Soothi.  By  Dr.  J.  W.  l>aw«on.  Qoar. 
Jour.  Gcol.  Soc,  vol.  1,  pp.  322-330. 


WILLIAM*.]  J.  W.  DAWSON,  CHARLES   L7ELL.  229 

a  thickness  of  some  5,000  feet  and  forming  the  <^  older  ooal  formation." 
Above  it  is  a  coarse  Oonglomerate,  which  is  in  tnrn  followed  by  the 
''newer  coal  formation."  This  Conglomerate  bccnrs  at  New  Oiasgow, 
where  it  dips  to  the  north  on  West  Kiver,  and  at  Mengonish  Harbor. 
Above  the  Conglomerate  occnrs  a  gray  fossiliferons  limestone,  followed 
by  a  small  bed  of  coal,  whoso  outcrop  can  be  traced  parallel  with  that 
of  the  Conglomerate  at  Mengonish,  having  a  dip  of  25^.  Bed  sand- 
stones are  prominent  in  the  lower  imrt  and  gray  sandstones  in  the 
upper  part  of  this  series.  Fossilized  wood  is  abundant,  consisting 
chiefly  of  Catamites  and  Lepidodefidra.  In  Bogers's  Hill  occnrs  a  Con- 
glomerate apparently  identical  with  the  New  Glasgow  deposit.  This  is 
followed  by  reddish  sandstones  and  shales. 

The  author  gives  a  coast  section  of  the  newer  coal  formation  from 
Cape  John,  consisting  of  reddish  sandstones  and  shale  with  gray  beds 
and  limestones  containing  ferns,  etc.,  and  associated  with  conglomer- 
ates and  gypsum.  A  section  is  given  of  French  Biver  at  Tatmagouche 
(G^  miles),  showing  the  relation  of  the  newer  coal  formation  to  rocks 
bearing  scales  of  Holoptychim^  probably  of  Devonian  age.  This  se- 
ries is  seamed  by  Trappean  rocks. 

The  newer  series  of  the  coal  formation  was  formerly  considered  as 
part  of  the  ''  New  Bed  sandstone,"  and  as  including  also  part  of  the 
gypsiferous  deposits  and  the  nonfossiliferous  red  sandstone  on  the 
shores  of  the  Bay  of  Fundy. 

The  author  also  adds  a  section  showing  the  contact  of  the  Carbonif- 
erous rocks  with  the  Silurian  rocks  at  Maccara's  Brook.  Their  separa- 
tion is  well  shown  by  the  unconformable  superposition  of  the  Carbon- 
iferous series.  This  section  is  also  considerably  disturbed  by  intrusive 
rocks. 

In  the  American  Journal  of  Science^  Charles  Lyell  gave  an  account 
of  "The  Coal  Formation  of  Nova  Scotia,  etc."  In  regard  to  its  posi- 
tion, he  considered  it  the  equivalent  of  the  Carboniferous,  but  as  lying 
below  the  productive  Coal  Measures.  The  general  rocks  consist  of  red 
sandstone,  red  marl,  with  subordinate  beds  of  gypsum  and  marine 
limestone,  and  occa  sionally  coal  grits  and  shales  with  thin  seams  of 
coal. 

Mr.  LyelF  in  18-45  discussed  the  Devonian  and  Carboniferous  systems. 

The  Hamilton  group  (7),  which  the  author  considered  as  concluding 
the  Silurian  series  of  North  America,  ranges  chiefly  along  the  eastern 
and  southeastern  flanks  of  the  Alleghanies,  while  the  Devonian  and 
Carboniferous  series  appear  farther  west.  The  Devonian  rocks  of 
North  America  the  author  considered  as  tbe  equivalent  of  the  Old  Bed 
sandstone  series  of  North  Britain  and  Herefordshire. 

The  coal  flelds  of  tbe  United  States,  consisting  of  the  Appalachian, 

»  Vol.  45,  pp.  350  359. 

*Sety  also  Travels  in  North  America  in  the  Yean  1841-'42;  with  (^ooloKical  ObHorvatious  on  tbe 
United  StAU.*8,  (Jaiiiidu,  .ami  Nova  Sc^itia,  in  which  ho  deft^ndft  hin  dotfniii nation  of  the  ai;o  ol  the 
jO'pBiferons  strata  aH  the  "Lower  Carboniffrons."    By  CharloA It^'cW.    Vo\. *l^ Ci\v«.^«*Ub« 
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the  Illinois,  and  the  Michigan  Aelds,  the  fields  in  Oanada,  in  New  Bruns- 
wick, rriuce  Edward  Island,  Nova  Scotia,  and  Gape  Breton,  are  of  great 
importance. 

The  Carboniferous  series  of  Nova  Scotia  are  oonveniently  divided 
into  three  parts :  ^^  (1)  An  upper  series,  composed  of  shales  and  sand- 
stones bearing  fossil  plants;  (2)  a  middle  series,  containing  the  pro- 
ductive Coal  Measures;  (3)  the  lower  series,  consisting  of  red  sandstones 
and  marls,  with  gjpsum  and  limestones." 

The  Albion  mines,  near  Pictou,  show  the  greatest  thickness  of  coal 
(some  thirteen  yards  or  more).  An  admirable  section  of  the  whole 
series  is  also  seen  on  the  South  Joggins  Biver,  containing  numerous 
fossil  ])lants. 

Mr.  Kichard  Brown'  reported  in  1846  the  finding,  in  the  Sydney  coal 
field  of  Cape  Breton,  in  a  stratum  of  arenaceous  shale,  of  erect  fossil 
treeS;  showing  attached  rootlets.  This  stratum,  which  has  a  thickness 
of  5  feet,  occurs  below  the  main  seam  of  coal.  Vast  quantities  of 
SigiUaria  stems,  Calamites^  and  Lepidodendra  were  also  recognized,  as 
well  as  a  great  variety  of  ferns. 

In  1847  the  same  author  reported  upon  the  gypsiferous  strata  of 
Cape  Dauphin. 

Mr.  Lyell  had  shown  that  the  gypsiferous  deiK)sit8  of  Nova  Scotia 
and  Cape  Breton  are  closely  connected  with  the  older  Carboniferous 
series,  and  are  representatives  of  the  Carboniferous  limestones  of 
Europe.  The  author  proves  this  statement  by  giving  a  section  fh)ni 
Cape  Dauphin,'  in  wliich  the  gy]>Kiferous  deposits  are  separated  fh)m 
the  red  granites  only  by  a  sniiill  deposit  of  conglomerati*.  and  limestones. 
In  tiiis  series  the  Millstone  grit  is  represented  by  200  feet  in  the  Sydney 
coal  liekl,  but  in  i)laceH  it  reaclics  2,000  feet.  The  thickness  of  the 
gypsum  beds  can  not  be  easily  ascertained.  Their  minimum  thickness 
seems  to  be  about  8  feet.  No  organic  remains  were  noticed  in  the 
gypsum. 

In  1850  Bichard  Brown'  described  the  section  of  the  lower  Coal 
Measures  of  the  Sydney  coal  Held. 

The  series  is  groupiMl  under  four  divisions,  viz : 

4.  Tho  Productive  Coal  Measiires. 

3.  A  thick  deposit  of  Huiidstono. 

"2.  hiinestone  aixl  bIiuIoh,  occasioually  coutainiDf;;;  bods  of  gypsum. 

1.  A  coarrte  (•on«;hnuerate. 

The  first  division,  ^*  probiil)ly  representing  the  Old  Bed  sandstone  of 
Europe,"  outcrops  '^froni  beneath  the  Carboniferous  limestone,  west 
of  Sydney  Harbor."    Tlie  second  division,  having  a  thickness  of  820 


I  Bruuii,  IMchnid:  On  a  ;;r(»up  of  erect  llMsil  treeM  in  the  Sydney  coal  tield  of  Cupo  Breton.  Quart. 
Jour.  ( Jeol.  So<»..  vol.  1»,  IMO.  pp.  39:*- 306. 

'Brown,  Kichard:  On  the  p;yp.sifen>U8  strata  of  C'upe  Dauphin,  in  the  i;*!  and  of  Cape  Broton.  Quart. 
Jour,  r.i-ol.  Sof'.,  vol.  3, 1847,  i»p.  •J57-2r.O. 

*  Brown,  Uichurd  :  Section  of  the  lower  Coai  MfaaiireH  of  the  S^'dney  coal  Held  in  the  Island  of  Cape 
Btdton.    QuAit.  Jour.,  Geol.  Soo.  vol.  6,  1860,  pp.  11&-133. 
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feet,  consists  chiefly  of  shales,  sandstones,  and  limestones,  and  con- 
tains a  few  braohiopods,  fish  scales,  and  plant  remains.  The  third 
division  consists  of  sandstones,  probably  equivalent  to  the  Millstone 
grit  of  England,  and  has  a  thickness  of  1,800  feet.  The  fourth  divi- 
sion, containing  the  Productive  Goal  Measures,  shows  on  Boulartlrie 
Island  a  thickness  of  5,400  feet,  but  at  other  exposures  only  1,000  or 
2,000  feet  The  coal  measures  begin  at  Stubbord's  Point  and  end  at 
Cranberry  Head.  The  dip  is  GO^  east,  at  an  angle  of  7^.  The  author 
adds  a  tabulated  section  of  each  stratum,  giving  thickness  and  phys- 
ical character,  after  which  several  sections  are  appended,  showing  erect 
fossil  trees  from  various  parts  of  the  section. 

In  1852  J.  W.  Dawson^  gave  an  account  of  his  studies  of  the  red 
sandstones  of  Nova  Scotia. 

The  author,  by  further  examination,  has  been  enabled  to  trace  the 
^<  New  Bed  sandstone  "  from  the  mouth  of  the  Shubenacadie  Biver  by 
broken  i)atches  nearly  to  the  mouth  of  the  Avon,  and  at  some  points 
it  was  found  in  very  close  contiict  with  Lower  Carboniferous  rocks.  A 
continuation  of  the  sandstone  is  seen  in  the  Cornwailis  Valley,  as  at 
Petite  Biver,  of  which  he  gives  a  cut,  showing  the  black  slate,  shales* 
and  limestones  lying  immediately  below  the  red  sandstone,  and  dip. 
ping  at  a  high  angle.  A  similar  exposure  of  red  sandstone  is  also 
seen  at  Salter's  Head,  near  the  mouth  of  the  Shubenacadie  Biver.  The 
shales  referred  to  above  are  identical  with  those  of  Horton  Bluff  and 
Noel,  both  exposures  containing  Lepidodendra* 

The  New  Bed  sandstones  of  Shubenacadie  Biver  rest  unconform- 
ably  upon  shales  of  Carboniferous  age. 

In  1S53  J.  W.  Dawson-*  gave  an  account  of  the  Albert  mine,  Hills- 
borough. The  author  regards  these  deposits  as  belonging  to  ^'  the 
lower  part  of  the  Lower  Carboniferous  series,"  and  nearly  equivalent 
to  '^a  band  of  pseudo-Coal  Measures  occurring  in  the  Carboniferous 
limestones  of  Nova  Scotia." 

A  section  from  the  Joggins  Coal  Measures  to  the  Albert  mine  is 
given,  in  which  the  rocks  consist  of  gray  sandstones,  reddish  sand- 
stones, limestones,  and  gypsums,  conglomerates,  and  the  calcareobitu- 
minous  shales  of  the  Albert  mine.  No  shales  resembling  those  of  the 
Albert  series  have  yet  been  recognized  in  the  higher  members  of  the 
Carboniferous  system.  Fish  remains  are  abundant  in  the  Albert  shales. 
The  plant  remains,  though  rare,  bear  very  close  resemblance  to  those 
of  Horton's  Bluff. 

The  shales  in  contact  with  the  coal  are  much  contorted  and  folded. 
No  Stigmaria  were  seen.  Underclays  were  noticed  as  associated  with 
the  coal.  The  coal  bed  has  a  general  dip  of  N.  15^  B.  The  peculiar 
position  of  this  deposit  is  exjilained  by  faulting.    Concerning  its  origin, 

*  Daw8i)n,  J.  W.:  AiMitioiml  uotoA  on  lUc  rod  samUtonftB  of  Nova  Scotia.  Quart.  Jour.  Goul.  Soo., 
Tol.  8,  1852,  ])p.  31)8-400. 

'  DawMm.  J.  \V.:  On  tho  Albert  miue,  IlilbtborouKh,  Nuw  Branflvriok.  Quart.  Jour.  Qeol.  Soo.,  yoU 
0, 1833.  pp.  107-114. 
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it  may  bavo  originated,  first,  ^<  from  a  hardening  of  bitumen,''  or,  sec- 
ond, by  tbe^'bitumiiiizatioii  of  woody  matter  under  continued  preMure." 

lu  1853  Dr.  Dawson'  reported  upon  tbe  South  Joggins  as  follows: 

In  this  region  is  represented  a  series  of  rocks,  14,000  feet  in  thickness, 
extending  from  the  "  massive  limestone  of  the  Lower  Garboniferoos 
series  to  the  top  of  the  Carboniferous  formation." 

The  author  gave  a  detailed  account  under  twenty-nine  divisions  of  a 
section  in  the  middle  of  the  formations,  some  2,800  feet  in  thickness. 
The  rocks  consist  of  shales  and  clays  containing  plant  remains,  black 
carbonaceous  shales  intercalated  by  thin  beds  of  coals,  and  sandstones 
showing  ripple-marks  and  erosive  eflt'ects  previous  to  the  deposition  of 
the  superimposed  strata.  Trunks  of  trees  in  situ,  covered  with  Spirar- 
bis^  were  found  embedde<l  in  the49e  sandstone  strata,  which  contained 
Calumites  and  SigUlaria.  Siigmaria^  CypriHj  aud  Modiola  were  quite 
numerous  in  the  underclays.  Some  new  facts  are  noticed  showing  the 
relation  of  Stigmaria  aud  Sigillariay  and  attention  is  called  to  the  oc- 
currence of  ConiferotM  trees,  Calamitcs^  and  PoaciteSy  together  with 
animal  remains,  consisting  of  scales,  teeth,  jaws,  spines,  and  coprolites. 
An  abstract  is  added  of  Mr.  Logan's  section  of  SSouth  Joggins  Coal 
Measures.    (See  p.  230-241.) 

Messrs.  Poole' (Henry)  and  Dawson  (J.  W.)  in  1854  compared  the 
Albion  Coal  Measures  with  the  section  at  the  Joggins. 

The  thickness  of  the  Albion  Measures  varies.  While,  according  to 
Mr.  Tjogan,  the  Joggins  section  showed  seventy-six  coal  seams  aggre- 
gating 44  feet,  and  Mr.  Brown's  section  at  Sydney,  thirty -one  seams 
showing  37  feet,  at  Pictou  there  arc  only  two  seams  60  feet  in  thick- 
ness. At  the  Albion  mines  the  Jirgillaceous  beds  are  very  thick,  while 
the  sandstones  and  shales  seen  at  the  »h)g^ins  and  Sydney  are  absent. 
Tlie  coal  beds  with  their  associated  rocks  seem  to  be  unconformable 
with  the  coal  formation  inimodiately  below.  This  is  explained  by  un- 
equal deposition. 

In  the  Albion  mines  occurs  a  thick,  reddish  conglomerate  above  the 
Coal  Measures,  wliich  has  no  ecjnivalent  in  the  other  mines  of  Nova 
Scotia.  Its  outcroi>  extends  across  the  valleys  of  East,  Middle,  and 
West  Kivers,  IMctou,  and  dips  toward  the  north.  This  is  considered  as 
the  base  of  the  "  Xewor  Coal  Formation/- 

A  detailed  account  of  the  great  bed  is  added. 

In  IHoG  Mr.  Dawson  ^  gav(!  his  views  regarding  the  classification  of 
the  rocks  of  Nova  Scotia  in  a  paper  before  the  American  Association. 

Nova  Scotia  is  occupied  by  rocks  of  the  Silurian,  Devonian,  and  Car- 
boniferous series,  and  sandstones  supers(»(lcd  by  traps.    The  Carbon- 


'  Dawfloii,  J.  "W. :  On  tln-Cojil  Measurt's  of  tin-  Sduth  ■I(»;;;;iiis.  Nova  StM»tia.    Quart.  Jour. Geol. Soc., 
vol.  10.  1X.>4,  pp.  1   V2. 

*  INidlf,  IloMFv.  iiiHl  l>a\<»oii.  .1.  W.;  On  tlio  stnniiiifMif  tin-  All»ion  Coni  MoaHnr(«.    Quart.  Joar. 
(nol.  Soc,  vol.  in.  ip-it.  pp.  42  51. 

*  DawHon,  .J.  W. :  On  tlx'  p:ir:illoli.sni  of  Iho  rock  foiinationri  ol  Nova  Scotia  with  thoao  of  other  pftrta 
ofAnwTicii.    Am.  A.shoc.  Pru<:.,  vol.  10.  l*t.  2,  ISfM'i,  pp.  18  25. 
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iforouB  rocks  are  especially  well  developed  and  lie  nnconformably  upon 
the  Devonian  rocks.  The  author  proposes  to  outline  the  equivalency 
of  these  Canadian  geological  changes  and  forinations  with  those  of  the 
American  Paleozoic  and  Mesozoic  in  the  United  States. 

After  enumerating  instances  of  modern  changes  of  level  evidenced  by 
Rubmerged  trees  and  stumps  in  situ,  found  along  the  Bay  of  Fundy  and 
near  Fort  Lawrence,  and  probably  connected  with  those  in  progress  in 
Newfoundland,  Prince  Edward  Island,  and  tlie  coast  of  New  England, 
together  with  an  outline  of  the  distribution  of  bowlders  and  direction 
of  transportation,  ho  described  the  New  Bed  sandstone  immediately 
underlying  the  above  series,  which  are  well  deve1oi>cd  in  Nova  Scotia 
and  Prince  Edward  Island,  the  latter  not  associated  with  traps. 

The  Oarbouiferous  series  was  described  in  descending  order  under 
five  stratigraphic  divisions. 

(1)  "  Upper  or  New  Coal  Formations,''  consisting  ot  several  thousand 
feet  of  sandstones,  shales,  gray  beds  with  fossil  plants,  but  without 
workable  coal  or  massive  limestones. 

(2)  The  "Productive Coal  Measures,"  presenting  three  diflFerent  types 
of  structure;  (a)  a  largo  number  of  alternating  beds  of  coal  and  stlg- 
maria  under  claj's  ;  {h)  the  cojil  accumulated  in  a  few  large  seams,  but 
destitute  of  marine  limestone  and  with  erect  trees ;  (c)  presenting  the 
aspect  of  the  first  series,  but  without  coal  and  its  accompaniments. 

(3)  A  very  thick  series  of"  gray  and  red  sandstones,"  barren  of  coal 
plants,  corresponding  in  part  to  the  "  Millstone  ftrits"  of  England  and 
the  "Conglomerates"  of  the  Ai)palaohian  and  Western  coal  fields. 

(4)  The  "gypsiferous  series,"  consisting  of  red  sandstones,  red  and 
green  marls,  limestones  with  fossils,  and  beds  of  g^'psum  ;  this  series 
is  wanting  in  the  Appalachian,  but  is  well  developed  in  the  West  and 
South.  It  was  noted  that  when  the  Carboniferous  beds  of  limestone  ap- 
proached the  older  ridges  of  rocks  the  limestones  diminished  and  were 
replaced  by  conglomerates  marking  ancient  sea  beaches,  while  the  dei>o- 
sition  of  limestone  took  place  in  deeper  waters,  thus  presenting  an  anal- 
ogy to  similar  facts  obacrved  in  the  United  States. 

(5)  At  the  base  of  the  system  o<5cur  "estuary  deposits"  of  dark  cal- 
careous shales  and  sandstones,  with  coal  plants  and  fish  scales,  to  which 
series  the  author  refers  the  fish-bearing  shales  of  the  Albert  mine  in 
New  Brunswick. 

He  noted  the  groat  similarity  of  the  coal  fiora  of  Nova  Scotia  to  that 
of  the  Southern  and  Western  States  and  of  England,  while  the  marine 
fauna  seemed  to  be  more  closly  allied  t^  that  of  western  Europe. 

The  features  of  the  Devonian  and  Silnrian  rocks  were  outlined.  Before 
tlie  dawn  of  the  Lower  Carboniferous  period  violent  disturbances  had  oc- 
curre<l,  elevating  and  fracturing  the  rocks.  The  first  fossiliferous  beds 
of  great  thickness  were  supposed  by  Prof.  Hall  to  belong  to  the 
Clinton  and  Oriskany  sandstone  of  New  York.  In  some  parts  the  or- 
ganic life  is  remarkably  like  that  of  the  English  Upi>er  Ludlow.    The&<^ 
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be(l8,  occnrriii;;  abont  the  liorizon  of  tlie  Niagara  gronp,  are  interotrat- 
iiied  with  beds  of  greenstones,  the  whole  series  being  cut  by  dikes,  sim- 
ilar to  regions  of  the  same  age  in  New  England.  The  older  Silurian 
rocks  consist  of  noufossiliferous  rocks  made  up  of  quartzites  and  clay 
slates  of  great  thickness,  passing  in  places  into  mica,  chert,  and  gneiss, 
destitute  of  calcareous,  maguesian,  and  metallic  minerals,  with  the  ex- 
ception of  iron  pyrites,  but  including  no  representative  of  the  Sdurian 
limestones  of  the  United  States  and  Canada,  though  occurring  but  a 
short  distance  from  the  Province  of  New  Brunswick. 
Isaac  Lea,*  in  1859,  compared  the  ''  Trias  "  formations  of  the  eastern 

border  of  the  United  States  with  the  older  rocks  of  Prince  Edward  Is- 
land. 

Mr.  Dawson,  in  referring  to  the  older  rocks  of  Prince  Edward  Island, 
had  said  that  they  '^  either  belong  to  the  toi)  of  the  Carboniferous  sys- 
tem or  to  an  overlying  deposit  of  the  I\»rmian  or  Triassic  age."  Mr. 
Jjea  remarked  that  the  rock  in  the  bed  of  Deep  Kiver,  North  Carolina, 
formerly  considered  by  Prof.  Emmons  as  Trias,  was  in  1856  by  him 
divided  into  two  groups,  Permian  and  Trias.  Fie  considered  that  the 
Chatham  series  of  North  Carolina,  the  Newark  series  of  New  Jersey, 
and  the  Greenfield  series  of  the  Connecticut  Valley  represent  one  epoch, 
the  Perniiau.  The  Groynedd  series  and  that  of  Pho^nixvillo  are  evi- 
dently of  the  same  horizon  with  the  above  mentioned.  Prof.  Em- 
mons agrciis  with  Mr.  Lea  in  referring  these  rocks  to  the  Permian  epoch, 
identified  as  they  are  in  North  Carolina  by  the  same  Saurian  forms, 
plants,  fish  scales,  and  the  Vosidonia. 

Cliarles  II.  llitchcrock,^  in  1800,  made  the  following  correlations  of  the 
coal  beds  of  New  Kngland: 

By  means  of  the  fossil  i>lants  Mr.  Losquoreux  ha<l  been  able  to  systema- 
tize the  Carboniferous  coals.  Kroni  comparison  of  his  identifications  Mr. 
Hitchcock  concluded  that  the  New  Kn^^land  coal  basins  of  Wreutham, 
Valley  Falls,  Portsmouth,  and  Newport,  Kliode  Island,  belong  to  the 
lower  series,  probably  1h*1o\v  the  Mahoning  sandstone,  and  if  the  upper 
Coal  Measuresof  other  basins  were  ever  deposited  there  they  have  been 
obliterated  by  (lenu<lation. 

In  a  letter  to  Mr.  P>.  Silliman,  jr.,  Mr.  O.  C.  Marsh^  corrected  amis- 
taken  report  that  the  Saurian  vertebne  from  Nova  Scotia  (discovered 
by  Marsh  in  1855)  had  been  recently  found  by  Agassiz.  Mr.  Marsh  had 
postponed  announcing  the  discovery,  hoping  to  obtain  further  remains, 
but  fixiling  to  do  so,  makes  it  public  in  this  letter,  saying  that  he  found 
the  bones  beneath  5,ouo  feet  of  coal  strata;  that  they  resemble  the 
vertebne  of  an  Ichthyosaurus;  and  he  proposes  for  the  species  the 
name  Kosaio-un  Aanlianus, 

In  1803,  in  the  "(leology  of  Canada,"  the  Devcmian  system  was  recog- 


>  Liia.  T«a;ir:  On  A^M'i,f  Tri;isor  K-.^ti-rn  L'liit.  -1  St.it  i-i.   IMiil.i.  .\(:iil.  Si.i..  Vror,  vnl.  10. 1859.  pp.DO-W. 
'intrluork.  T.  H.:  SyiMlMoiii.-Tij  at  Ci.al  IJr.ls  in  tl..'  NVw  Kii-laml  uml  Woatrin  Uui  tod  States  Cool 
JiiiMiiiH.     Am.  Artso«-.,  rioc.,  veil.  ]4.  18Co.  in».  US •■]i:t. 
^Mmuh,  O.  (J.  I  Ou  tho  ;Sauriau  Veitebiu;  iVoiu  Nova  Scotia.    Aui.  Jour.  Sol.,  vol  33,  1803,  p.  278. 
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nized  by  Logan  in  Canada  West  Acknowledf^^ments  were  made  of  the 
services  of  James  Hail  in  tracing  ont  in  1856  witli  Mr.  Murray  the 
boundary  of  the  Upper  Devonian  rocks  in  a  part  of  the  western  peninsula. 

In  the  report^  Logan  recognized  the  Oriskany,  Corniferous,  Hamilton, 
Portage,  and  Chemung  form  Jtions  of  the  New  York  system.  Eeference 
is  also  made  to  the  correlation  of  the  higher  Carboniferous  rocks  in 
Michigan  and  their  relation  to  these  Devonian  rocks. 

The  Oriskany  sandstone  is  rei)orted  from  Waterloo,  on  the  Niagara 
Kiver,  and  extending  westward  at  Oneida  and  North  Cayuga,  but  is 
not  recognized  beyond  the  township  of  Windham.  It  is  from  G  inches 
to  25  feet  thick,  but  is  fre<yiently  missing  between  the  Waterlime  and 
Comiferons  formations. 

The  .Corniferous  formation  is  estimated  at  160  feet  It  presents  vari- 
ous characters,  cherty  limestone,  calcareous  shales,  light  or  dark,  bi- 
tuminous and  hydraulic  beds  being  reported  at  different  localities. 

A  series  of  shales  and  shaly  limestones  is  reported  as  ''Hamilton 
formation."    At  Bosanquet  the  following  section  is  seen : 

Feet 

GrayEnorinal  limestone • • 2 

Soft  shales 80 

Solid  Encrinal  limestone 2 

Gray  calcareous  shales  {Spirifer  muvronatus) 4 

Gray  calcareous  beds 'io 

At  Austin  Mill,  50  or  60  feet  below  the  Encrinal  limestone,  occurs  a 
solid  arenaceous  limestone,  7  inches  thick,  under  which  are  black  shales 
doubtfully  referred  to  the  Marcellus  shales.  The  soft  marly  beds,  with 
thin  beds  of  limestone  intercalated,  containing  Spirifer  mucronatus,  are 
also  referred  to  the  Uamiltou  formation.  The  thickness  of  the  forma- 
tion is  estimated  at  300  feet.  In  several  localities  (Cape  Ip[)erwa8h, 
Kettlei>oiut,  Bosanquet)  a  black,  fissile,  bituminous  shale,  12  to  14  feet 
thick,  weathering  gray  and  holding  spheroidal  concretions,  is  correlated 
with  the  Genesee  shale.  The  author  expresses  the  opiniou  that  the 
363  feet  of  rocks  in  Michigan  called  "Chemung"  and  "Portage''  by 
Wiuchell  lie  above  the  "  Black  shale." 

In  a  papei''  describing  his  studies  of  the  Coal  Measures  on  the  coast 
of  Cape  Bretx)n,  J.  P.  Lesley^  called  in  question  the  reported  thickness 
of  the  Coal  Measures.  He  said:  "The  geologists,  Sir  William  Logan, 
Sir  Charles  Lyell,  Professor  Dawson*  and  other  geologists  who  have 
described  the  Coal  Measures  of  Nova  Scotia  and  New  Brunswick  agree 
in  assigning  to  them  an  almost  incredible  thickness." 

'Cjoological  Surrey  of  Canada:  Keport  of  prof;rc8s  from  its  oomtuencomeut  to  1803 ;  llluatratud  by 
498  wood  cuU  in  the  text.    Muntroal,  1863,  8vo.,  xxvii  and  983  pp.,  by  W.  E.  Loj;an. 

*  TbU  discaHHion  i8  referred  to  nt  the  opt^ning  of  the  pro«ent  chapter.    The  orif^inal  papern  were 
pnbliHhed  in  the  American  Philo8ophic;il  Si>cioty  Proceedings. 

'  Lesley,  J.  I*. :  Svction  of  Cual  MeaBiiren  on  the  Cape  Breton  coast.     Am.  Phil.  Soc.  Proc.,  vol.  9. 
1863.  pp.  93-100, 167-170 ;  Am.  Juur.  Sci.,  24l  ecr.,  vol.  30,  pp.  179-196  (Kovlsed). 

*  Dawson,  J.  W. :    Note  on  Lesley's  paper  on  the  Coal  Measures  of  Cape  Breton.    Am.  PhlL  Soc 
Proo.,  ToL  9,  IMS,  pp.  168-167. 208,  S09. 
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The  Rcctloii  of  which  Mr.  Lesley  gave  a  fall  accoant  is  sitnated  be- 
twecu  Luigan  and  Great  Glace  Bays  on  the  east  coast  of  Gape  BretOD. 
It  includes  the  ^<  Productive  Goal  Measures"  of  Gape  Breton  with  Ave 
workable  bo<ls.  In  the  North  Sydney  measures  Mr.  Brown  has  re- 
corded thirty-four  seains,  but  only  four  of  them  are  workable,  varying 
from  3  to  7  feet  in  thickness. 

The  author  concluded  that  Mr.  Brown^s  estimate  of  10,000  feet  for  the 
Productive  Goal  Measures  is  too  great.  lie  added  an  analysis  of 
Logan's  '^Joggin's  section"  having  ^'a  vertical  thickness  of  14,570 
feet,"  and  containing  '<  seventy-six  beds  ofcoa),  and  ninety  distinct 
Stigniaria  underclays,"  and  <<  twenty-four  bitaminons  limestones." 

In  Dr.  Dawson's  reply  he  took  exception  to  Mr.  Lesley's  views  nnder 
the  following  heads :  (I)  It  is  not  safe  to  make  comparisons  between 
the  greatly  developed  Goal  Measures  of  Nova  3cotia  and  the  thinner 
beds  of  the  west ;  (2)  The  Coal  Measures  were  deposited  on  the  sides 
of  the  Silurian  and  Devonian  hills  in  separate  areas  and  not  over  the 
hilltops;  (3)  It  is  useless  to  make  comparison  between  even  the  Jog- 
gins  section  and  those  of  Wallace  and  Picton.  *'A  fortiori,  detailed 
comparison  with  Pennsylvania  and  more  distant  localities  mast  fail;" 
(4)  "  The  whole  of  the  Coal  Measures  in  the  Joggins  section  belong  to 
the  Upper  and  Middle  Coal  Measures.  It  is  quite  incorrect  to  inden- 
tify  No.  0  of  Logan's  section  with  the  Lower  Coal  Measures  '^  (6)  *•  The 
tlora  is  identical  throughout  the  whole  thickness  of  the  Middle  Coal 
Measures ;"  (G)  The  flora  of  the  gypsiferous  deposits  and  marine  de- 
posits of  Nova  Scotia  is  certainly  Carboniferous,  while  the  flora  of  the 
so-called  **  Chemung"  is  as  decidedly  Devonian. 

In  a  letter'  to  the  editors  of  the  American  Journtil  of  Science,  Dawson 
combats  the  action  of  some  geologists  in  referring  certain  rocks,  hitherto 
regarded  as  Upper  Devonian,  to  the  ('arboniferous  i)eriod,  and  gives 
facts  ilerived  from  his  own  study  of  fossil  plants  which,  he  thinks,  bear 
strongly  against  this  view.  Of  all  the  species  of  Devonian  land  plants 
that  have  conu»  under  liis  observation,  both  of  America  and  EuropOf 
only  an  exe<'edingly  small  number  are  (/arboniferons.  In  the  Carbon- 
iferous system,  in  spite  of  numerous  dilierences  between  the  plants  of 
the  lower,  middle,  and  upper  divisions,  <* there  is  a  grand  unity  of  the 
fossil  Mora  throughout."  lUit  when  the  Devonian  is  reached,  there  are 
new  genera  and  a  distinct  assemblage  of  species.  The  author  speaks 
of  but  one  exceptional  case,  which  is  that  of  beds  at  Akron  and  Rich- 
field, Ohio,  regarded  as  e^juivalent  to  tlui  rpi>er  Devonian  of  New  York. 
In  a  small  eolh'ction  from  these  places  lie  saw  two  species  which  were 
identical  with  Lower  Carboniferous  forujs,  while  the  others,  though 
having  a  Devonian  aspect,  were  not  identical  with  any  New  York  or 
(laspe  species. 

While  it  may  be,  he  says,  that  in  the  Paleozoic  period  the  range  in 
time  of  marine  forms  exceeded  that  of  terrestrial  life,  it  would  bean 


'/>AWrto/i,  J.  W. :  On  Aiin*rican  Ucvom.vu.     .\\\\.  .\vnvt.  Sci.,  vol.  35,  2d  Her.,  1863,  pp.  309-311. 
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anomaly  to  have  a  stratum  of  rocks  inclade  ono  flora  and  a  part  of 
another  almost  entirely  distinct  and  characteristic  of  another  period. 
Bat  he  thinks  the  gap  greater  in  Eastern  A.merioa  between  the  Devo- 
nian and  Oarboniferous  periods  than  it  is  elsewhere.  The  Ohio  plants 
mentioned  indicate  passage  beds,  but  in  that  case  the  author  would 
suppose  them  to  be  newer  than  the  Chemung  group,  and  wanting  or 
represented  by  barren  deposits  in  New  York. 

In  another  paper,'  which  is  copied  into  the  American  Journal  of 
Science,  from  the  Quarterly  Journal  of  the  Geological  Society  (with  the 
exception  of  Part  u,  containing  desci  iptious  of  species,  which  is  omitted). 
Dr.  Dawson  speaks  of  the  large  number  of  species  of  the  Devonian  flora, 
more  than  60,  which  he  has  had  the  opportunity  of  examining,  from  the 
collections  of  Messrs.  Matthew  and  llartt,  Professor  Hall,  and  Professor 
Hitchcock,  and  notices  the  geological  character  of  the  localities  in  which 
they  are  found,  with  lists  of  the  fossils  found  in  each.  The  localities' 
are  in  the  States  of  New  York  and  Maine,  in  Canada  and  New  Bruns- 
wick. The  rocks  of  St.  John  in  New  Brunswick,  from  which  a  copious 
flora  has  been  obtained,  are  described  in  detail,  and  a  summary  given 
of  the  deposits. 

At  the  close  conclusions  are  drawn  from  the  observations  recorded  in 
the  preceding  part  of  the  article  as  follows  :  (1)  That  the  Devonian 
flora  resembles  the  Carboniferous  in  its  general  character  in  the  pre- 
valence of  Gymnosperms  and  Cryptogams,  and  the  generic  types  of  the 
two  periods  "are  nearly  the  same.  Of  thirty-two  genera  described,  only 
six  are  peculiar  to  the  Devonian  period,  though  some  are  much  better 
represented  in  the  Devonian  than  in  the  Carboniferous,  and  several 
Carboniferous  genera  are  wanting  in  the  Devonian.  (2)  A  majority  of 
the  species  of  the  Devonian  do  not  reappear  in  the  Carboniferous,  but 
a  few  species  extend  from  the  Upper  Devonian  into  the  Carboniferous, 
establishing  a  passage  from  the  earlier  to  the  later  tlora.  But  this 
connection  is  less  close  than  that  between  the  Lower  Carboniferous  and 
the  true  Coal  Measures.  (3)  A  large  part  of  the  dinerence  between 
the  two  floras  is  owing  to  the  different  geographical  conditions.  (4) 
The  conditions  wei'e  less  favorable  to  the  i)reservation  of  plants  in  the 
Devonian  than  in  the  Carboniferous  period.  (5)  The  Devonian  flora 
was  not  of  lower  grade  than  that  of  the  coal  period,  but  we  And  in  it 
more  points  of  resemblance  to  the  floras  of  the  Mesozoic  period  and  of 
modern  tropical  and  austral  islands  than  in  that  of  the  true  coal  forma- 
tiou.  (G)  The  faoies  of  the  Devonian  flora  in  America  is  very  similar 
to  that  of  the  same  period  in  Europe,  but  the  number  of  identical  spe- 
cies in  the  coal  flelds  of  the  two  continents  is  greater.  These  conclu- 
sions do  not  ditf'er  materially  from  those  of  Goeppert,  U  nger,  and  Broun, 
after  consideration  of  the  Devonian  flora  of  Europe. 

In  a  letter  from  Leo  Les([uereux2  the  following  points  regarding  cor- 

■  DawsoB,  J.  W. :  On  tho  Flora  of  tho  Devonian  poriud  iu  Nortbooatom  Anu'rica.    Am.  Jour.  Sci., 
toIb.  36,  86,  1803,  pp.  311-319,  41,  42. 
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far  Wejit.    Am.  riiil.  Soc,  Proc,  vol.  n,  18C3,  pp,  llW-204. 
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relations  of  Nova  Scotia  formatious  are  recorded,  reviewing  the  paper 

above  meutioned : 

The  tirst  necliou  described  is  situated  14  miles  tonthwest  of  Fayette- 
ville,  iu  Wasliiiigton  County,  Arkansas,  and  the  second  was  made  from 
the  base  to  the  top  of  the  Boston  Mountain,  in  Johnson  Ooanty.  The 
Millstone  Grit  Measures  seem  more  persistent  and  greater  iu  thickness 
in  Arkansas  than  in  the  East,  and  may  be  greater  than  has  been  made 
out  at  Ilorschead  Mountain.  From  an  examination  of  these  sections, 
the  author  thinks  that  the  '<  Nova  Scotia  basin  is  a  separate  member 
of  our  great  American  coal  field,''  and  agrees  with  Dawson  that  the 
Dora  of  both  countries  is  apparently  the  same.  But  while  Dawson 
finds  abundance  of  coniferous  trees,  and  English  ge-ologists  find  them 
abundant  in  the  Coal  Measures  of  England,  the  author  claims,  in  com- 
paring sections  of  the  Ea^t  and  West,  that  he  finds  none  in  his  western 
section.  The  increased  thickness  of  the  sandstones  and  shales  of  the 
eastern  deposits,  in  comparison  with  those  of  the  West,  and  the  local 
variations,  the  author  accounts  for  by  the  fact  that  they  are  share  forma- 
tions, and  hence  Dawson's  sixth  objection  is  not  applicable  to  western 
deposits.  Tlie  author  iu  conclusion  shows  from  Dawson's  own  state- 
ments that  there  is  a  gradual  change  throughout  the  flora  of  the  Coal 
Measures,  and  even  from  Devonian  to  typical  Carboniferous  plants, 
while  Dawson  would  claim  there  was  a  much  less  intimate  connection 
between  Upper  Devonian  and  Lower  Carboniferous  than  is  apparent 
throughout  the  whole  Carboniferous  system.  * 

G.  F.  Matthew*  in  1805  commented  on  the  **Fern  ledges"  of  Lancas- 
ter, New  Ijrunswiek,  iu  the  following  way: 

The  Middle  and  Upper  Devonian  roeks  are  known  under  three  groups: 
The  "  Hloomsbury  group,''  No.  4  of  Dawscm's  list ;  "  Little  River  group," 
Nos.  2  and  3,  Dawson's  list;  **  Mispeck  group/' No.  1,  Dawson's  list. 
Tliese  gn)Ui)S,  lying  uneonformably  on  the  Silurian,  and  in  some  places 
upon  the  Laurentian  rocks,  occupy  a  great  [)art  of  the  district  towards 
the  head  of  the  I5ay  of  Fundy.  The}'  contain  numerous  plant  beds, 
and  seem  to  b(»  connect4}d  with  those  of  Perry,  Mo.  St.  John  County 
is  lar^iely  covered  by  Devonian  rocks,  and  detached  pieces  occur  through- 
out Clnnlotte  County.  Dawson  says  that  "the  plant  remains  combine 
the  features  of  the  Hamilton  and  Portage  groups."  Professor  Hitch- 
cock also  reports  Devonian  areas  iu  northern  Miiine.  The  thickness  of 
the  Devonian  sediments  below  the  plant  beds  is  about  5^000  feet. 

The  Lower  Carboniferous  rocks  extend  over  Kings,  Albert,  and 
Westmoreland  Counties,  being  about  100  miles  in  length,  with  varying 
width.  They  also  occur  along  the  Keunebeccasis  I>ay  and  in  detached 
areas  along  the  Bay  of  Fundy.  They  consist  mainly  of  limestones, 
shales,  and  sandstones,  associated  with  pyros(;hist8  resembling  those 


'  Mattlifw.  riei»r;iO  F. :  On  tho  PHvoiiian  plant  l<»cality  df  Ibo  "  Ft»i'n  liMlfjt^H."  LancastiT,  New  Brnni- 
TV'iik,  \%itli  :\  di't:til«>«I  HiTtiun  and  uutOH  on  tho  iodrtili*. 

Ob.-4<rvati()n»  on  the  (Jcolo^iy  of  southcrD  Now  Brunswick,  by  L.  W.  Bailey  fet  al.],  pp.  131-140.  Fwd* 
eric  ton,  1805. 
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of  the  Albert  niinei  and  yielding  Lq^dodendronSf  OyclapteriSj  and  other 
Carboniferous  forms.  The  Carboniferous  rocks,  consisting  of  gray  sand- 
stones and  shales,  cover  the  central  and  eastern  part  of  New  Bruns- 
wick. There  is  a  slight  nonconformity  between  the  Lower  Carbonifer- 
ous and  the  Coal  Measures  of  about  15^.  They  also  appear  in  West- 
moreland County,  and  extend  along  the  north  shore  of  the  Bay  of  Fuudy. 

Dawson*  in  1806  gave  an  interesting  discussion  of  the  conditions  of 
dei>osition  of  coal,  in  which  the  classification  and  thickness  of  the  Aca- 
dian formations  are  stated. 

According  to  the  estimates  of  Logan  the  Coal  Measures  at  the  Jog- 
gins  are  14,570  feet  in  thickness,  the  deposits  of  Pictou  16,000  feet,  and 
those  of  Cape  Breton,  according  to  Mr.  Brown,  11,000  feet,  excluding 
the  Lower  Carboni'ferous  deposits. 

The  author  arranged  the  Carboniferous  series  in  the  following  groups: 

(a)  Upper  coal  formatiou,  consistiuf^  of  sandstones,  shales^  couglomerateSi  and 
thin  limestones,  bearing  numerous  plant  remains. 

(&)  The  middle  coal  formation,  or  Coal  Measures  iiroper,  containing  all  the  coal 
beds,  but  no  limestones.     Plant  remains  are  quite  abundant. 

(c)  The  ^'  Millatone  grit,''  including  the  sandstones  and  shales,  lying  just  below  the 
Coal  Measures.    It  contains  the  trunks  of  coniferous  trees. 

(d)  The  Lower  Carboniferous  marine  formation. 

(e)  The  Lower  Carboniferous  Coal  Measures,  or  Lower  Coal  Measures.  "The  last 
two  groups  are  equivalent  to  the  'Subcarbouiferons'  of  American  geologists."  But 
the  author  did  not  find  in  Nova  Scotia  any  reason  for  applying  any  more  explicit 
term  than  "  Lower  Carboniferous." 

There  seem  to  have  been  three  distinct  conditions  of  deposition  dur- 
ing the  middle  coal  formation:  (1)  Deposition  of  coarse  sediments, 
alternating  with  clays,  sands,  and  gravels;  (2)  precipitation  of  lime- 
stone and  growih  of  corals  and  shellfish;  (3)  deposition  of  tine  sedi- 
ments and  accumulation  of  vegetable  matter  between  bituminous 
imestones  and  shales. 

The  condition  of  the  Devonian  rocks  shows  that  there  was  considerable 
igneous  action  at  the  close  of  the  Devonian  period,  and  before  the 
deposition  of  Carboniferous  rocks,  from  the  fact  that  they  are  partially 
metamorphosed  by  tlie  eil'ects  of  injection  of  igneous  matter. 

The  author  thinks  that  the  time  of  greatest  depression  was  during  the 
deposition  of  limestones;  the  time  of  greatest  elevation  took  place 
during  the  formation  of  the  coal  beds,  and  the  condition  for  the  forma- 
tion of  the  ^^ Millstone  grit"  was  intermediate.  These  remarks  apply 
to  New  Brunswick  as  well  as  to  Nova  Scotia.  The  local  difterences  are  of 
the  same  character  as  those  of  the  Appalachian  and  western  fields  and 
those  of  Great  Britain. 

There  is  marked  evidence  of  a  disturbance  during  the  Carboniferous 
period,  producing  synclinal  and  anticlinal  folds,  similar  to  those  of  the 


'  Dawaon,  J.  W. :  On  tlie  ooiulitioiin  of  the  deposition  of  coal,  more  eapecially  as  illustrated  by  the 
coal  fonuation  of  Nova  Scotia  and  Now  Brunswick.  Qaart.  Jour.  Uool.  Soc,  toL  22, 1806,  pp.  U&-I66, 
plAte. 
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Dovonian  perkid,  and  heuco  causing  irregular  deposition  and  loeal 
denudation,  a  condition  very  common  in  Nova  Scotia, 

The  author  has  been  unuble  to  account  for  the  sei^aration  betwem 
the  lower  and  middle  coal  formations,  but  thinks  *^it  may  inolDde  madi 
of  the  <  Lower  Coal  Measures '  of  Sogers  in  the  Pennsylvania  ooal  field*" 
lie  maintains  that  the  onler  of  sequence  noted  in  the  Garboniferoiu 
period  has  its  parallel  in  each  of  the  other  periods  of  the  Paleozoic 
uge,  ^^eacl)  of  which  was  characterized  by  a  great  subsidence  and  partial 
reelevation,  succeeded  by  a  second  very  gnidual  subsidence." 

A  detail  account  was  given  of  the  stratiticatiouof  the  South  Joggins 
section  and  discussed  under  three  divisions: 

(1)  Logan's  section,  1,017  feet  in  vertical  thickness  on  the  shore  of 
Shoulie  liiver. 

(2)  Ragged  Kecf  and  vicinity,  650  feet  in  thickness,  forming  the  lower 
part  of  the  upper  coal  formation. 

(3)  From  Ragged  Reef  to  McCavins  Brook,  2,134  feet  in  thickness, 
including  1,001)  feet  of  sandstone,  912  feet  of  shales  and  days,  and  22 
coal  beds.  This  is  ]>robably  equivalent  to  the  '^  Upper  Goal  Measnies" 
of  American  geologists  and  includes  also  the  '^  Middle  Coal  formation." 

In  18G7'  the  same  author  announced  some  recent  discoveries  in  the 
Acadian  provinces  of  British  America.  lie  said  the  discovery  of  a  land 
tlora  in  a  series  of  rocks  near  St.  John,  New  Brunswick,  underlying 
unconformably  the  Lower  Carboniferous,  has  proved  the  presence  of 
rocks  of  the  Devonian  age.  For  this  discovery  we  are  iudebted  to 
Messrs.  Matthew,  Ilaitt,  and  Bailey.  With  the  floni  were  found  six 
species  of  insects  which  have  been  described  by  Mr.  Scndder.  They 
are  the  first  insects  Ibiiud  below  tlie  Carboniferous.  Below  the  Devo- 
nian shales  and  sandstones  occurs  a  thick  series  of  rocks  embracing  a 
fauna  of  Silurian  aspect.  This  division  is  termed  the  ^'Acadian  series." 
Tlie  labors  of  Mr.  Davidson,  Mr.  llartt,  and  the  author  have  brought 
to  li«^ht  fossils  closely  allied  to  Permian  species. 

The  announcement  of  the  correlation  of  Devonian  rocks  in  Maine 
was  made  by  C.  Jl.  Hitchcock-  in  1807. 

A  series  of  slaty  deposits  in  Wasliin^^ton  County,  Maine,  was  referred 
to  the  ''Lower  Ilelderber^"  and  ^'  Ui)i>er  Devonian."  In  the  northern 
part  of  the  State  occur  the  representatives  of  ^'(Oriskany)  Caudagalli 
grit-'  and  other  fossiliierous  zones  of  Devonian  strata. 

A  reconnaissance  made  for  the  ^^»vernnient  of  New  Brunswick'  by 
Messrs.  Matthew  and  iiailey,  in  connection  with  C.  F,  llaitt,  brought 
to  light  a  wide  distribution  of  Devonian  rocks  along  the  shore  of  St. 
John  River.     After  ^lescrribinij  the  occurrence  of  the  lower  metumorphic 


'  iJaws'in.  J.  W.  :  On  n-rcnt  ;:i"(ilo:jk'al  di.HCi>vcii«..s  iu  tin-  Acaili.iu  jirovinoes  of  liritidh  AiueriCA. 
Am.    \.ssuc.  rrm:.,  vol.  10,  1S07.  pp.  117-1  lU. 

'nitih<o(k,  riiarh'rt  II.:  Exi)lanali«m  ol  a  ;^«-olo;_Mc'al  iii;»p  nf  Maim.-.  In  Am.  As***,  rroc.,  voL  16, 
18r.7,  pp.  I'JU. 
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rocks,  the  aatliors  gave  a  detailed  aocoant  of  the  Siluro-Devonian 
formation  occarring  on  each  side  of  the  granite  ridges  to  the  south  of 
the  Carboniferous.  These  sediments  they  divide  into  a  lower  and  upper 
division,  each  of  which  is  subdivided  into  two  series.  These  occur 
chiefly  in  St  John,  Charlotte,  and  Queen  Counties.  A  gradual  passage 
from  the  granites  to  undoubted  Siluro-Devonian  rocks  is  well  exhib- 
ited in  the  Nerepis  Valley  and  on  the  eastern  shore  of  the  St  Aviso 
Biver,  Charlotte  County.  A  similar  series  occurs  in  Perry,  Maine. 
The  granitic  rocks  at  the  base  are  not  considered  as  Siluro-Devouiau. 

The  lower  division  consists  of  two  series:  First,  limestones,  felsites, 
etc.;  second,  gray  sandstones,  black  slates,  and  Bculoxylon  sandstones. 
These  arc  followed  by  a  series  known  as  the  '^Mispec  rock,"  consisting 
of  diorites,  conglomerates,  and  slates,  which  are  followed  by  the  green 
"Cordaite"  slates. 

The  authors  state  that  further  investigations  indicate  that  the  Nere- 
X)is  granites,  formerly  considered  as  Devonian,  must  be  regarded  as  of 
Upper  Silurian  age,  if  not  older. 

Mr.  Edward  Hartley  made  a  report^  of  a  part  of  the  IMctou  coal  field 
in  the  year  1870.  The  region  reported  upon  lies  '^  between  the  East  and 
West  Rivers  of  Pictou,  and  extends  laterally  from  Con<;^lomerate  ridge, 
a  prolongation  of  Fraser's  Mountain,  on  the  north  of  New  (ilasgow,  to 
the  Fox-brook  Road,  between  the  coal  mines  and  Hopewell  Village.'' 
The  rocks  are  di^^scribcd  under  the  following  divisions :' 

1.  Pre-Carbouiferoii8. 

2.  Millstone  grit. 

3.  Now  Glasgow  Couglomerato. 

4.  Productive  Coal  Measures. 

The  rocks  here  called  "pro-Carboniferous"  were  observed  by  Mr. 
Dawson,  and  in  his  "Acadian  Geology"  are  said  to  be  "probably  of 
Devonian  age."  The}'  consist  of  metiimorphic  rocks,  mainly  siliceous 
slates  and  conglomerates,  and  in  one  locality.  Waters'  Quarry,  a  lime- 
stone of  20  feet  thickness.  Comparing  his  section  with  the  classiiica- 
tiou  of  the  Carboniferous  published  in  Dawson-s  Acadian  Geology,  viz, 
"(5)  Lower  Coal  Measures,  (4)  Carboniferous  limestone,  (3)  Millstone 
grit  series,  (2)  Middle  Coal  formation,  (1)  Ui>pcr  Coal  formation,"  the 
author  considered  all  but  the  (3)  "Millstone  grit  series"  and  the  (2) 
"  Middle  Coal  formation"  to  bo  wanting;  and  in  some  places  he  found 
the  Devonian  rocks  followed  by  the  Middle  Coal  formation  without  even 
the  Millsone  grit. 

The  section  at  McLeod's  Brook*  represents  3,773  feet  of  sandstones 
and  c<.>nglomerate8  5  on  East  Kiver,  above  Albion  mine,  1,402  feet  of 
sandstones;  both  of  these  are  referred  to  the  Millstone  grit.  Impure 
limestone  beds  are  seen  in  the  lower  part  of  the  formation  in  the  East 


iJIftrtle}'.  Edward:  llt^port  on  a  pnrt  of  the  Pictou  cool  field.    Cool.  Survey  Canada;  Keportof 
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Kiver  Hi3Ctioti.  On  the  west  bank  of  Eaat  River,  at  New  Glasgow 
bridge,  occurs  the  New  Glasgow  conglomerate,  450  feet  thick.  The 
)>ebble8  are  of  Millstone  grit  and  Devonian,  and  iu  some  cases  the 
cementing  matter  is  calcareous.  A  section  of  these  conglomerates,  at 
Alma  Mills  bridge,  of  1,372  feet,  is  reported.  This  conglomerate,  inter- 
mediate between  the  Millstone  grit  and  the  Productive  Goal  Measures, 
is  the  base  of  Dawsoirs  Middle  Coal  formation.  Tracing  it  westwardly 
it  was  found  in  places  to  lie  directly  upon  altered  Devonian  rocks. 

In  describing  the  Productive  Coal  Measures  the  author  gives  a 
detailed  aecount  of  the  Measures  at  the  Albion  and  Acadia  mines,  in 
whi(*li  fourteen  coal  seams  are  mentioned,  the  total  thickness  of  the 
Albion  being  2,452  feet  11  inches.  To  show  the  variation  in  the  char- 
acter of  the  rocks  in  this  section  an  account  is  given  of  the  Forster  Pit 
section.  The  Productive  Measures  are  situated  between  three  faults: 
one  on  the  north  passing  through  New  Glasgow,  one  in  the  west  bring- 
ing die  Devonian  series  and  Millstone  grit  in  contact  with  the  Cosd 
Measures,  and  the  third  on  the  south  side  of  the  area.  In  this  area  are 
two  synclinal  fohls  running  in  an  east  and  west  direction,  and  desig- 
nated as  the  Albion  and  J>car  Creek  synclinals;  both  are  limited  by 
the  west  fault. 

Charles  Kobb,  in  187(V  *"«ide  a  report  on  part  of  New  Brunswick. 

The  Lower  (carboniferous  rwks  of  New  Brunswick  "lie  between  the 
southern  boundary  of  the  county  of  York  and  the  unconformable 
altered  slates  to  the  northwest."  They  consist  mainly  of  sedimentary 
deposits  derived  from  the  neighboring  metamoriihic  hills.  These  de- 
l)osits  are  oceasionally  invaded  by  igneous  intrusions.  The  sandstones 
are  of  a  reddish  color,  and  at  i>laees  contain  considerable  micac^'ous 
ami  calcareous  matter.  Tlie  author  considers  them  to  be  about  1,000 
feet  in  thickness.     No  fossils  were  observed. 

The  TpiKir  Con;xloinerate  eofisists  of  siliceous  material,  not  calcare- 
ous, followed  by  gray  sandstones  containing  CaJamifeH^  Cordaites^  and 
other  vegetable  remains,  with  an  occasional  seam  of  coal. 

Tiie  following  classilication  of  the  Pictou  coal  field  was  made  by  Sir 
William  K,  Logan  in  1870;=^ 

I'lti-ciiihoiiift'ioiiH  (ir  Drvoiiiaii..  ..1.  C'on^lonu'iatos,  (|ii.irt/ites,  aiul  compact  slat^^s. 

f  '2.  (iriMMiish  "iray  ami  Tvi\  ^alnNtnn^.*H,  wiili  conglumerates  aud impure 

t^    \  ^   'f  I      Jiiiu^ttnu'.M. 

CarboiiikTouM ; 

',].   KNmI  ci»arsi'  (.'oii;il<»iu<*ratos. 


I 


-1.  l*ruiliii:tivc  Coal  Moa.siirert. 


The  rocks  of  the  lirst  series  form  parts  of  IMcOregor's  and  McLellan'tf 
Mtmntains,  The  author  (tailed  them  **pre-('arl)oniferous,"  and  assigned 
them  to  the  Devonian  age  on  the  authority  of  Mr.  Dawson,  who  gave 
them  that  position  in  his  *'Acadian  Ceology.'-     The  author  considercii 


'  Kiihli.,(.'linrl««'«:  K»  jun  I  on  thi' ;;<»nl(»^y  of  a  part  ol  Xi-w   liiiiriHwitk.    ilt'ol.  Survey  of  Canatltj 
Kt'Iiuit  1)1  rrouri'MM  loi  IH0»;-I8r.9.  pj*.  173  'Ji"J.  map. 
'Locnn,  W.E.:  JiVport  on  a  pail  of  th^  IMctou  coal  furkl.    (i col.  Survey  of  Caundu;  Keport  of  Prog* 
TMB  lor  1860-186'J,  J87l»,  pp.  3-17,  map. 
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them  as  preOarboniferoas,  bat  foand  no  direct  evidence  of  their  age. 
He  identified  them  as  occupying  the  same  place  in  the  series  with  simi- 
lar  rocks  reported  on  the  west  side  of  East  Biver  by  Mr.  Hartley. 

The  second  series,  which  he  identified  with  the  ^^  Millstone  grit"  of 
Dawson's  Acadian  Otology,  and  with  ^^  Bonaventare  formation "  of 
6asp4y  and  the  '^Millstone  grit"  of  England,  occors  on  the  east  side  of 
East  Biver  in  a  triangular  area,  and  near  the  foot  of  Eraser's  Moun- 
tain. Thin,  impure  limestones,  carrying  fossils,  among  them  Spirorbis 
carbonariusj  were  noted  at  McLellan's  Brook.  For  this  formation  he 
proposed  the  name  ^'  Orindstone  grit." 

The  third  series,  named  by  Dawson  the  ''  New  Glasgow  Conglomer- 
ate," has  a  total  thickness  of  1,600  feet.  It  covers  the  south  flank  of 
Eraser's  Mountain.  In  a  white  arenaceous  limestone,  3  miles  eastward 
of  New  Glasgow,  occurring  in  the  midst  of  a  series  of  sandstones, 
shales,  and  other  concretionary  limestones,  was  discovered  a  number 
of  minute  coiled  shells,  referred  to  a  new  species  of  Spirorbis^  and  de- 
scribed by  Dawson  under  the  name  of  Spirorbis  arietina. 

The  fourth  series,  the  ^'  Productive  Goal  Measures,"  is  well  repre- 
sented by  a  section  along  McLellan's  Brook,  between  McLellan's  and 
McGregor's  Mountains,  but  the  upper  part  of  the  series  is  not  shown  in 
this  section. 

In  1871  Prof.  Hitchcock  ^  announced  the  discovery  of  Helderberg  corals 
in  Littleton,  New  Hampshire.  The  limestone  containing  the  corals  was 
traced  for  about  3  miles,  and  appeared  to  be  duplicateil  by  a  synclinal 
fold.  It  overlies  the  metamorphic  Quebec  group  on  one  side,  and 
probably  the  Coos  group  on  the  other,  and  appears  to  be  overlaid  by  a 
clay  slate  carrying  a  few  worm  trails.  The  corals  were  obscure,  and 
were  submitted  to  the  examination  of  E.  Billings,  of  Montreal.  He 
recognized  Favosites  basilica  and  a  Zaphrentis.  The  rock  appeared  to  be 
identical  with  the  Canadian  limestone  55  miles  to  the  northwest,  sup- 
posed to  range  from  the  Lower  to  the  Upper  Helderberg. 

Messrs.  Bailey  and  Matthew,  in  1872,^  presented  their  preliminary 
report  on  the  geology  of  southern  New  Brunswick.  In  this  article  the 
Devonian  rocks  of  St.  John  County,  New  Brunswick,  are  described 
under  the  following  classification : 

Bloomshury  conglomerate.— Coikne  roddish  gray  rock,  red  ehales  interstratified; 
thickness  500  feet. 

Dadoxylon  «and«/aiie.— Sandstone  and  grit8|  with  dark  green  shales;  3|800feet; 
coDtainiDg  fossils,  plants,  cmstaceai  and  wings  of  insects. 

Cordaites  ehales  andflage, — Two  tbonsand  four  liandred  feet,  containing  nameroiu 
plant  remains. 

Miepto  conglomerate.— One  thonsand  eight  hundred  feet. 

The  Devonian  rocks  of  Lepreau  Harbor  are  separated  from  those  of 


1  Hltchoook,  C.  H.:  Helderberg  Corali  in  New  HampBhire.  Am.  Joar.  Sot.,  3d  serlea,  vol.  2, 1871,  pp. 
148,149. 

'Bailey,  L.  W..  and  Matthew,  G.  F.:  Preliminary  report  on  the  geology  of  soatheni  New  Branawick. 
Qeol.  Survey  Canada :  Report  of  progreaa  for  1870-71, 1872,  pp.  13-240. 
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St.  Jobii  Harbor  by  a  ridge  of  Lanrentian  gneiss.  A  similar  division 
was  also  noted  east  of  tbe  same  liarbor.  <^  The  northern  limit  of  Devo- 
nian rocks  in  the  eastern  part  of  St.  John  County  may  be  traced  from 
Carleton  Heights  across  the  harbor  of  St.  John,  through  the  souihem 
part  of  the  city  of  the  same  name."  They  occur  again  at  Little  Biver, 
and  farther  west  at  Black  Hiver,  near  Bloomsbury  Mountain ;  thence 
south  to  Milligan's  Lake,  thence  northeast  toward  Qnaco  Hills.  In 
the  western  part  of  St.  John  County  they  overlie  the  Laurentian  and 
Hurouian  series,  but  occupy  only  isolated  patches,  which|  however, 
have  been  traced  as  far  east  as  Charlotte  County. 

Keference  was  also  made  to  the  occurrence  of  sedimentary  rocks  *'at 
Oak  Bay  and  in  the  Ncrepis  Hills,  which  may  correspond  to  the 
^Dadoxylon  sandstones'  of  St.  John  County."  Also  in  northwest 
Charlotte  occurs  a  series  of  argillitcs  and  sandstones  resembling  in 
appearance  the  '^Cordaites  group'*  of  St.  John  County,  but  including 
a  greater  thickness  of  arenaceous  beds. 

The  "  Perry  sandstone  group,"  which  is  typically  represented  at 
Perry,  Maine,  is  also  seen  at  St.  Andrews,  New  Brunswick.  Although 
this  sandstone  contains  plants  of  the  Upper  Devonian  type,  the  author 
is  inclined  to  consider  it  as  lying  at  or  near  the  base  of  the  Lower  Car- 
boniferous, and  characterized  by  an  Ui>per  Devonian  flora.  Similar 
conditions  were  also  noted  at  Point  Le[)reau.  The  author  gave  a  list 
of  the  fossil  plants  found  in  the  Perry  sandstone. 

The  "  Lower  Carboniferous  rocks  "  of  eastern  and  central  New  Bruns- 
wick occupy  the  Belleisle  and  Kennebeccasis  Valleys,  Kings  County, 
extending  along  Petitcodiac.  IJiver  through  Albert  and  ^yestnloreIand 
Counties,  around  the  niaigin  <>r  the  central  coal  field,  through  Queen's, 
York,  Northumberland,  and  Gloiujester  Counties  to  Bay  Chaleur. 
Isolated  areas  also  occur  in  Victdria  and  ('arleton  Counties.  The 
'*  Carboniferous  rocks"  proper  occHi)y  by  far  the  largest  territory  of 
any  series  in  New  Brunswick.  Tiiey  cover  the  counties  York,  Queen's, 
Sunbnry,  Kent,  and  Nortljiunberland.  Tlieir  jnost  northerly  limit  is 
at  Bathurst,  Bay  of  Clialeur,  tlie  most  southerly  at  Shediac,  West- 
moreland County.  They  (consist  mainly  of  sandstones,  shales,  and  con- 
glomerates of  gray  color  and  coanse  texture.  A  list  of  the  fossil  plants 
of  this  series  was  also  given. 

Mr.  L.  W.  Bailey,*  in  1S72,  recorded  the  occurrence  of  undoubted 
Carboniferous  rocks  bearing  i)lants  in  the  eastern  i)art  of  Kings  County 
belonging  to  the  Ui)per  or  Middle  formation.  There  is  also  evidence 
of  nonconformity  between  the  Coal  Measures  and  the  Lower  Carbonif- 
erous formation. 

Mr.  Charles  Bobb,^  in  1872,  reported  that  the  (-arboniferous  rocks  of 
northwestern  New  Brunswick  consist  mainly  of  arenaceous  shales  and 


•  IJailoy,  L.  W.:   lli]Mir(  on  iiiMWosriral  invisli^.iliiuiH  in  Xrw    Hi  uiiswji.k.    (leol.  Survey  CoDiUla: 
Keport  of  proprt^a  l»r  1K71  -72.  lh?2,  pp.  1 12-1 14. 

'Hohh,  CharleH:    Sui»pl«nu»Ltniy  ri'port  on  the  pcolopy  ul"  Xorllrv»;hU  in  Nt-w  Brunswick.    GeoL 
Surrey  C'aaadJi:  Ki-port  of  proKrosa  for  Ih'O-'Tl,  \V\'l,  VV- -^"^  "-^^^- 
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gray,  yellowish,  and  purple  saDdBtone,  180  feet  thick.  They  are  locally 
calcareous  and  arenaceous.  Southwest  of  Miramiche  Biver  the  cal- 
careous conglomerate  is  mnch  disturbed  by  eruptive  masses.  Kefer- 
ence  is  also  made  to  the  Brighton  outlier,  which  is  situated  between 
the  north  and  south  branches  of*  Beccaguimac  Biver,  and  contains 
Devonian  plants.  Although  fossils  of  Devonian  type  have  been  found 
in  this  formation,  in  its  physical  characters  it  resembles  the  Lower 
Carboniferous  rocks.  Other  small  areas  were  noted  to  the  northwest 
in  Windsor  Settlement. 

Dr.  Dawson  reports  the  following  correlation  and  classification  for 
Canadian  Carboniferous  rocks  in  1873 :  ^ 

The  Carboniferous  rocks  of  Canada  lie  unconformably  upon  the  De- 
vonian and  Upper  Silurian  formations.  The  author  classifies  them  as 
follows : 

(1)  Horton  Bluflf  series,  or  Lower  Carboniferous  Coal  Measares,  consistiDg  of  hard 
Bandstoncs,  calcareons  sbalos,  with  conglomerate  and  grit,  bitnminons  shales,  and 
nnderclays,  with  plants  and  coal  seams,  with  fishes  and  footprints  of  Batrachians. 

(2)  Windsor  serieSi  or  Lower  Carboniferous  limestone  and  gypsiferons  beds; 
marine  and  holding  shells  of  the  Lower  Carboniferous  i>eriod,  containing  limestones* 
marls,  clays,  and  gypsum. 

(3)  Millstone  grit  scries,  consisting  of  conglomerate,  shales,  sandstone,  and  thin 
bodH  of  coal,  containing  Naiadites.    Thickness  5,000-6,000  feet. 

(4)  (a)  Middle  coal  formation,  and  the  (d)  upper  or  newer  coal  formation. 

The  Lower  Carboniferous  deposits  of  Gasp6  and  Bay  Chaleur,  New 
Brunswick,  consist  mainly  of  sandstones  and  conglomerate,  with  few 
fossils,  while  in  southern  New  Brunswick  the  bituminous  shales  attain 
a  great  thickue»s,  as  also  does  the  Millstone  grit.  On  Salmon  Biver, 
West,  East,  and  Middle  Kivers  of  Pictou,  the  Millstone  grit  consists 
of  chocolate  sandstones  and  shales  holding  plants.  Beneath  the  Mill- 
stone grit  of  Pictou,  known  as  the  "  New  Glasgow  Gonglomerate," 
occurs  a  hard  sandstone  holding  fossils,  which  Mr.  Dawson  regarded 
as  of  Devonian  age. 

The  author  gave  the  following  list  of  equivalents  of  the  divisions  pro- 
posed for  theCanadiiin  rocks,  viz: 

I. — EijuivaJent8  of  the  Loxcer  Carhoniferoua  Coal  MeasureSy  or  Horton  series: 

(1)  The  "Vespertine  group'*  of  Rogers  in  Pennsylvania. 

(2)  The  **  Kinderliook  group''  of  Worthen  in  Illinois. 

(3)  The  "Marfihall  group"  of  Winchell  in  Michigan. 

(4)  Tho  *•  Wavcrly  sandstone"  (in  part)  of  Ohio. 

(5)  Tho  "  Lower  or  False  Coal  Meiisures"  of  Virginia. 

(6)  The  *'Caltiferous  sandstone"  of  McLaren,  or  **Twcedian  group"  of  Tate  in 

Scotland. 

(7)  The  "  Caihoniferous  slate"  and  "Coomhala  grits"  of  Jukes  in  Ireland. 
(H)  The  "  Culm  "  and  "  Culm  (Jrauwacke  "  of  Germany. 

(9)  The  '•  Grauwacko"  or  "Lower  Coal  Measures"  of  the  Voeges,  as  deaorihed 
by  Schimpcr. 

Daw-boii,  J.  W. :  Introiliictory  Hkctch  of  tlie  f;eoIoj:y  of  tho  Lower  CarboniforousCuftl  Measares.  and 
MilNtoiio  L'rit,  with  tho  otiiiivalont  fnmiationH  abroad.  Gool.  Survey  Caaada :  Report  on  FomU  Plants 
of  tho  Lower  Curbuuifoioiu  aud  MilUtouo  {j;Tit  of  Canada.    Montreal,  1873.    Pp.  ^li. 
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1.^ Equivalent  of  the  Lower  Carhoniferoui  Coal  Meoiurea,  or  Horton  »erit» — Continued. 
(10)  The  '< Older  Coal  formation''  as  described  by  Eiobwald. 
(11;  The  so-called  '*  Ursa  Stage  "  of  Ileer  includes  this,  bat  he  has  united  it  with 
Devonian  beds,  so  that  the  name  can  not  be  used  except  for  the  local  de- 
velopment of  these  beds  at  Bear  Island,  Spitzbergen. 
II. — EqnivnUnU  of  the  MilUtone  grit  are : 

(1)  The  *<  Serai  Cuuglomerate  "  of  Rogers  in  Pennsylvania,  ete. 

(2)  The  "Lower  Coal  formation/'  '< Conglomerate,"  and  '' Chester "  gfonps  of 

Illinois  (Worthen). 

(3)  The  '*  Lower  Carboniferous  sandstone  "  of  Kentucky,  Alabama,  and  Virginia. 

(4)  The  "Millstone  grit  and  Yoredale  rocks"  of  North  England  and  the  *'  Colm- 

iferons  rocks  "  of  Devonshire. 

(5)  The  *'  Moor  Rock  "  and  **  Lower  Coal  Measures  "  of  Scotland. 

(6)  "  Flagstones  and  lower  shales  "  of  the  south  of  Ireland  and  **  Millstone  grit" 

of  the  nortli  of  Ireland. 

(7)  The  "  Jungste  Grauwackc"  of  the  Hartz,  Saxony,  and  Silesia. 

The  author  also  gave  a  short  account  of  the  distribution  of  the  Oar- 
bonifcrous  rocks  in  Nova  Scotia  and  New  Brunswick.  The  equivalent 
of  the  '^  Millstone  grit"  of  Logan's  section  at  "the  Joggins"  has  a 
thickness  of  5,972  feet.  This  scries  is  also  found  on  the  flanks  of  the 
Cobequick  Mountains,  and  running  eastward  connects  with  the  Picton 
coal  fields.  Anotlier  noted  area  lies  south  of  Mira's  Basin,  which  is 
called  the  "  Horton  Blufit'  series,"  and  similar  outcrops  were  noted  at 
Walton,  Noel,  Windsor,  and  Shubenacadie. 

The  '<  Millstone  grit  series"  is  also  well  developed  on  Salmon  Biver, 
West,  East,  and  Middle  Rivers,  Picton.  Beneath  it,  in  Pictou  Oounty, 
occur  hard  sandstones  holding  obscure  plants  which  the  author  regards 
as  of  Devonian  age.  Carboniforous  rocks  similar  to  those  of  the  "  Hor- 
ton Bluft' group"  were  noted  in  Antigonish  County,  and  also  in  Cape 
Breton. 

Mr.  Alexander  Murray  reported  in  1873^  that  the  boundary  of  the 
Carboniferous  area  of  Newfoundland  "  may  be  traced  from  a  little  north 
of  Cape  Kay  along  the  northwest  Hank  of  the  Long  Eange  of  Laurentian 
Mountains  ui)  to  the  head  of  St.  (Jeoige's  Bay,  where  it  was  sux)posed 
to  cross  over  and,  making  a  further  strotcli  beneath  the  marshes  to  the 
north,  linallyHweeps  around  in  a  westerly  direction  and  crosses  Harry-s 
J>rook  below  Spruce  Brook,"  where  it  rests  on  Lower  Silurian  rocks. 
Jt  is  there  interrupted  by  the  Indian  Head  range,  but  farther  west  it 
again  comes  to  view  on  the  coast  of  Tort  a  Port  Bay,  Long  Point,  and 
in  the  valley  of  the  Coal  Kiver.    The  total  thickness  is  about  6,450  feet 

Messrs.  Matthew,  Bailey,  and  Ells  reported^  that  the  Carboniferous 
rocks  of  Queens,  Sunbury,  and  part  of  York  Counties  are  to  be  consid- 
ered under  three  main  divisions:  <*(!)  Lower  Carboniferous  formation; 
(2)  Middle  Carboniferous  formation;  (3)  Upper  Carboniferous  forma- 


'Murray,  Aloxaiulcr:  Tlu!  Cail»onif«;rouH  nerifH  i»f  NcwiouiidhtiKl.  (Ji-ol.  Survey  Newfoundland: 
liepctrt  of  lao^rcss  fur  1H7:{.     M-uitnal.  1K7:{.     I'p.  14  ii;'*.  IL'. 

*  lUiloy,  L.  W.,  (i.  h\  Matthew,  juul  i:.  W.  lllls.  li«'j»i»rt  on  tlii»  Cail>onif«Ton«  Hyrttom  of  Ni»w 
BriMiNwiok,  iu  tln^  ooiintii'd  of  Qu«eii.s.  SunlmrN,  and  a  iiortion  of  Vurk.  Geol.  Suivey  of  Canada: 
Roi»orl  of  piofiress  for  1S72  '73,  1673,  pp.  InO  230. 
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tioD."  In  additioQ  to  the  general  outline  and  distribution  of  tliis  series 
of  deposits  previously  described  ^  the  authors,  as  the  result  of  more 
recent  studies,  remarked  that  the  Lower  Carboniferous  rocks  of  the 
coast  series  show  many  important  differences  from  the  same  deposits 
of  the  above-named  counties.  The  gray  Carboniferous  rock  of  Daw- 
son's ^^  Lower  Coal  Measures,"  though  seen  in  the  Eenuebeccasis  Valley, 
is  not  known  in  the  central  Carboniferous  area.  The  limestones  so  pro- 
minent in  Nova  Scotia  are  much  limited  to  small  areas  in  New  Bruns- 
wick. But  the  ^^red  sandstones  and  conglomerates"  are  numerically 
prominent  in  both  provinces. 

After  giving  a  full  account  of  the  distribution  and  physical  charac- 
ters of  the  Lower  Carboniferous,  the  authors  treated  of  the  Middle  and 
Upper  Carboniferous  series  of  the  same  region  in  the  same  manner,  de- 
scribing numerous  areas  and  giving  sections  of  the  same,  together  with 
notes  on  the  fossil  remains.  The  total  thickness  of  the  middle  and 
upper  formations  is  about  GOO  feet.  The  total  area  of  the  same  is  about 
28,540  square  miles.  One-third  of  this  area  is  covered  with  coarse  gray 
l>eds  forming  a  part  of  the  "Middle  Carboniferous  formation."  The 
total  area  of  coal  seams  is  about  112  square  miles.  This  area  is  proba- 
bly much  larger  than  the  above  estimate. 

Mr.  Charles  Robb,-  in  1873,  reported  that  the  Sydney  coal  field  covers 
about  200  square  miles.  It  is  bounded  by  th  e  Atlantic  coast  on  three 
sides,  and  on  tlie  fourth  (southwest  side)  by  Lower  Carboniferous 
rocks. 

Messrs.  Huntington  and  Ilitchcock,^  in  1873,  reported  that  the  fos- 
siliferous  rocks  of  northwestern  Maine  were  lirst  noticed  by  Dr.  Jack- 
son,  near  Parliu  Pond,  and  bowlders  of  this  formation  were  found 
scsittered  to  tlie  sautli  as  far  as  the  mouth  of  Kennebec  River.  Fossils 
were  also  noticed  at  Lake  Brassua.  The  fossils  obtained  were  recog- 
nized by  Billings  as  characteristic  of  the  Oriskany  sandstone,  and  sub- 
sequently the  Cauda-galli  grit  was  recognized  on  the  shores  of  Moose- 
head  Lake. 

In  concluding  the  authors  observed  that:  (1)  The  Oriskany  sandstone, 
which  can  not  be  triujed  toward  the  White  Mountains,  was  elevated 
before  the  depositiim  of  the  Devonian;  (2)  the  thickness  of  the  Oris- 
kany is  five  times  that  represented  in  Pennsylvania,  about  2,000  feet; 
(3)  the  discovery  of  Ilelderherg  limestone  in  new  localities  indicates 
an  extended  submergence  of  eastern  America  in  Upper  Silurian  and 
Middle  Devonian  times. 

Mr.  Charles  Ilobb,*  in  1874,  attemjited  to  clear  up  some  of  the  dilli- 

'  Bailey.  Jj.  \V'.,  (».  F.  M:ittli«.w.  and  II.  W.  KlU :  Koimrt  on  tlio  Carbon ifcrouti  HVBtcni  of  New 
nniuswick,  in  t1i«>  rounri>-<4  of  (^)iitM-nH.  Snnbttry,  ami  a  jiortiou  of  York.  Geol.  Survey  of  Canotla: 
i:«]>ort  of  pii.pn-srt  for  187-i-'73,  1S73,  iip. 201-200. 

'  Koltb,  Cliarli-H :  iiCpoii  on  tlio  coal  luinoti  of  tho  eu8torn  or  Sydnoy  roal  field  of  Capo  Breton,  Nova 
Scotiu.    G««ol.  Surviy  Canada :  Koport  of  pn)f;roy»a  for  1872-'7;i,  1873,  pp.  238-21H).     Map. 

'  Ilitclioock,  (.!.  II.,  auilJ.  II.  llantiDf^ton:  Geology  of  tiw  uortliwcMt  part  of  Maine.  Am.  Aiutoc., 
Proc.,  vol.22. 1873.  part  2,  pp. 205-214. 

-*  Itobh,  Charli'H  :  lieiMivt  on  t:\plonition8  and  HurvoyH  in  Capo  itrotou,  Nova  Scotia.  Uool.  Survey 
Canada :  Keport  of  yroKroM  for  1873-*74,  1874,  pp.  171-17tJi. 
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culticft  in  regard  to  the  relation  of  the  members  of  the  Productive  C^oal 
Measures  in  various  parts  of  the  Sydney  field.  Accordingly  a  section 
extending  from  the  supposed  Uuiit  of  the  Lower  Carboniferous  forma- 
tion at  Point  Edwanl  and  Sydney  to  its  base  is  indicated.  The  rocks 
consist  of  red  and  gray  shales,  with  marls  containing  nodules  of  lime- 
stone and  iron  ore.  The  limostonos  oftcMi  hold  marine  fossils  of  Lower 
(Carboniferous  types,  also  plant  ronmins,  fish  scales,  teeth,  spines,  and 
coprolites.  The  estimated  thickness  is  about  4,637  feet.  On  the  shore 
o])posito  Point  Edward  the  rocks  are  of  the  Millstone  grit, formation. 
These  rocks  rest  upon  massive  beds  of  conglomerate  and  sandstone, 
which  are  prominent  in  Cape  Breton  coal  fields.  In  constructing  sec- 
tions of  a  minute  character  the  author  finds  that  the  difliculties  are 
caused  by  faulting.  The  rocks  at  Great  Hras  d'Or  entrance  appear  to 
be  analogous  to  the  Millstone  grit  of  the  English  coal  fields,  consist- 
ing of  sandstones  highly  colored  by  oxide  of  iron,  and  occasionally  a 
bluish  gray,  slialy,  and  bedded  limestone. 

In  Mr.  Brown's  section,  on  the  northwest  of  Sydney  Harbor,  the  coal 
seams  ai)pear  to  run  into  the  Millstone  grit. 

Mr.  Scott  Barlow,*  in  1874,  re])orted  that  the  rocks  of  the  Spring  Hill 
coal  field  of  Nova  Scotia  consist  mainly  of  alternate  beds  of  sandstones, 
blue  argillaceous  shales,  fire  clays,  and  coal  seams.  On  the  west  slope 
of  the  Spring  Hill  Mining  Company  a  section  was  run  having  a  total 
thickness  of  51G  feet,  about  V2  feet  of  which  are  coal  seams.  A  section 
is  also  given  to  the  north  of  Spring  Llill  Mining  Company's  west  slope, 
which  has  a  total  thickness  of  018  feet  11  inches,  of  which  25  feet  are 
coal  deposit^s.  The  characters  of  the  roeks  are  similar  to  those  of  the 
former  section.  In  the  Old  Pit,  belonging  to  the  same  association,  the 
same  j)hysical  characters  alroady  mentioned  are  maintained,  the  total 
thickness  found  at  this  point  being  ()2-4  feet  0.^  inches,  30  feet  of  which 
are  coal  scams. 

Mr.  Walter  McOuat,-  in  1S74,  reported  on  the  coal  fields  of  Cumber- 
land County.  The  section  sj>ecially  examined  by  the  author  extends 
from  the  Chiegnecto  and  St.  (leorge  Mines  to  the  i>ost-road  from  Am- 
herst to  Truro.  As  a  result  of  his  observations  the  following  classifi- 
cation was  arrived  at,  exclusive  of  the  Lower  Carboniferous  rocks,  as 
seen  at  Black  River,  given  in  descending  order: 

Feet. 

1.  MillstoiH'  «^rit,  rod  sliaK*,  llajrji.v  M.'in(Nt<)iio  (liiay  nnd  ^lofuish) 1,HIH> 

2.  Coiijxlomor.'itc,  coarse  samlsiono,  n»(Mish  and  brwwnislj  slialcM 1,500 

'X  Middle  coal  format  ion,  gray  sand.slonr  and  .slialr,  probably  tln'  same  an  at 

tho  Jogj^inH 4,  r»00 

4.  Upi>or  C<»al  Mt?asnr('.s,  jjray  sandstone  witb  InNr  IxMldini: l,iHK» 

5.  lied  slialc,  ^in-rnibh  sandstone,  con«;lomeraie,  and   an'na<eons  gray  limc- 

Ktono r»,(X)0 

Total i:^,lHK) 

'  Hiirli»w,  Sciitt  :  IJr]»oit  mi  tliofxplnratiiiii  ami  Mirvov  i.f  tin-  Spiiu-    Kill   i-nal  rii-hl,  Cuiiilierland 
fV;wzify,  JsoNn  Sr.iitia.      (nol.  Siirvt-y  (!aiia<la  :   lii]niit  of  iiiii::r«  hm  f«M  1>7  i    74.  1 -71.  j)]».  117  160.     Mup. 
'MfOnnt.  Wnltrr:  Jirporl  on  a  j)ortvtmiir  tin' roal  lii-liloi'  (■iiihIh'tIhuI  <'niiiit.\.  Nova  Si'-utia.    Geol. 
Sur\ryCnuada;  iCt'jiorl  of  pru;;ru4A  fur  liisTi-'IA,  \H";\,  w.  \viV-\".vi.    ^^v. 
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Dr.  Dawson,'  after  giving  varioas  views  that  have  been  held  in  regard 
to  the  rocks  of  Prince  Edward  Island,  in  1874  declined  to  separate  the 
''Red  beds"  of  the  lower  series  from  the  ^' newer  coal  formation." 
Prof.  Geiuitz,  however,  thinks  that  tiie  fossils  show  ^^a  decidedly  Per- 
mian aspect."  The  anthor,  after  a  more  extended  examination  of  the 
rocks  of  East  liiver  of  Picton,  and  in  sections  west  of  Caribou  Har- 
bor, conclades  that  **  the  beds  which  overlie  the  coal  field  of  Picton 
and  extend  into  Prince  Edward  Island,  and  which  constitute  tho  up]>er 
part  of  the  upper  coal  formation,  have  such  strong  points  of  resem- 
blance to  the  lower  part  of  the  European  Permian  that  they  may  be 
called  "Perrao-Carboniferous." 

In  1876  Mr.  Charles  llobb  reported  upon  the  area  recently  exi)lored 
by  him,  lying  along  the  Atlantic  coast  and  including  Cow  Bay,  Olaci^ 
15ay,  Sydney  ITarbor,  and  Bras  d'Or  basins.  The  rocks  are  referred  to 
tho  following  formations: 

I.  Carbouiferous  ILiiicRtono. 
II.  Millstoni^  'rrit. 
III.  Coal  Measures. 

Tlie  section  of  Sydney  ITarbor  extending  from  South  Bar  to  Sydney 
has  a  total  thickness  of  870  feet  7  inches,  and  is  a  continuation  of  the 
"Millstone  grit  series"  from  Victoria  Mines  to  South  Bar,  Sydney 
Harbor,  having  a  total  thickness  for  the  Millstone  grit  of  3,275  feet. 
The  rocks  consist  mainly  of  fine  and  coarse  sandstones,  marls,  and  lime- 
stones, micaceous  sandstones,  and  bituminous  calcareous  limestones, 
containing  JSigillaria,  Lepidodcndronj  fish  scales,  and  yaiadites. 

The ''  Lower  Carboniferous  rock  "  from  Point  Edward,  Sydney  Harbor, 
to  Morrison  Brook,  consisting  of  yellow  micaceous  sandstones,  red  and 
green  marls,  calcareo-bituininous  shales,  and  thin  arenaceous  lime- 
stones, has  a  total  thickness  of  4,591  feet  10  inches.  ISigiUarm  and 
Jjcpidodcndron  were  found  in  the  shales,  whWe  Braohlopodsiiud  Encrinites 
api)eared  in  the  bluish  gray  limestones. 

The  section  of  "Millstone  grit"  from  South  Head  to  Mira  Bay  has  a 
total  thickness  of  5,7(M)  feet  8  inches.  The  rocks  are  of  the  same  char- 
acter as  in  the  section  given  above.  The  Millstone  grit  of  North  Head, 
Cow  r>ay,  is  537  feet  7  inches  in  thickness.  Plant  remains  occur  in  the 
shales,  mainly  (Jordaifes,  Atitcrophyllifen,  Xenropferis,  Stlgniaria. 

The  section  of  Millstone  grit  from  Stubbart  Point  to  Limestone  Creek 
has  a  total  thickness  of  4,228  feet  5  inches.  The  rocks  have  the  same 
physical  characters,  except  that  the  coarse  conglomerates  are  more  fer- 
ruginous than  in  other  sections.  Coal  seams  were  noted  in  the  North 
Head  section,  varying  from  a  few  inches  to  8  feet  in  thickness;  the 
latter  includes  18  in(?hes  of  superior  coiii.  The  Millstone  grit  between 
Lorway  and  Sydney  FTarbor,  consisting  of  argillaceous  sandstones, 
shales,  and  thin  coal  seams,  ha.s  a  thickness  of  2,010  feet  2  inches. 

'Dawson,  J.  W. :  On  tlio  Upiior Conl  Forniution  of  U.idtiTn  Xovti  Scotia  and  Priiico  Eilwurtl  Inland 
in  its  ii'liitiou  to  Xhv  IVriiiian.    Quart.  Juur.  Gool.  Soc,  vol.  30,  pp.  'JOO-210  v  C^\i^\«A\'S>3kX..^^t\.'\A'^V 
new  ser.,  pp.  303, 3U4. 
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No  definite  division  line  is  drawn  between  the  Goal  Measnres  (III) 
and  tlie  Millstone  grit.  The  limit  of  the  Coal  Measnres  iu  the  south, 
however,  <Ms  indicated  by  the  occurrence  of  angular  blocks  of  coarse 
sandstone  scattered  over  the  surftice.  The  rocks  consist  of  argillaceous 
shales  containing  numerous  fossil  plants,  and  even  large  tree  trunks;  red 
and  green  marls  containing  a  few  plant  impressions  and  Naiadiies;  sand- 
stones, probably  derived  from  the  underlying  Millstone  grit,  containing 
casts  of  CalamitcSj  CardaiteSj  Sigillariaj  etc^  and  forming  the  most  per- 
sistent member  of  the  series;  and  lastly,  uuderclays  charged  with  8tig- 
maria  ficoidesj  and  limestones  full  of  organic  remains,  of  which  there  are 
some  sixteen  Layers,  with  thickness  varying  from  one-half  inch  to  2  feet." 

The  fossils  of  the  limestones  are  similar  to  those  of  the  Joggins  sec- 
tion,^ and  are  of  the  genera  NaiadiUs^  Cythere,  and  Spirorbis. 

The  total  thickness  of  the  coal  seams  in  the  difiereut  subordinate  coal 

basins  is  as  follows :' 

Ft.  in. 

Cow  Bny  coal  bosiu • 27  5 

Glac6  Bay  basin 39  6 

Luigan  tract 47 

Sydney  mines 1^0  5 

nonlardrie 28  S) 

Capo  Danphiu 15  5 

In  1S77,  Mr.  Uugh  Fletcher^  reported  on  explorations  made  by  him 
in  Cape  Breton. 
The  Carboniferous  rocks  referred  toin  his  report  are  divided  as  follows: 

1.  Cai'l.ionifcrous  conglomerates. 

2.  Carboniferous  limestone. 

3.  MillHt4)ue  grit. 

The  ♦'Carboniferous  conglomerate,"  which  the  author  considers  as 
corresponding  to  the  *^  Honaventiire  formation"  of  (Jaspt*,  is  the  **  Basal 
conglomerate"  of  New  Brunswick  and  Newfoundland,  rests  upon  the 
Lower  Silurian  slates  Jind  sandstones,  and  lias  near  the  Coxheath  Dills 
a  vertical  thicknCvSs  of  1,800  feet  11  inches,  while  from  Watson  Creek 
to  the  above  hills  it  attains  a  thicikness  of  2,5i*5  feet,  maintains  its  gen- 
eral character  of  brick-red  color,  and  is  somewhat  friable.  It  consists 
of  reddish,  micaceous,  friable,  and  argillaceous  sandstone,  with  bands  of 
marl  intermixed,  reddish  friable  conglomerate  with  interstratitied  fine- 
grained i)ebbly  sandstone. 

No  distinct  line  can  be  drawn  between  the  conp^lonierate  and  the  lime 
stone.     The  latter  occupies  a  narrow  strip  along  Sydney  Kiver,  widens 
toward  Point  Edward,  extending  into  the  valleys  of  Ball  and  Leitch 
Brooks.     A  section  of  this  formation  from  the  banks  of  the  Sydney 
Iviver  is  given.    The  maximum  thickness  is  1,041  feet,  G  inches. 

•  Soc  Ariullan  (Jooloiry.  pp.  173  181. 

'Rubb.  Charlt'.s:  Jt<'])«>rt  on  oxplorat'umH  and  8i>rve>'R  in  Capo  Bivton,  Xova  Sc-otia.    (Jeol.  Siirvoy 
of  Caninhi:  IIoi»<ut  of  proj:n»8rt  for  li<71-'75.  1876,  pp.  IGG  UOO,  map. 
^Fletcher,  Jliifjli:  Kf/»ort  of  oxploratbniH  anil  survoys  iu  Capu  Brett»u.     Gool.  Survey  Canada:  Ro- 
port  of  i,ioi;ieii»,  1875— '76, 1877,  pp.  309-418.  map. 
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In  the  Millstone  grit,  oonsisting  of  two  synclines,  and  underlying  the 
Goal  Measures  to  the  west  of  Sydney  Harbor,  no  workable  seams  of 
codl  have  been  discovered.  The  rocks  consist  mainly  of  greenish  gray 
and  white  pebbly  sandstone,  sometimes  falsely  bedded  with  small  areaa 
of  conglomerate  containing  Calamites  and  other  plants. 

Mr.  L.  W.  Bailey  and  Mr.  B.  W.  EIls,^  in  1878,  reported  on  the  Car- 
boniferous belt  of  Albert  and  Westmoreland  Counties,  New  Brunswick. 

The  formations  of  this  area  are  divided  as  follows : 

1.  Metamorphio  rocks  of  pre-CarboniferouB  age  with  intrnsive  syenite. 

2.  Lower  Carbonifi  rons  formatioDi  inclnding  the  **  Albert  shales." 

3.  Millstone  grit^  formation,  or  lower  member  of  the  Carboniferoas  system. 

The  **  Lower  Carboniferous  rocks  ^  of  Albert  County  are  but  the  ex- 
tension of  those  in  Kings  County,  where  they  are  followed  by  patches  of 
unconformable  gray-rock  of  the  Millstone  grit  series.  The  section  in 
Albert  County  consists  of:  (1)  The  "  Basal  Conglomerate,''  which  is 
sometimes  wanting  (thickness  unknown) ;  (2)  calcareous,  bituminous 
shales,  including  the  ^'Albert  shales;"  (3)  gray,  bituminous,  and  mi- 
caceous oil-bearing  sandstone;  (4)  red  and  gray  argillaceous  beds, 
alternating  with  conglomerates;  (5)  red  and  gray  conglomerate,  lime- 
stone, and  gypsum ;  total  thickness,  1,950  feet. 

Sections  are  also  given  from  Pollet  River,  Mapleton,  Baltimore,  Al- 
bert mines,  Belivean,  and  Taylorville,  showing  the  relation  of  the  dif- 
ferent series  and  the  system  of  faults.  The  series  of  Albert  shales 
bears  strong  resemblance  to  the  Horton  Bluff  scries  in  its  fossil  con- 
tents, stratigraphical  arrangement,  and  rock  materials.  The  general 
structure  of  the  Albert  mine  is  outlined,  with  an  account  of  the  phys- 
ical and  chemical  characters  of  albertite,  and  the  proofs  given  of  the 
vein  structure  of  the  Albert  mine. 

The  *' Millstone  grit  formation"  is  recognized  by  its  gray,  and  rarely 
pale  purple  color,  and  slight  dip.  It  occurs  in  the  southern  part  of 
Albert  County,  rnuning  parallel  to  the  nietainorphic  hills,  and  showing 
evidence  of  denudation,  even  before  the  deposition  of  the  siictjeeding 
strata.  The  gypsum  beds,  which  are  quit<5  extensive  and  pure,  vary 
in  thickness  from  30  to  50  feet. 

Mr.  Hugh  Fletcher,*  in  1878,  grouped  the  rocks  of  Victoria,  Cape  Bre- 
ton, and  Kichmond  Counties  in  the  following  manner: 

Laurel  tiaii  ^  ^'  ^y*^^*^'^)  gneissoid,  and  other  feldttpathic  rocks. 

' i  2,  George  Kiver  liniestoiics. 

3.  Lower  Siliiriuu  rocks. 
e  4.  Carboniferous  rocks. 
Carboniferous  ....  <  f).  Carboniferous  limestone. 

(  6.  Millstone  grit. 


•UftiU-y.  1j.  W.  and  ElU,  R.  W.:  lleport  on  llie  Lower  (Jarboniforoii}*  bolt  of  Alliort  and  Westmore- 
land (JoiintioJi,  N«w  Rrunawick.  including  the  "Albert  Hhab-s."  Geol.  .Sinvt»y  ('aimdu:  K(«]H>rt  of 
lii(>;:u*a>«,  lb76-'77.  1878,  pp.  351 -395,  map. 

"Fletcher,  UuKh  :  Keporton  the  xeoluiey  of  part  of  the  c«nuth>A  of  Victoria.C^apo  Broton.  and  Kirh- 
moud.  Nova  Scotia.    Geol.  Snrrey  Ciuiada:  Koport  of  progn>.afl,  1876-'77,  lri78,  pp.  4u'2-456,  map. 
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Division  4  occars  most  largely  developed  ^Mn  the  southward  ezten- 
siou  of  tlie  Sydney  Harbor  basin,  and  on  the  Boisdale  and  Washabeck 
Dills."  Division  5,  which  attains  its  greatest  thickness  on  the  Washa- 
beck peninsula,  is  characterized  by  prominent  l>eds  of  limestone  and 
gypsum,  accompanied  by  msirls,  sandstone,  and  conglomerate.  Division 
G  is  ^^  found  on  Sydney  Biver  and  the  eastern  shore  of  Forks  Lake, 
divided  from  similar  deposits  in  t-lie  valleys  of  the  Gaspereanz  and 
Salmon  llivers  by  the  East  Bay  anticline."  Sandstones  of  this  series 
are  found  on  Boulardrio  Island.  Plant  remains  are  reported  from  the 
sandstones. 

Mr.  Fletcher,  in  1879,^  reported  a  series  of  rocks,  supposed  to  be  of 
Devonian  age,  as  '*  extending  from  JiOch  Lomond  to  St.  Peter's,  and  re- 
appearing on  Isle  Madame  and  in  Guysborough  and  Autigonish  Coun- 
ties." They  '^  bear  a  very  close  lithological  resemblance  to  the  Oordaite 
shalc-s  and  Diuloxylon  sandstones  of  New  Brunswick."  -  This  series  is 
also  accompanied  by  intrusion  of  trap,  such  as  Mount  Granville  and 
Campbell  Uill. 

The  '^Carboniferous  conglomerate"  was  found  at  Mira  Bay  overly- 
ing the  "pre-Silurian  felsites."  Tliis  is  followed  by  limestones,  and  in 
turn  is  overlaid  by  the  Millstone  grit.  The  Carboniferous  conglomerate 
and  limestone  were  observed  also  at  Belfrey  Lake,  Salmon  River,  and 
Grand  River  Falls,  but  only  as  small  outliers. 

The  Millstone  grit  was  recognized  near  Salmon  River,  having  a  dip 
S.  4(P  E.  8(P.  A  coal  seam  was  found  in  these  rocks  noiir  Catalogue 
Gut. 

According  to  Messrs.  Bailey,  Matthew,  and  Ells  in  1880,'^  the  De- 
vonian rocks  of  southern  New  Drunswick  occupy  the  following  ureas: 
(1)  A  basin  east  of  St.  John  Harbor  extending  through  the  Mispec 
Valley  and  northeasterly  across  the  Black  River;  (2)  outcroi)s  on 
Coal  ('reek,  Canaan  River,  and  North  Fork;  (3)  small  areas  about 
St.  John  and  Carleton,  with  possibly  Cartridge  Island ;  (4)  area  east 
of  Si>rnee  Lake;  (5)  an  area  extending  from  Muscjuash  IJarbor  to 
Lepreau  Harbor,  and  inclnding  the  Belas  Basin,  and  a  small  area  from 
Chance  Harbor  to  l)ipj)er  Harbor;  also  an  area  in  the  north  of  Char- 
lotte (bounty  find  extending  into  Queen's  County. 

Tiie  estimated  thickness  of  the  Devonian  rocks  of  the  St.  John  Harbor 
series  is  7,500  feet.  Fossil  remains  of  i>lants  and  insects  occur  in  them. 
The  Lower  Carboniferous  rocks  occur  around  the  head  of  (TrandLake 
and  in  the  counties  of  Sunbury  and  Qu(»ens,  on  the  south  edge  of  the 
coal  basin.  They  also  form  the  greater  part  of  the  valley  of  the  Keu- 
nebeeeasis  Bay  and  Kiver.  Although  these  beds  contain  fossils  of 
Devonian  tyi>es,  they  still  lie  unconforniably  u])on  the  true  Devonian 


'Kli-t(luT,  Himl) :  Kr]»nit.  of  o\]ilor.nii'iis  :iim1  siirv<yM  in  Capi' |Ju«i<)n.  XnvaS<'Olin.  Oool.  Survey 
Ciin-ula:   !;•  i.nrt  of  ]»ro-n'.-«H,  l>77  "TH.  IhT'.),  F.  jip. :{_'.    Mii|i. 

■'  I'aili"\.  L.  \V.,  <;.  K.  Mattlirw,  aiiil  K.  W.  Kll.>:  K»'|mrt  on  tin-  f;«-<>lo;:y  of  .soiilhi'rn  New  RninHwick* 
finhr.ninf:  fJie  countit-H  of  <,'liarlott«',  Siinliury,  <,)Ufoiis,  KinuH,  St...Ioliii,  aud   Albert,  G«^oL  Survey 


W1LUAIIB.J  BAHTON  AND   CROSBY,  DAWSON.  253 

formation,  and  their  pbysical  characters  resemble  the  Lower  Carbon- 
iferous rocks,  consisting  of  red  and  gray  conglomerates,  brownish  rod 
shales,  bitnminous  sandstones,  and  limestones. 

Of  the  Middle  Garboniferons  there  is  considerable  evidence  that  if  it 
had  ever  attained  any  degree  of  development  it  has  since  been  carried 
away  by  denudation,  leaving  only  a  shallow  deposit  in  the  great  Car- 
boniferous basin  which  underlies  the  Gulf  of  8t.  Lawrence,  and  which 
is  bounded  by  the  southern  shore  of  the  Gasp6  ])oniusula  on  the  north 
and  by  the  Cobequick  Hills  and  coast  ranges  of  western  Cape  Breton 
on  the  south  and  east.  Coal  in  thin  seams  has  been  discovered  in  this 
formation  by  borings,  extending  over  quite  an  area.  It  was  found  in 
the  Newcastle,  Coal  Creek,  and  Salmon  Kiver  coal  basins,  having  a 
nsual  thickness  of  from  18  to  20  inches.  Other  small  areas  were  found 
in  South  Albert,  as  far  west  as  Herring  Cove ;  also  about  Quaco  and 
Gardener's  Creek  rocks  resembling  Millstone  grit  were  noticed  over- 
lying Lower  Carboniferous  rocks.  A  small  area  was  also  noted  in  the 
north  part  of  Charlotte  County. 

Messrs.  Barton  and  Crosby,*  in  1880,  reported  that  the  Carboniferous 
rocks  of  Massachusetts  are  an  extension  of  the  Khode  Island  serie-s, 
and  are  mainly  found  in  Narragansett  Basin,  which  lies  wholly  within 
Norfolk  County.    This  was  determined  by  President  Hitchcock. 

Thetto  rocks  are  well  developed  on  the  iHliiiid  of  Aquidneck,  and  al»o  form  a  broad 
aeiiiicircular  belt  reaching  from  Warwick  and  Providence  northerly  by  Valli'v  Tails 
to  Wrenthani,  iu  Massachnsettn,  and  thence  easterly  thron^h  AttleboroiighandMans- 
lield  into  Bridgcwater. 

The  rocks  of  this  series  consist  of  a  very  thick,  coarse  conglomerate, 
conglomerates  passing  into  green  sandstones  about  000  feet  in  thick- 
ness, a  series  of  carbonaceous  slates  including  the  true  Coal  Measures, 
with  few  sandstones  and  red  rocks.  Very  close  connection  can  be 
traced  between  the  Norfolk  belt  and  those  at  Wrentham.  From  a 
clo^e  examination  of  the  Norfolk  Basin  the  author  is  very  doubtful 
whether  coal  will  be  found  within  its  limits. 

Dr.  J.  W.  Dawson,*  in  188li,  classified  the  Paleozoic  floras  as  follows: 

I. — Carboniferous  flora  : 

(1)  That  of  t)ie  rernio-Carboniferons  is  best  seen  iu  eastern  Nova  Scotia,  and 

JH  roprewnted  by   Dadoxijhm^  PeiopUriSf  and  CniamiteH. 
{'■i)  The  coal  formation  contains  the  {greatest  number  uf  species,  aud  is  especially 

rich  in  ShjiUnria  and  fi-rns.     One  hundred  aud  thirty-live  species  have 

been  c'atal(>«(ued  from  this  lormatiun. 
(!))  Millstone  };rit :    Here  the  species  are  liuiit<:d.     Dadoxylon   acadiamim  is  a 

charatHeristie  conifer  of  this  formation. 
(4)  Lower  Carboniferous:  The  floras  of  this  period  consist  mainly  ot  IhnUuiflon, 

Lejtidodvmironf  and  A  net  mites. 


'  CroHliy,  W.  O.,  and  Ct.  II.  Idirton :  ExtoiiHiou  of  the  Carbon iforoiia  roriuation  in  Mai4HacYiii.-4olt!t.  A  in. 
Jour.  S<>i..  :{il  M)r.,  toI.  'Jo.  1S80,  pp.  41('i-420. 

'  Dawfon.  J.  W. :  ( Nuiiparntivo  viuw  of  the  rtiiccesBive  Paleozoic  floras  of  Canada.  Am.  Amuo.  ,  Pruc, 
▼ul.  31,  pp.  415-417 ;  Canadian  Nat.,  now  ner.,  vol  10, 1882,  pp.  872-378. 
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II. — Erian  or  Devonian  flora : 

(1)  I'ppt^r  Krian  (CatHkill):  The  siibflora  is  characterized  by  the  geDera  Ardutcp- 

teria  and  Cyclopteria  (ferns). 

(2)  Middle  Erian,  corrcHpondiDg  to  the  Hamilton  and  Chemnng  of  New  York, 

contain  mostly  Dtidoxylon,  ferns,  and  Lepidodendron.    SigiUaria  ib  rare,  but 
Cordaites  is  abundant. 

(3)  The  Lower  Erian  is  characterized  by  the  genera  Prototaxiiet,  ArthroiHgrna^ 

and  Pailophifton, 

The  author  also  discusses  Silurian  floras. 

Mr.  J.  F.  Whitcaves,^  in  1882,  reported  that  fish  remains  had  been 
discovered  on  the  north  shore  of  the  Bestigouche  Uiver,  opposite  Dal- 
housie,  which  prove  to  be  Devonian  species.  Previously  to  1879  these 
rocks  had  been  considered  as  Lower  Carboniferous. 

Mr.  B.  W.  Ells,^  in  1883,  speaking  of  the  geology  of  Gasp^  peninsula, 
reported  tliat  at  Grand  Pabos,  Province  of  Quebec,  Lower  Carbon- 
iferous rocks  are  found  lying  upon  Silurian  rocks,  and  east  of  Little 
Pabos  having  a  breadth  of  2^  miles.  Another  small  area  occurs  also 
between  Grand  liiver  and  Brech  h  Manon.  At  White  Head  Carbon- 
iferous rocks  were  noted  lying  upon  Devonian  rocks.  Bocks  of  De- 
vonian aspect  were  found  in  the  vicinity  of  Black  Cape,  and  also  on 
Bonavi'iiture  Biver.  Near  P6rc6  Upper  Devonian  beds  of  some  mag- 
nitude were  recognized,  lying  nearly  horizontal.  Examination  showed 
that  there  were  three  series  of  Devonian  beds:  (1)  The  upper  dex)08it, 
made  up  of  conglomerates  and  sandstones ;  (2)  the  middle  deposit, 
made  up  of  sandstones,  shales,  and  some  conglomerates ;  (3)  the  lower 
deposit,  made  up  mainly  of  calcareous  beds.  The  upper  series  has  an 
estimated  thickness  of  3,000  feet.  In  a  former  report  (1874)  the  thick- 
ness of  the  lower  member  of  the  Devonian  is  reported  as  about  7,036 
feet.  The  series  abounds  in  brachiopods,  trilobites,  etc.,  of  which  a  long 
list  is  given. 

Mr.  Edwin  Gilpin,'  in  1881,  comparing  the  Nova  Scotian  coal  fields, 
says  that  in  the  three  coal  fields  of  Nova  JScotia  prominent  east  and 
west  synclinal  folds  are  noticeable.  They  are  not  comj)licated  by  faults, 
except  when  they  come  in  contact  with  pre-Carboniferous  rocks,  as 
occurs  on  the  south  side  of  the  Cumberland  coal  field.  In  the  Sydney 
field  it  appears  that  the  disturbing  currents  ran  in  a  north  and  south 
direction,  the  materials  being  derived  from  the  Lower  Carboniferous 
rocks.  In  the  Pictou  field  a  distinctive  feature  was  the  formation  of  a 
barrier-reef  of  shingle  formed  from  Millstone  grit,  back  of  which  accumu- 
lated large  amounts  of  argillaceous  and  carbonaceous  sediments.  The 
coal  beds,  fifteen  iu  number,  are  situated  in  the  lower  part  of  the  sec- 
tion, attaining  a  maximum  thickness  of  111)  feet,  while  at  Springhill,  in 


*  Whitwivos,  J.  F. :  Krcont  discdveiios  of  foH.nil  ll.iliOM  in  tin*  Devonian  rocks  of  Canada.    Am.  Aiwoc., 
rroc,  vi.l.  31,  IhSJ,  lip.  35:j-3r>0. 

>K11h,  K.  W. :    Itoport  on  the  ;!oolo^y  of  tho  (jaHp6  peninsula.    Geol.  Survej  Canada:  Beport  of 
Iiio>:ri':«s  fur  ISSO  "81- V2, 1883,  pp.  ll)D-32l)D. 

^(rilpin,  Kdwin:  A  coniparison  of  thcdibtinctivo  featuroB  of  Nova  Soot  iao  coal  lleldd.   Britiah  Assoc. 
JCc'jwrt  54th  MectiDfi,  188i,  pp.  712, 713. 
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the  lower  1,000  feet  of  the  Goal  MeaBures,  with  twelve  beds  of  coal,  they 
attain  only  a  total  thickness  of  51  feet.  The  author  naturally  asks  the 
question  whether  or  not  the  Oape  Breton  coal  fields  may  not  have  had  a 
total  thickness  equal  to  the  Cumberland  and  Ptctou  fields f 

Sir  W.  Dawson/  in  1884,  commented  on  ancient  land  floras,  showing 
how  the  floras  of  the  Devonian  or  Erian  period  and  of  the  Carbonifer- 
ous period  present  many  points  of  likeness,  and  are  very  distinct  from 
those  of  succeeding  times.  The  conspicuous  families  are  Rkizocarpete^ 
Equi^etacecBj  Lyoopodiaoem^  Filices^  and  Ooniferte.  The  changes  which 
have  occurred  since  the  t)arbouiferous  consist  mainl}'  in  tlie  degrada- 
tion of  the  three  first  families,  and  in  the  introduction  of  new  Gymno- 
sperms  and  Phaenogams,  the  latter  event  marking  the  later  Mesozoic 
age. 

In  1885  Permo-Carboniferous  rocks  were  reported  by  Mr.  Ells*  as  oc- 
curring between  Cape  IJald  and  Bay  Vorte.  Their  similarity  to  rocks 
of  Prince  Edward  Island  wa^s  noted.  Itocks  of  the  same  character,  con- 
sisting mainly  of  soft  red  beds,  sandstones,  shales,  and  calcareous  con- 
glomerate, were  recognized  at  Cape  Brule  and  between  Sbediac  and 
Cocagne  Heail.  The  Carboniferous  urea  of  New  Brunswick  is  maile  up 
of  four  anticlinals.  One  is  situated  between  Bathurst  and  Miramichi; 
the  second  from  Grand  Lake  to  Bichibucto  Head  and  Miminegash ;  the 
third  passes  from  Shodiac  and  touches  the  island  near  Cajie  Egmont;  tbe 
fourth  from  Cape  Tourmautine  to  Cape  Traverse,  Prince  Edward  Island. 

Specimens  of  Lejyidodendron  found  by  Mr.  Joseph  li.  Perry'  in  a  graph- 
ite deposit  in  the  coal  mine  at  Worcester,  Massachusetts,  were  re- 
ferred by  Prof.  Lesquereux  to  the  very  rare  species  Lepidodendron  acu- 
minaUnn  of  Goeppert,  originally  from  the  Carboniferous  limestone  of 
Silesia,  corresponding  to  the  American  "  Subcarboniferous."  The  great 
disturbance  and  working  over  of  the  rocks  containing  the  Carboniferous 
deposit  has  transformed  this  deposit  for  the  most  part  into  graphite, 
and  in  the  specimen  found  the  carbon  is  in  the  form  of  graphite,  though 
the  scars  of  the  plant  are  distinctly  preserved. 

The  Sydney  coal  field,  Cape  Breton,  is  about  33  miles  in  length  by  6 
miles  in  width,  extending  from  Big  Bras  d'Or  on  the  northwest  to  Mira 
Bay  on  the  southeast.  The  four  basins  of  which  this  field  is  composed 
are  as  follows,  according  to  Mr.  W.  lloutledge*  (188G) : 

1.  Sydney  Mine  section,  with  '25  foot  8  iuchcs  workable  coal. 

2.  TIio  Lingau  Tract,  with  :VJ  foot  5  inches  workable  coal. 
'X  Cx\iic6  nay  soction,  with  55  feet  9  iucbcH  workable  coal. 
4.  Block  House  section,  with  •-^4  foot  workable  coal. 

I  DawsoD,  Sir  W.:  On  tlm  more  anciont  land  florAH  of  the  Old  nnd  New  Worlds.  Hritish  Abhoc., 
K«'i)ort  5Uh  Meeliim.  pp.  TIW,  739. 

^Kllri,  R.  W. :  Report  on  oxplunitioim  and  flur\'eyB  in  the  interior  of  Gasp6  Plmi insula  and  Prinoe 
Edward  Inland.  Geol.  Survey  of  Canada :  Kcport  of  pro^rcHS  for  1882-83-84, 1885, 1'  SC,  maps.  (S(*p- 
araU>  in  1884.) 

■  J*crry,  Joseph  11. :  Note  on  a  foMil  coal  plant  at  the  graphite  deposit  in  mica  schist  at  Worcester, 
MatMarhiiMxtttf.     Am.  Jour.  Sci.,  .'{d  ser,,  vol.  29, 1885,  pp.  157, 158. 

«KontlKd>;is  W. :  The  Sydney  coal  field,  Cape  Breton,  Kova  Scotia.  Am.  Inst.  Mining  TranA.^voU 
li»  1886,  pp.  542-560. 
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In  the  region  of  Gobscook  Bay  Devonian  rocks  are  reported  by  Prof. 
N.  8.  Sbaler^  as  lying  to  east  of  Moose  Island,  with  nearly  nuiform  east- 
ern dips.  The  section  at  Perry  may  contain  Subcarboniferous  as  well 
as  Upper  Devonian  rocks,  but  apparently  the  most  in]]K)rtant  seotiou 
is  bearing  the  greatest  likeness  to  Devonian  rocks,  is  on  Moose  Island. 
Here  the  black  shaly  deposits  have  a  thickness  of  fh)m  1,000  to  1,500 
feet. 

Mr.  Frank  D.  Adanis,^  in  1887,  defining  the  coal-bearing  rocks  of 
Canada,  says  the  coal  fields  of  Canada  are  confined  to  Nova  Scotia 
and  Cape  Breton,  where  there  are  three  important  basins,  situated  iu 
Cumberland,  Pictou,  and  Cape  Breton  Counties,  respectively.  The 
coal  basin  in  the  Cape  Breton  field  extends  under  the  Atlantic  Ocean. 
On  account  of  the  imperviousness  of  the  strata  overlying  the  true 
Coal  Measures  they  CJin  be  worked  without  any  difliculty.  The  deepest 
seam  of  the  Pictou  coal  field  at  the  Dalhousie  Pit  is  36^  feet  in  thick- 
ness. The  coals  of  Nova  Scotia  are  somewhat  less  bituminous  than 
those  of  Cape  Breton. 

Sir  William  Dawson,^  who  has  contributed  so  much  to  the  elabora- 
tion of  the  Devonian  and  Carboniferous  formations,  in  one  of  his  later 
l)apers  has  given  his  matured  conclusions  regarding  their  classificiition 
and  correlation.  He  retains  the  name  '<  Erian  ^  for  the  Devonian 
system,  following  his  modified  usage  of  ^^Erie  Division"  of  the  Geo- 
ogical  Survey  of  New  York.  On  the  eastern  coast  this  is  represented 
by  sandstones  and  shales,  and  is  compared  with  the  Old  Bed  sand- 
stone of  Scotland  and  Engljind. 

The  beds  abound  in  fossil  i)lants  and  h)rally  in  remains  of  fishes. 
Both  idaiit^  and  fishes  are  "  geneiically  similar  to  those  of  Britain  ;" 
they  are  of  "estiiarian  and  littoral  "  origin  :  and  the  author  considers 
them  divisible  into  two  series,  characterized  by  ditlerent  genera  of 
these  organisms. 

The  only  truly  marine  portion  of  tlir  Hyhtmi  in  tlir  Maritinio  Province  is  the  lower 
part,  t'orrcH]>on(lin^  to  the  Oriskany  of  the  int4Mior,  an<l  this  may  iicrbaxisbe  rc-gariled 
as  an  eipiivali'nt  of  tUv  Downton  Kandstonon  of  Fin^land. 

The  subdivisions  of  the  Carboniferous  system  are  described  as 
follows : 

1.  A  lower  Brries  corresponding  totheTnedian  <»f  the  North  of  En^rland  and  Calcif- 
erous  of  Scotland  hoth  in  mineral  character  and  foH.iils  (the  llorton  series  of  my 
later  papers). 

"2.  A  Carhoniferojis  limestone,  associated,  however,  with  g\]>8nm,  and  marly  and 
red  sandstoneR,  bnt  having;  fossil  remains  fur  the  most  part  s])ecilically  identical  with 
thost^  of  Knj;land  (Windsor  tsirries  of  recent  i>apt?rM). 


•  Shalor,  N.S. :  Pivliiniiiary  report  on  {hv  >;eology  of  tin-  Cp1i-c«i«»1..  Uii.v  uihtiict,  M:iiiio.    Am.  Jour. 
St;i..  3«l  Bcr..  v«.l.  .'rj,  18SG,  jip.  I'.r,  fi(). 

'  A«huiis.  Frank  1».:  On  tbr  coal  bearing  lockrt  of  c'aiiailji.    Krit.    A-.soc,  lirport  5ntli  Meeting,  1886, 
l«?h7,  p]i.  Vhi'J  Ml. 

■*()n  tli«'  Kf)/.oio  and  P.ili-ur.uic  UorkH  of  tlirt  Atlant.ir  co.ist.  of  (,Vni:iil.'i,  in  ronipaiiHou  with  tboae  of 
ir<vf/«-Ti]   Kuro]io  ami  of  tlio  interior  of  Amt^rioa,  l>y  Sir  J.  William  DawHon.  K.  C.  M.  (Jr.,  etc.,  1888. 
Qiiar.  Jour,  ticol  Hoc.  j»[».  797-817. 
TJie  JCriiui  or  Devoiiian  Bystein,  p.  813.    TUto  Cai\>oii'\I«iouft  *^HVeui,^VAi., v-^V^ 
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3l  a  Millstone  n^t  series  oonsisting  of  coarse  sandstones  and  shales  with  conglom* 
erate,  mostly  of  red  colors. 

4.  The  Main  or  Prodactive  Coal  Measures,  precisely  similar  in  character  to  those 
of  Britain. 

5.  A  Permo-CarboniferooB  series,  perhaps  oorresponding  in  age  to  the  Lower  Per* 
mian  of  England,  and  consisting  largely  of  Red  sandstones  with  species  of  plants 
characteristic  in  Europe  of  the  Lower  Permian,  but  including  no  limestones. 

The  conditions  of  the  Carboniferous  are  on  the  whole  similar  throughout  North 
America,  except  in  the  extreme  West  and  locally  in  the  Appalachian  region ;  but 
in  NoYa  Scotia,  Newfoundland,  and  New  BrunsvfSk  they  are  more  nearly  allied 
to  the  British  type,  except  in  the  abundance  of  red  marls  and  gypsum  in  the  lower 
part. 

BuU.  80 17 


CHAPTER    XII. 

CONCLUSIONS. 

f 

When  this  essay  was  begun  it  was  thought  possible  to  prepare  a 
thorough  paleontologic  definition  of  the  systems  and  series  under  con- 
sideration. The  result  has  demonstrated  that  the  facts  are  not  yet 
accumulated  to  make  this  possible.  In  the  first  place,  the  formations 
themselves  are  not  delimited  on  the  same  basis  in  dififerent  provinces, 
and,  secondly,  the  fossils  have  been  reported  under  so  many  different 
names  that  a  thorough  revision  of  the  several  biologic  groups  is  neces- 
sary before  the  various  lists  prepared  can  be  scientifically  correlated. 
In  the  meantime  such  lists  as  Mr.  Miller's  ^'American  Paleozoic  Fossils" 
will  suffice  for  all  practical  purposes.  At  the  outset  it  was  thought 
that  an  exhaustive  review  of  all  American  literature  on  the  Devonian 
and  Carboniferous  systems  would  be  profitable.  As  the  research  has 
progressed  it  has  become  evident  that  this  literature  ma^  be  divided 
into  three  classes,  viz:  (1)  Eecords  of  observations  and  facts;  (2)  dis- 
cussions of  the  relations  and  classifications  of  the  facts;  (3)  controver- 
sial literature.  Although  all  the  accessible  literature  has  been  con- 
sulted, 1  have  concluded  that  the  first  class  can  not  be  abstracted  to 
advantage ;  that  the  third  class  has  generally  been  more  concerned  in 
the  defense  of  personal  opinions  than  in  the  elaboration  of  the  truth, 
and  in  many  cases  the  controversy  has  been  occasioned  by  imperfect 
understanding  of  the  views  of  others.  For  the  present  essiiy  selection 
has  been  made  chiefly  from  the  second  class  of  literature,  written  in 
most  causes  by  those  exhibiting  some  acquaintance  with  the  immediate 
local  problem  under  discussion,  and  also  with  the  opinions  of  others, 
and  with  the  corresponding  formations  in  other  regions.  Another  re- 
striction was  found  necessary:  To  go  into  full  details  would  have  made 
a  book  so  large  that  few  would  take  the  trou])le  to  read  it,  hence  when- 
ever practicable  fornuilations  of  results  have  been  given,  leaving  the 
student  to  examine  the  original  works  for  details.  For  these  various 
reasons  a  large  nunil>er  of  the  authors  consulted,  probably  a  large  ma- 
jority, are  not  represented  here  by  quotations  or  title. 

The  territory  discussed  may  be  classified  for  our  purposes  into  the 
following  geographic  provinces:  Acadian,  Appalachi<an,  Mississippian, 
Michigan,  Western,  and  Northern  provinces.  The  Acadian  province  is 
geologically  isolated  from  the  others,  and  has  a  history  of  its  own.  Tlie 
facts  accumulated  for  the  Northern  iirovince,  extending  from  Manitoba 
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along  the  Mackenzie  River  to  the  Arctic  and  about  the  shores  of  Hud- 
son Bay,  are  too  fragmentary  to  admit  of  generalization.  The  Western 
province  has  not  been  worked  up  with  sufficient  detail  to  admit  of  oilier 
than  broad  generalizations.  The  correlations  in  these  three  provinces 
were  based  upon  purely  paleontologic  data.  The  other  three  provinces 
are  partly  connected  at  their  boundaries  and  roughly  defined  are  great 
basins,  in  which  the  more  recent  Oarbouiferons  formations  are  partially, 
at  least,  surrounded  by  the  older  Devonian  rooks. 

The  Appalachian  province  is  separated  from  the  Mississippian 
province  by  a  geological  anticline  called  the  Cincinnati  axis,  extending 
from  middle  Tennessee  in  a  northeasterly  direction  to  near  Sandusky, 
Ohio,  and  thence  across  Lake  Erie  into  Ontario,  Canada.  The  M  ichigan 
province  is  connected  with  both  the  Appalachian  and  the  Mississippian 
provinces  by  a  common  band  of  Devonian  rocks  running  from  Toledo 
across  to  the  southern  end  of  Lake  Michigan. 

In  the  center  of  the  Mississippian  province  the  Ozark  Uplift  occupies, 
with  Silurian  and  Archean  rock,  the  southeastern  third  of  Missouri  and 
parts  of  adjacent  Illinois  and  Arkansas.  The  western  edge  of  this 
province  is  terminated  by  the  overlying  Cretaceous  along  an  irregular 
westward  curving  line  connecting  Omaha  and  Austin,  Tex.  The 
northeastern  or  Acadian  province  is  defined  at  the  opening  of  the  last 
chapter  and  exhibits  an  immense  thickness  of  Devonian  and  Carbon- 
iferous shales,  sandstone,  and  conglomerates,  with  little  limestone,  esti- 
mated at  9,500  feet  of  Devonian  and  16,000  feet  of  Carboniferous. 
Along  the  eastern  and  northeastern  borders  of  the  Appalachian  the 
tliickness  may  be  a  third  less,  but  the  deposits  are  still  arenaceous,  with 
some  argillaceous  shales  and  with  little  limestone.  The  areniuseous 
deposits  decrease  on  going  westward  for  the  whole  Devonian  until  in 
Iowa  the  total  Devonian  is  estimated  at  200  feet  of  shales  and  Mag- 
nesian  limestone.  The  Devonian  is  represented  all  around  the  Michigan 
province  by  considerable  limestone  in  its  early  stage,  running  up  into 
soft  shales,  then  Lower  Carboniferous  sandstone  and  shales,  and  finally 
a  few  hundred  feet  only  of  Coal  Measures.  Passing  southwestward 
along  the  Appalachian  province,  or  from  Iowa  and  Michigan  south- 
ward in  the  Mississippian  province,  the  Devonian  loses  the  calcareous 
base  and  the  arenaceous  top  and  dwindles  down  to  a  bhu;k  shale,  varying 
from  one  hundred  feet  or  so  in  Kentucky  to  uothiug  in  Southern  Ten- 
nessee and  around  the  western  and  southwestern  margins  of  the  Ozark 
Uplift.  With  this  change  from  the  complex  Devonian  formation  of  New 
York  to  the  simple  black  shale  of  Tennessee  there  is  a  corresponding 
change  in  the  Lower  Carboniferous  from  arenaceous  and  shaly  deposits 
in  Michigan,  Ohio,  and  Indiana  to  limestones  of  over  a  thousand  feet 
thickness  in  the  Mississippian  province,  separating  the  black  shale 
from  the  Coal  Measures. 

With  all  these  differences  in  the  stratigraphy  there  are  corresponding 
differences  in  the  faunas  and  floras,  and  as  the  geologists  have  surveyed 
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tlie  rocks  and  broaght  the  facts  to  light  the  difficalties  of  exact  correla- 
tion have  been  as  great  as  the  complexity  of  the  facts. 

In  the  historical  development  of  the  geology  the  northern  part  or  the 
Appalachian  province  was  first  developed;  afterward,  and  by  other 
men,  the  Mississippian  province  was  surveyed  and  interpreted. 

Among  the  numerous  problems  which  American  geologists  have  had 
to  solve,  I  have  selected  a  few  to  show  the  methods  employed  in  corre- 
lations and  the  reasons  why  one  method  has  led  to  erroneoos  and  an-i 
other  to  correct  results.  The  object  of  correlation  is  and  has  been  to 
bring  uewly  discovered  formations  into  their  proper  places  in  already 
established  systematic  classifications.  Hence  in  studying  the  princi- 
pies  of  correlation  it  has  been  necessary  to  deal  mainly  with  the  classi- 
fications. The  original  classifications  may  have  been  fbnnded  on  wrong 
principles,  and  in  such  cases,  however  correct  the  methods  of  oorrela- 
tion  may  have  been,  the  results  were  unsatisfactory.  In  the  first  stage 
of  the  history  this  was  the  case.  The  Wernerian  classification  was 
based  on  the  supposition  that  the  stratigraphic  order  of  deposits  and 
the  lithologic  composition  of  the  separate  members  had  some  natural 
relation  to  each  other.  This  is  not  the  fact  It  was  on  this  account 
that  all  the  work  of  Amos  Eaton,  in  New  York  State,  though  based 
upon  careful  observation  and  accurate  record  of  the  facts,  was  a  foilnre 
so  far  as  the  correlations  were  concerned.  After  he  had  perfected  the 
Wernerian  system,  thoroughly  adapted  it  to  our  facts,  and  provided  an 
American  translation,  so  to  speak,  of  the  German  method,  the  fallacy 
of  tlie  methml  was  exposed  and  the  whole  of  his  scheme  was  abandoned. 
The  New  York  rocks  were  admirably  adapted  to  the  construction  of 
a  correct  classiiication  of  tlie  Paleozoic  systems,  except  for  the  highest 
member.  For  that  the  acljoining  State,  Pennsylvania,  furnished  what 
New  York  lacked.  For  nearly  half  of  the  State  the  dip  of  the  rocks  is 
8i;arcely  greater  than  50  feet  to  the  mile,  and  they  are  so  regular  that 
numerous  sections  could  be  easily  examined  running  through  the  same 
series  of  deposits,  the  local  variations  noted,  and,  most  imi>ortaut  of 
all,  great  quantities  of  fossils  were  obtained.  The  result  was  that  the 
New  York  rocks  for  the  Silurian  and  Devonian  systems  furnished  the 
standard  classification  for  North  America,  and  after  1843  (the  date  of 
the  completion  of  the  final  reports  of  the  geological  survey  of  the  State 
of  New  York)  whatever  imperfections  might  have  been  detected  were 
eaisily  corrected  by  reference  to  the  strata  themselves.  All  mistakes 
in  correlations  of  these  formations  thereafter  were  the  lault  of  the 
method  of  correlation,  not  of  the  classification  U8e<l. 

The  Carboniferous  rocks  of  Pennsylvania  are  mainly  arenaceous  and 
argillaceous,  and  marine  fossils  are  rare  in  them.  The  classification 
that  was  developed  was  therefore  one  based  chiefiy  upon  stratigraphic 
and  lithologic  characters.  Heroic  attempts  were  made  to  trace  the 
various  lithologic  units  of  the  system  beyond  the  State;  but  even  from 
county  to  county  in  Pennsylvania  the  modifications  were  so  constant 
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that  correlation  became  a  problem  of  dip  and  thinning  of  the  rocks,  or 
of  namber  and  thickness  of  coal-beds  or  of  sandstone  strata.  The  re- 
snlt  was  that  almost  every  State  having  Goal  Measures  had  its  own 
classification  of  details,  with  the  apparent  symmetry  of  a  lower,  a  mid- 
dle, and  an  npper  division.  As  far  as  a  local  coal  bed  could  be  traced 
so  far  there  was  correlation.  This  method  of  correlation  led  to  the 
theory  of  ^^  persistent  parallelism  of  strata,"  which  was  applied  very 
considerably  in  the  second  Pennsylvania  survey,  and  to  some  extent 
in  all  the  Ooal-Measure  areas.  In  Pennsylvania  this  theory  was  ap- 
plied, and  the  resulting  correlations  were  unsatisfactory  in  ))roportion 
to  the  distance  the  correlations  were  carried.  It  was  not,  strictly  speak- 
ing, correlation.  It  was  rather  an  actual  tracing  of  the  strata  from 
outcrop  to  outcrop  by  geometrical  processes.  The  correlations  were 
unsatisfactory  because  in  the  clastic  rocks  which  there  prevail  the 
details  of  lithologic  characters,  as  composition,  fineness,  or  coarseness 
of  grain  and  thickuess  of  strata,  are  not  uniform,  but  vary  considerably 
even  in  a  short  distance.  Occasionally  there  were  fossiliferous  strata 
in  the  Coal  Measures  which  gave  a  clew  to  the  true  position  in  the 
standard  stratigraphic  scale. 

In  the  Mississippian  province  the  first  attempts  at  correlation  were 
with  European  standards.  In  this  case  there  were  two  fundamental 
data  upon  which  the  correlations  were  based.  These  were  the  <^Goal 
Measures"  and  the  "Mountain  Limestone."  The  presence  of  coal  beds 
in  association  with  undorclays  and  sands  was  taken  as  evidence  of  the 
Coal  Measures  of  the  English  geologists,  and  the  finding  of  limestones 
below  these  Coal  Measures  containing  fossils  determined  to  be  identical 
with  those  described  from  the  Mountain  limestone  of  Derbyshire,  in 
Martin's  "Petri ficata  Derbionsia,"  was  the  reason  for  calling  the  lime- 
stone "  Mountain  limestone."  As  far  as  the  general  correlation  was  (con- 
cerned the  determination  was  correct,  but  when  attempt  was  made  to 
push  the  correlation  to  details  it  was  found  impracticable  to  fit  either  the 
standard  English  scale  or  that  alresuly  developed  in  thC/  Appalachian 
l>rovince  to  these  rocks  uf  the  Mississippian  province.  The  resnlt  was 
that  as  the  details  were  accumulated  by  geological  surveys  the  geologists 
developed  a  classification  and  nomenclature  of  tly^ir  own,  in  the  same 
way  that  the  New  York  geologists  had  done  for  their  State.  The  chief 
work  accomplished  in  this  province  was  the  elaboration  of  the  series  be- 
tween the  Devonian  and  the  base  of  the  Coal  Measnres,  called  "  Subcar. 
boniferous"  and  "  Lower  Carboniferous,"  which  is  so  characteristic  of 
this  region  that  I  propose  to  give  it  the  name  "  Mississippian  series." 
The  discussion  of  the  facts  determining  the  upper  limit  of  the  Coal  Meas. 
ures,  as  seen  in  the  chapter  on  the  Permian  Problem  of  Kansas  and 
Nebraska,  may  also  be  considered  as  one  of  the  results  of  the  study  of 
this  Mississippian  province. 

One  of  the  most  instrnctive  illustrations  of  the  principles  of  correla- 
tion is  seen  in  the  determination  of  the  base  of  the  Mississippian  series^ 
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lu  this  determination  two  distinct  methods  of  correlation  were  exhib- 
ited. The  geologists  familiar  with  the  standard  sections  of  the  New 
York  system,  and  of  the  Appalachian  province  in  general,  applied  the 
principle  of  '<  persistent  parallelism  of  strata,"  and,  having  gone  care- 
fully over  the  ground,  believed  they  had  eMablished  beyond  dispute  the 
correlation  of  rocks  at  the  base  of  the  Mississippian  series  with  the  npper 
member  of  the  New  York  Devonian,  i.  e.,  the  Chemnng  group. 

The  ^< Chemung  group"  of  Iowa  and  Missouri  was  originally  thus  de- 
termined, and  was  defended  on  this  basis  for  a  number  of  years  against 
the  coniiter  evidence  of  fossils.  When  the  fossils  were  studied  and  com- 
pareil  with  the  fossils  of  the  Chemung  of  New  York  they  were  found  to 
closely  agree  generically,  but  specifically  there  were  very  few  cases  of 
identity.  To  correct  this  discrepancy  a  gradual  modification  of  the 
»i>ecie^  or  combination  of  species  constituting  the  local  faunas  was  as- 
sumed to  have  taken  place  coordinate  with  difference  in  longitude  on 
passing  westward.  The  fallacy  in  this  assumption  deceived  some  of  the 
ablest  geologists  of  the  country,  and  for  nearly  twenty  years  general 
reliance  upon  their  authority  stood  in  the  way  of  the  acceptance  of  the 
truth. 

On  the  principle  of  establishing  correlation  of  horizon  by  identity  of 
the  fossils  all  the  evidence  went  to  prove  that  the  so-called  *^  Chemung^ 
rocks  of  the  Mississippi  Valley  were  of  Carboniferous  age.  M.  de  Ver- 
iieuil  so  identified  the  specimens  he  saw  when  on  a  visit  to  this  country 
in  L8i7.  D.  D.  Owen,  one  of  the  earliest  geologists  to  study  the  rocks 
of  this  province,  and  others  who  followed  him,  recognized  the  "Car- 
boniferous aspect"  of  the  fossils.  But  these  identifications  of  the  fos- 
sils were  not  generally  accepted  as  outweighing  the  other  evidence  of 
supposed  correlation  with  ('hemung  rocks  until  the  year  18GI,  when 
Messrs.  Meek  an<l  Worthen  established  the  ivinderhook  group. 

The  Kinderhook  group  was  the  result  of  pure  paleontologic  correla- 
tion, iu  which  the  fauna  at  the  base  of  the  ''Carboniferous  limestones," 
often  in  sandy  or  slialy  strata,  was  <listinctly  recognized,  by  comparison 
with  authentic  Carboniferous  species  of  Europe,  as  of  Carboniferous  age. 
The  identifications  upon  which  the  name  was  ap]>lied  were  of  Illinois 
fossils;  the  correlatii^n  included  led  to  the  correct  correlation  of  the 
**(Joniatite!  beds"  of  Indiana,  and  later  of  the  Waverly  group  of  Ohio, 
and  the  recognition  of  the  *'  Black  shales"  of  the  Mississipi^i  province 
as  the  term i nation  of  the  Devonian  series.  Although  the  correlation 
included  the  faunas  of  the  Chemung  of  Iowa  and  Missouri,  the  a])pli- 
cation  of  the  name  ''Chemung"  there  had  becoiiui  locally  fixed  to  the 
])arti(;ular  roc«is,  irresi)eclive  of  their  supposed  equivalency,  and  the 
name  was  not  immediately  droi)ped.  The  iundamental  error  in  the 
Ch(»mung  c(nielation  was  nuule  near  the  (»asteni  end,  on  passing  from 
Cijautaucjua  County,  New  York,  across  to  ( 'leveland,  Ohio.  Passing 
westward  from  Ohio  the  error  was  not  noticeable,  so  that  the  identity 
of  uiiiuy  Ohio  Waverly  species  with  those  found  in  the  Western  Che- 
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mung  helped  to  keep  ap  the  ini8interpi*et2tipn8.  Mr.  Meek's  saccess 
in  correlations  appears  to  have  been  due  lo  his  minute  knowledge  of 
the  characters  of  fossils  and  their  relations  to  each  other,  and  perhaps 
still  more  to  his  firm  faith  in  fossils  as  the  one  reliable  guide  to  tme 
correlation. 

The  principle  of  <^  persistent  parallelism  of  strata"  is  defective  in 
several  ways:  (1)  Although  it  has  been  often  observed  that  a  stratum 
continues  for  a  long  distance  with  but  slight  variation  in  thickness  and 
character  of  material,  the  constancy  of  lithologic  and  stratigraphic 
character  can  not  be  assumed  to  be  the  case,  even  for  short  distances, 
unless  actually  so  observed.  From  this  we  deduce  the  law  that  '^par- 
allelism of  strata''  is  not  a  safe  means  of  correlation,  although  the  cor- 
relation once  being  established,  the  parallelism  of  strata  is  a  valuable 
aid  in  the  recognition  of  the  correlation  for  detached  sections.  (2) 
The  errors  made  by  this  method  of  correlation  occur  at  points 
where  the  evidence  is  lacking,  therefore  it  is  impossible  by  merely 
going  over  the  field  a  second  time  to  correct  such  errors.  (3)  Even 
when  there  is  apparent  continuity  of  a  single  stratum  or  of  a  series  of 
similarly  formed  strata,  for  tens  or  hundreds  of  miles,  this  alone  is  not 
evidence  that  the  deposits  at  the  two  extremes  were  formed  synchro- 
nously. The  correct  interpretation  of  the  continuity,  in  case  the 
material  is  purely  clastic,  is  more  likely  to  be  found  in  a  gradual  shift- 
ing of  the  shore  line  by  risiog  or  sinking  of  the  land  than  in  synchro- 
nism of  deposition.  On  the  other  hand,  the  correlation  of  geologic 
formation  by  their  fossil  contents  is  (1)  Always  made  upon  actual 
evidence,  any  errors  of  interpretation  of  which  can  be  corrected  by 
critical  review  of  the  evidence;  (2)  the  particular  form  assumed  by 
any  organic  structure  appears  to  be  determined  almost  entirely  by  two 
factors,  i.  e.,  heredity  and  environment;  hence  we  may  deduce  the  law 
that,  given  the  locality  and  the  conditions  of  environment,  the  fossil  has 
in  itself  the  evidence  of  its  geologic  age. 

The  precision  with  which  correlations  may  l>e  made  upon  paleonto- 
logic  evidence  is  determined  by  the  knowledge  iK>ssessed  of  the  relations 
of  the  elements  of  organic  form  to  geologic  age,  so  that  a  fragment  of  a 
t'oHsil  in  the  hands  of  one  who  knows  how  to  interpret  the  evideuce 
may  furnish  a  more  correct  diagnosis  of  the  age  of  the  formation  than 
a  bushel  of  fossils  in  the  hands  of  one  ignorant  of  the  laws  of  organic 
life  determining  the  form  of  the  structures  produced. 

The  lowest  member  of  the  Mississipinan  series  in  Illinois  having  been 
defined  as  the  Kinderhook  group,  it  was  a  matter  of  simple  paleoiito- 
logic  correlation  to  ^x  the  lower  limit  in  Iowa  at  the  base  of  the 
"( vheniiing  group,"  in  Missouri  at  the  base  of  the  formations  later  culled 
Chouteau  group,  in  Indiana  at  base  of  the  (roniatite  beds,  in  Ohio  at 
the  base  of  the  Waverly,  and  in  Michigan  at  the  base  of  the  JMarshall 
•group.  Immediately  underlying  these  formations  or  their  evident  equiv- 
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alents  in  several  of  the  Sta^  of  the  interior  a  black  shale  is  conspiea- 
onsly  constant.  While  the  black  shale  was  generally  correlated  as 
Devonian^  its  precise  age  lias  not  up  to  the  present  time  been  certainly 
fixed. 

That  the  black  shale  has  not  been  satisfactorily  correlated  is  shown 
by  its  retention  of  that  general  name  in  spite  of  its  frequent  correlation 
with  other  black  shales  of  defiuite  age,  as  the  Marcellos  and  the  Cton- 
esee  formations  of  New  York. 

As  the  terrane  separating  Silnrian  from  GarlK>niferons  thins  out  to 
the  southwest,  it  is  finally  restricted  to  a  few  feet  of  black  shale,  but  it  is 
not  proved  paleontologically  precisely  what  part  of  the  expanded  series, 
called  Devonian  in  New  York  and  Ohio,  is  represented  by  this  shale. 

In  the  later  work  of  the  geologists  of  Ohio  a  certain  symmetry  in 
correlation  is  sought  by  uniting  the  black  shales,  up  to  and  including 
the  Cleveland  shale,  into  a  single  group  and  calling  it  the  Ohio  shale, 
correlating  this  as  the  upper  member  of  the  Devonian  system.^ 

Prof.  Newberry,  in  his  monograph  on  <^  The  Paleozoic  fishes  of  North 
America,"'  classifies  the  deposits  above  the  last  prominent  black 
shale  as  Carboniferous,  thus  conforming  with  the  general  principle 
of  making  the  black  shale  the  top  member  of  the  Devonian  system. 
In  the  case  of  Prof.  Newberry  this  correlation  is  not  new,  and  was 
first  advanced  to  make  the  classification  conform  to  a  theoretical  order 
of  deposits  explained  under  the  name  ^^  circles  of  deposition."  ^  But 
the  tendtocy  on  all  hands  has  been  to  accept  this  structural  line  of  de- 
markation  between  the  Carboniferous  and  Devonian  formations.  Still 
further  work  upon  the  structural  as  well  as  the  paleontologic  features 
of  these  black  shales  will  be  needed  to  determine  their  true  correlation. 

The  subdivision  of  the  Mississippiau  series  is  a  matter  of  classifica- 
tion rather  than  correlation  proper.  All  through  the  province  varia- 
tions in  the  stratigraphy  are  scon  in  the  deve  lopnient  of  the  local 
geologic  structure.  The  structural  or  lithologic  i'ormatious  distinguish- 
able over  most  of  the  province  are  as  follows : 

Chester  group,  Worthen.  Biirlin^ou  limestone,  Hall. 

St.  Louis  group,  Worthen.  Kinderhook    gronp,    Meek    and 

Warsaw  limestone,  HalL  Worthen  ;  or 

Keokuk  group,  Worthen.  Chouteau  group,  Rroatlhead. 

These  formations  have  been  defined  in  their  typical  localities  and  the 
faunas  as  locally  studied  have  been  described,  but  in  several  cases  dif- 
ficulty has  been  experienced  in  attempting  to  extend  the  classification 
over  the  whole  Mississippian  province. 

The  difficulties  have  occurred  most  frequently  in  distinguishing  be- 
tween Burlington  and  Keokuk  faunas  in  the  formations  in  western  and 

'Geol.  Survey  of  Ohio,  vol.  6,  by  Kdw.  Ortoii,  1888. 
>  IJ.  S.  Guul.  Survey,  Monograph,  vol.  18. 1KK9. 

'See  a  theory  of  circles  of  sedimentatiou,  by  J.  S.  Newberry,  Am.  As8.  Adv.  Sci.,  Proo.,  vol. 22,  pt.  2, 
pp.  185-196, 1873,  and  on  circles  of  deposition  in  sedimentary  strata,  Canadiau  Kat.,  new  series,  vol.  7, 
pp.  163-164. 
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sonthwestem  Missouri  and  northern  Arkansas,  in  distingnishin^  in 
some  cases  whether  a  fauna  is  a  Warsaw  or  a  St.  Louis  fauna.  The  Ches- 
ter fauna  may  be  associated  with  particular  conditions  of  environment. 

On  considering  these  several  facts,  it  has  appeared  to  the  writer  that 
in  classifying  the  formations  of  the  Mississippian  series  the  correlations 
from  a  structural  point  of  view  have  been  carried  too  far  and  that  an  in- 
crease in  the  number  of  litholog*io  formations  will  better  express  the 
facts  as  at  present  known ;  whereas  from  a  paleoniologic  point  of  view 
the  cLissification  is  too  minute,  and  that  a  combination  of  some  of  the 
formations  will  best  express  our  present  knowledge  regarding  their  true 
relations.  The  practical  application  of  this  suggestion  will  result  in 
applying  new  local  namei^t  to  structui'al  formations  whenever  the  struc- 
tural characters  are  so  divergent  from  those  of  the  tyi)ical  section  that 
the  correlatipu  depends  upon  stratigraphic  position  above  or  below 
some  clearly  recognized  horizon  for  its  validity. 

Recent  studies  of  the  fossils,  their  original  grouping  into  local  faunas 
and  their  association  in  other  parts  of  the  |irovince,  have  led  me  to  rec- 
ognize three  fairly  well  differentiated  faunas  in  the  Mississippian  series, 
the  subdivisions  of  which  are  believed  to  be  local,  and  therefore  very 
unsatisfactory  for  purposes  of  correlation. 

The  following  table  sets  forth  the  proposed  classification  and  nomen- 
clature : 

Stractnre  scale.  Tinie  scale. 

'Chester  stage 1 

St.  Louis  sta^e >  Genevieve  age. 

Warsaw  stage J 

Keoknk  stage \ 

Mississippian  series.,  j  Barliugton stage ^Osageage. 

f  Chont^^an  limestone \ 

KinderhookJ  Vermicular  sliale  and  sand- 
8  age,    lu-^  Chouteau  age. 

eluding  Bwutj 

( Lithographic  limestone j 

The  Chouteau  age  is  the  age  of  the  Chouteau  group  of  Broadhead. 
The  Osage  age  is  the  age  of  the  fauna  of  the  Burlington  and  Keokuk 
formations,  which  are  locally  distinguishable,  but  in  the  sections  on 
the  northwestern,  western,  and  southwestern  flanks  of  the  Ozark  Uplift 
are  so  blended  that  it  seems  impracticable  in  most  cases  todiffi^rentiate 
them.  The  name  is  suggested  by  the  fivct  that  the  Osage  liiver  drains 
the  region  in  which  this  confusion  of  the  two  faunas  is  clearly  exhib- 
ited. The  Genevieve  age  is  the  age  of  the  fauna  of  the  Archimedes 
group  of  Shumard.^ 

The  name  is  suggested  by  the  fact  that  Shumard  first  called  attention 
to  the  union  of  the  several  formations  in  which  the  common  fauna  pre- 
vails in  his  description  of  the  geology  of  Ste.  Genevieve  County,  Mis- 
souri.  The  name  he  applied  wsis  Archimedes  group,  but  this  is  not  a  sat- 


'  ReptH.  GfH>L  Surrey  Missonri,  1855  1871,  by  G.  C.  Broadhoad,  F.   B.  lioek,  and  B.  F.  Shuuiard 
Ibid.,  1873,  pp.  292-203,  by  B.  F.  Shumard. 
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isfactory  name,  and  in  the  county  of  Ste.  Genevieve  and  on  the  eastern 
and  northeastern  margins  of  the  Ozark  Uplift,  above  and  below  this 
connty,  are  fonnd  the  typical  outcrops  of  the  individual  formations 
included  in  the  group. 

This  classification  is  used  in  reports  already  commnnieated  to  the 
State  geologists  of  Arkansas  and  Missouri,  and  I  give  it  here  to  expose 
the  latest  results  of  my  attempts  at  correlation  of  these  formations. 

One  of  the  most  important  results  which  such  a  review  of  the  history  ot 
correlatioD  emphasizes  is  the  fact  that  all  attempts  to  attain  uniformity 
of  classificatiou  or  nomenclature  have  failed  to  a  greater  or  less  extent. 

The  extent  of  the  artificiality  of  the  correlation  is  in  some  measure 
proportionate  to  the  distance  separating  the  formations  compared ;  but 
the  experience  of  the  geologists  of  the  second  geological  survey  of  Penn- 
sylvania shows  how  difiicnlt  it  is  to  make  satisfactory  correlations  even 
between  the  tocks  of  adjoining  counties. 

Auios  Eaton,  seventy  years  ago,  attempted  to  make  the  classifica- 
tion and  nomenclature  of  the  New  York  formations  uniform  with  that 
of  (icrmany  and  England.  He  sncceeded  as  well  as  anyone  could  in 
his  time ;  but  some  young  men,  trained  in  his  own  school,  went  into 
the  field  a  few  years  later  to  work  up  the  geology  of  New  York  StAte. 
They  began  with  the  application  of  his  system,  but  when  they  found 
it  fetteriug  the  accuracy  of  their  observations  they  cast  it  aside.  They 
recorded  the  facts  as  they  found  them,  gave  independent  names  to  the 
formations  for  the  purpose  of  identifying  them,  and  formed  a  New 
York  system. 

Tlie  classification  and  nomen  chit  are  of  this  system  has  been  ado]>ted 
as  a  standard  in  all  respects  except  where  uniformity  with  Euro])ean 
usage  was  attempted. 

The  name  *' system"  was  lost  because  this  is  only  part  of  a  system; 
the  divisions,  Champlain,  Ontarian,  Erian,  etc.,  have  been  dis(.'ar<led 
because  they  are  purely  artificial  and  have  nothing  to  do  with  the 
natural  classification  of  the  rocks;  the  grouping  of  the  formations  into 
Devonian,  Silurian,  is  still  allowed,  but  it  is  applied  both  loosely  and 
uusatisfju'torily  by  all  except  the  text-book  user.  After  the  New  York 
survey  was  completed,  the  same  men,  satisfied  with  their  success,  Jind 
still  remembering  the  philosophy  of  uniformity,  thought  it  might  be 
applle<l  to  all  American  geology.  They  went  westward,  tried  to  fit  the 
New  York  and  Pennsylvania  systems  to  the  geology  of  the  Mississi])pian 
]>rovince.  In  the  cases  where  they  attempted  to  classify  the  Mississip- 
l)ian  rocks  on  the  Aj)palacliian  model  the  result  proved  uusatisfjic- 
tory,  because  artificial  and  not  expressing  the  facts  as  they  are.  In  the 
cases  where  the  nomencWiture  and  (*.hissiflcation  have  been  built  up  inde- 
pendently and  strictly  according  to  the  local  expn-ssion  of  the  faints 
they  have  been  retained. 

O/ie  after  another  of  these  early  attempts  to  produc^e  uniformity  in 
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nomenclature  have  been  discarded  because  tbe  facts  did  not  support 
the  correlation  when  precision  was  applied.  In  the  far  West  the  anom- 
alies were  so  great  that  defenders  of  the  traditional  geology  have  stood 
aghast  The  Government  geologists,  who  were  chiefly  concerned  in 
developing  the  facts,  have  gained  the  reputation  of  disregarding  prece- 
dent, European  standards,  and  even  the  opinions  of  their  brother  geolo- 
gists ;  but  after  one  of  these  doubters  has  climbed  the  Bockies,  trailed 
across  the  plateaus,  and  looked  into  the  cafions,  he  has  come  back  forced 
to  confess  that  <^the  half  was  not  told  him,"  and  paleontologists  and 
geologists  alike  have  been  obliged  to  expand  their  systems  to  accom- 
modate these  bold  geologists  of  the  saddle. 

Such  has  been  the  result  of  seeking  uniformity  for  a  single  continent. 
Like  results,  we  believe,  will  appear  upon  comparison  of  the  formations 
of  different  provinces  on  other  continents.  The  experience  of  European 
geologists  who  have  not  gone  outside  Edrope  has  been  mainly  with  the 
details  of  a  single  geologic  province;  a  certain  degree  of  uniformity  is 
therefore  practicable  for  them.  It  is  no  disrespect  to  the  European 
system  that  has  led  Americans  to  think  lightly  of  conformity  to  any 
uniform  standard  of  geologic  classiflcatfou  or  nomenclature.  The  reason 
tor  the  failure  on  the  part  of  American  geologists  to  adopt  and  apply 
the  older  standards  of  Europe  to  their  formations  is  found  in  the  fact 
that  the  supposed  uniformity  does  not  actually  exist. 

The  literature  of  the  first  quarter  of  the  century  demonstrated  that 
classification  can  not  be  based  upon  uniformity  of  lithologic  constitution. 
The  last  twenty-five  years  has  made  it  evident  that  uniformity  of  strati- 
graphy can  not  be  relied  on  for  correlations,  and  now  the  modern  school  of 
paleontologists  are  demonstrating  the  fact  that  the  divisional  Hues 
marking  the  biologic  or  time  scale  do  not  correspond  to  those  of  the 
structural  or  stratigraphic  scale,  but  are  determined  by  independent 
factors.  In  the  classification  of  rock  formations  the  (character  of  the 
formations  should  receive  chief  consideration,  but  the  particular  geolo- 
gic  period  iu  which  sediments  are  deposited  has  i)ractically  no  relation 
to  the  nature  of  the  sediments  or  their  amount  or  their  physical 
arrangement  as  geologic  deposits.  It  is,  hence,  a  grave  question 
whether  the  development  of  our  science  does  not  demand  that  geo- 
graphic factors  should  take  precedence  of  time  factors  in  all  classifica- 
tions of  geologic  formations. 

The  correlations  between  form,  density,  and  composition  of  minerals 
are  formnlatedin  systematic  mineralogy,  the  correlations  between  form 
Rtrnctnre  and  age  are  formulated  in  systematic  paleontology,  and  a  S3  s- 
tematic  geology  will  be  attained  when  the  relations  between  the  compo- 
sition, the  stratignipliic  onler,  and  the  geographic  position  of  rock 
formation  can  be  adequately  formulated. 

The  experience  of  geologists  in  the  past  shows  conclusively  that 
composition  and  stratigraphic  order  of  sequence  are  intimately  asso- 
ciated with  geographic  locality.    Each  geographic  provluoe  hai&  Uj&  <^hivl 


268  THE  DEVONIAN  AND  CAKBONIPEROUS.       [buu.80. 

history  aud  will  altimately.reqaire  its  own  nomeuclatare  and  classifica- 
tion. 

It  was  Eirwan,^  I  believe,  who  classified  the  rocks  as  '^  motrntains^" 
translating  the  Oerman  word  <'  gebirge"  into  mountain,  instead  of  forma- 
tion, as  we  should  do  now ;  tbas,  <^  Steiukohlen  gebirge,"  ^*  graawacken 
gebirge,"  he  called  ^* Garboniferoas  mountains,"  ^<  Grey walcke  moun- 
tains." 

Although  the  double  sense  is  at  once  evident  to  us,  the  conception  of 
the  German  geologists  expressed  in  applying  the  name  '^  Gebirge^to  a 
geologic  formation  is  not  so  far  wrong  as  at  first  it  would  appear.  It 
was  long  ago  learned  that  uniformity  of  nomenclature  for  mountains  of 
different  continents  is  absurd. 

Although  some  relation  exists  between  the  position  on  the  continent, 
the  distance  from  coast,  and  the  size  of  the  adjacent  sea,  as  Guyot  has 
shown,  geographic  position  of  a  mountain  is  the  one  thing  distinguish- 
ing it  from  all  other  mountains,  and  no  consideration  of  similarity  in 
mountains  dispenses  with  the  necessity  of  separate  names  for  every 
local  mountain  range.  Although  covered  from  sight,  and  with  our 
present  knowledge  difficult  to  outline,  it  is  altogether  probable  that 
geologic  formations  are  as  completely  separated  geographically  as  are 
mounUuns.  Any  classification  of  formations  which  does  not  recognize 
geographic  position  as  of  primary  importance  is  artificial,  and  in  the 
nomenclature  regard  for  the  geography  must  find  a  place  if  we  would 
be  scientifically  accurate. 

Having  defined  the  geologic  formations  of  a  province,  their  correla- 
tion with  those  of  another  province  can  be  made  only  by  means  of  the 
fossil  contents.     This  the  experienced  geologist  has  demonstrated. 

History  shows  that  the  correlations  which  have  best  endured  the  test 
of  time  were  made  regarding  formations  whose  structural  and  strati- 
graphic  features  were  elaborated  inde[)endently  of  the  correlation,  and 
the  correlation  of  which  was  based  upon  cjirefiilly  collected  and  exhaust- 
ively studied  fossils.  The  records  of  structure,  composition,  and  strati- 
graphic  order,  when  based  upon  careful  observation,  are  permanently 
valuable  contributions  to  knowledge,  and  their  value  is  not  increased 
by  attempts  to  fit  them  into  some  established  classification  upon  scant 
l)aleoutologic  data  or  hasty  paleonlotogic  comparison. 

The  classification  made  by  the  field  geologist  should  not  be  warped 
to  conform  to  any  standard,  not  even  that  of  the  ad joiniug county,  unless 
there  is  structural  evidence  of  identity  of  formations.  Correlation  by 
physical  means,  i.  e.,  inferen(;e  from  general  dip,  altitude,  thickness, 
when  associated  with  likeness  of  composition,  is  practicable  for  short 
distances  and  when  made  by  experienced  geologists,  but  even  then  the 
determination  is  not  absolute;  contradictory  paleontologic  evidence  in 
the  hands  of  an  equally  expert  paleontologist  should  always  be  given 
j)recedence. 


•» » Geological  Eaaa^a,'^  L.v)uOlvju,  n^Si. 
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The  undispated  correlations  from  one  province  to  another,  as  from 
the  European  sections  to  those  of  New  York,  from  the  Appalachian  to 
the  Mississippian  provinces,  or  from  either  of  these  to  the  Acadian 
province,  rest  entirely  upon  biologic  evidence — coal  beds  and  masses  of 
coral  and  crinoidal  limestone  are  of  biologic  not  geologic  origin.  Such 
correlations  are  generally  satisfactory  so  far  as  they  pertain  to  the  gen- 
eral equivalency  of  systems  or  series ;  but  all  attempts  to  correlate  with 
precision  the  limits  of  such  divisions  or  to  establish  uniformity  in  the 
subdivisions  of  two  separate  provinces  ha»  proved  forced  and  artificial, 
and  the  history  of  American  geology  shows  that  after  the  determina- 
tion of  the  general  equivalence  of  age,  in  matters  both  of  classification 
and  of  nomenclature,  little  attempt  has  been  made  to  attain  uniformity 
with  outside  standards.  Paleontologists  have  discussed  the  relations 
between  the  fossil  faunas  of  America  and  the  European  standards,  but 
the  cases  have  been  rare  in  which  the  differences  have  not  been  as  con- 
spicuous as  the  agreements. 

The  principles  involved  in  correlations  made  by  use  of  fossils  are 
parely  biologic  and  are  intimately  concerned  with  the  laws  of  structure 
and  growth  of  the  individual,  with  the  efi'ects  of  environment  and  geo- 
graphical distribution,  with  the  laws  of  heredity  and  evolution,  and 
with  the  laws  of  relationship  of  organisms  to  each  other  and  to  geo- 
logic time.  The  discussion  of  these  matters  would  be  out  of  place  here; 
but  it  may  be  said  that  the  great  advance  attained  in  the  accuracy  and 
ill  the  general  methods  of  geologic  correlation  during  the  last  twenty 
years  is  mainly  due  to  the  changed  conceptions  regarding  the  nature 
of  the  organic  species. 

The  Cuvierian  notion  of  species  was  entirely  consistent  with  the  no- 
tion of  sharply  defined,  uniform  delimitations  and  ^^ universal"  forma- 
tions. Each  species  was  supi>osed  to  belong  to  one,  and  how  it  could 
appear  in  two  formations  was  not  explained.  The  Darwinian  notion  of 
species  is  not  consistent  with  sharply  defined  lines  in  the  classification 
either  of  organisms  or  of  formations. 

According  to  this  notion  the  modification  of  organic  form  is  conceived 
as  not  an  arbitrary  matter,  but  sis  correlated  with  difierence  of  environ- 
ment and  of  genetic  relationship,  so  that  the  lesser  variations  of  spe- 
cific form  are  of  as  great  value  to  the  modern  paleontologist  for  pur- 
lK»ses  of  correlation  as  is  the  identity  of  species.  Comparison  of  allied 
species  in  the  same  genus  exhibits  to  him  the  rate  and  direction  of  mod- 
itication  taking  place  in  the  genetic  history  of  the  genus,  and  in  the 
plastic  or  variable  characters  he  finds  a  sensitive  indicator  of  the 
stage  of  development  attained  by  the  race  when  the  particular  indi- 
vidual lived.  Biological  study  shows  him  that  fossils  must  contain  in- 
trinsic evidence  of  their  geologic  age  independent  of  the  formations  in 
which  they  were  buried,  and  his  chief  work  is  to  learn  what  this  evi- 
dence is  and  how  to  interpret  it.  To  such  evidence  the  final  appeal 
must  be  made  in  all  cases  of  the  correlation  of  geologic  formations. 
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LETTER  OF  TRANSMITTAL. 


Depabtment  of  the  Intebiob, 
United  States  Geological  Survey, 
Division  op  Geologic  Cobeelation, 

Waahingtony  D.  C,  April  1, 1891. 

Sib  :  I  have  the  honor  to  transmit  herewith  a  memoir  by  Mr.  G.  D. 
Walcott,  on  the  Cambrian  of  North  America,  prepared  for  publication 
as  a  bulletin. 

The  Division  of  Geologic  Correlation  was  created  for  the  purpose  of 
summarizing  existing  knowledge  with  reference  to  the  geologic  forma- 
tions of  North  America,  and  especially  of  the  United  States ;  of  dis- 
cussing the  correlation  of  the  formations  found  in  different  parts  of  the 
country  with  one  another,  and  with  formations  in  other  continents ; 
and  of  discussing  the  principles  of  geologic  correlation  in  the  light  of 
American  phenomena.  The  formations  of  each  geologic  period  were 
assigned  to  some  student  already  well  acquainted  with  them  and  it' was 
arranged  that  he  should  expand  his  knowledge  by  study  of  the  litera- 
ture, and  by  field  examination  of  classic  localities,  and  embody  his 
results  in  an  essay.  The  general  plan  of  the  work  has  been  set  forth 
on  page  16  of  the  Ninth  Annual  Report  of  the  Survey,  and  on  pages 
108  to  113  of  the  Tenth  Annual  Report,  as  well  as  in  a  letter  of  trans- 
mittal to  Bulletin  No.  80  of  the  Survey. 

The  first  of  the  series  of  essays  resulting  from  this  work,  prepared 
by  Prof.  Henry  S.  Williams,  pertains  to  the  formations  of  the  Car- 
boniferous and  Devonian  periods,  and  constitutes  Bulletin  No.  80. 
The  present  essay  is  the  second  of  the  series,  and  others  will  follow. 

Mr.  Walcott  finds  that  the  American  Cambrian  includes  three  faunas, 

of  which  the  first  and  third  are  of  continental  range,  and  that  by  the 

aid  of  these  faunas  the  formations  in  the  various  geologic  provinces 

may  be  classified  into  thriee  divisions,  an  upper,  a  middle,  and  a  lower. 

He  finds  also  that  these  divisions  may  be  homotaxially,  and  perhaps 

chronologically,  compared  with  divisions  of  the  European  Cambrian. 

Very  respectfully,  your  obedient  servant, 

G.  K.  GnjBEKT, 

Geologist  in  Charge. 
Hon.  J.  W.  Powell, 

Director  U.  8.  Geological  Survey, 

13 


■^'4 


OUTLINE  OF  THIS  PAPER. 


This  work  is  a  reyiew,  by  one  who  is  working  in  the  Cambrian  field,  of  the  work  of 
his  predecessors,  and  of  the  results  they  and  he  have  thus  far  obtained  as  he  interprets 
them.  It  thns  becomes  historical  and  descriptiye,  and  is  a  general  statement  of  the 
principles  upon  which  the  correlations  have  been  made  in  establishing  the  groap. 

Chapter  i  gives  a  statement  of  the  principles  upon  which  the  delimitation  of  the 
group  is  based,  a  few  brief  remarks  upon  the  nomenclature  of  the  formations,  and  a 
list  of  the  books  and  articles  consulted  in  the  preparation  of  this  paper. 

Chapter  u  gives  a  historical  review  of  the  geologic  and  paleontologic  work  that 
has  been  done  in  the  four  provinces  in  which  the  sediments  of  the  Cambrian  group 
occur.  These  are  the  Atlantic  Coast  Province;  the  Appalachian  Province,  which  is 
divided  into  the  Northern  Appalachian  and  Southern  Appalachian  areas;  the  Rocky 
Mountain  Province,  and  the  Interior  Continental  Province.  The  latter  is  divided 
into  the  Upper  Mississippi  Area,  the  Eastern  Border  or  Adirondack  sub-Province,  the 
Western  Border  or  Rocky  Mountain  sub-Province,  and  the  Southwestern  sub-Prov- 
ince of  Texas  and  Arizona.  Within  each  of  the  provinces  the  historical  data  are  re- 
viewed by  the  political  divisions  of  States  and  Territories,  and  in  British  North 
America  by  provinces. 

The  historical  review  of  the  geologic  work  embraces  all  that  has  come  within  the 
knowledge  of  the  writer  of  the  descriptive  geology  of  the  rocks  now  referred  to  the 
Cambrian  group.  The  paleontologic  review  includes  only  the  mention  of  the  genera 
and  species  described  by  the  various  authors. 

Chapter  iii  is  a  record  of  the  names  that  have  been  employed  to  designate  various 
formations.    It  is  of  an  historical  rather  than  a  controversial  character. 

Chapter  iv  gives  a  summary  of  the  present  knowledge  of  the  formations  in  each  of 
the  four  geologic  provinces,  in  the  same  arrangement  as  that  of  the  historical  review 
in  chapter  ii.  The  attempt  is  made  to  give  a  concise  statement  of  the  present  knowl- 
edge of  the  formations  referred  to  the  Cambrian  group  within  each  province.  The 
paleontologic  references  are  to  the  larger  subdivisions  of  the  fauna  without  mention 
of  genera  or  species.  These  will  be  described  in  special  monographs,  now  in  the 
course  of  preparation.  At  the  close  of  this  summary  there  is  a  synopsis  of  the  Cam- 
brian group,  in  which  it  is  stated  that  the  group  is  established  by  (a)  the  presence 
in  the  Rocky  Mountain  Province  of  6,000  feet  of  limestone  with  an  undetermined 
mass  of  quartzite  beneath ;  (5)  in  the  Appalachian  Province  by  over  12,000  feet  of 
quartzite,  shales,  slates,  and  limestones;  (o)  a  continental  distribution ;  {d)  a  charac- 
teristic, highly  differentiated  fauna.  A  table  of  the  classification  of  the  formations  is 
arranged  with  the  type  formation  of  each  subdivision  at  the  head,  while  beneath 
are  the  formations  correlated  with  it. 

A  map  showing  the  geographic  distribution  accompanies  this  chapter ;  also  one 
on  which  the  sedimentation  is  illustrated  by  vertical  columns  of  strata.  A  section 
across  the  continent,  with  the  base  of  the  Ordovician  fauna  as  the  upper  limit  and 
the  columns  of  strata  arranged  beneath  it,  reveals  the  presence  of  a  great  trough 
along  the  line  of  the  Appalachians  from  Alabama  to  Labrador,  and  a  second  trough 
on  the  western  side  of  the  continent  west  of  the  eastern  Rocky  Mountain  ranges. 
It  is  claimed  that  the  great  interior  Continental  Province  was  a  land  area  dKm^\% 
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Lower  and  Bfiddle  Camlniaii  time  and  that  the  Cambruyi  8e»  did  not  entar  19011  it 
aDtil  the  beisinning  of  Upper  Cambrian  time.  A  map  baaed  (PL  m)  apon  thia  viav 
illustrates  the  sappoeed  land  area  at'the  beginning  of  Cambrian  ttmab 

The  base  of  the  groap  is  stated  to  be  where  the  oldest  known  fimnatiiiat  ia  ssCsosd 
to  the  Cambrian  fanna  ooonn.  The  sommit  of  the  group  ia  the  qanritiom  ftom  tha 
Cambrian  to  the  Ordoyioian  fiMma,oirin  tiie  New  Totk  seotion  between  the  Fota- 
dam  sandstone  and  the  sapeijaeent  Caloiferons  formation.  The  rooks  or  Budimimts 
are  described  and  the  oonclhsion  reached  that  tttere  were  geographio  areas  in  whieh 
different  types  of  sedimentation  prevailed,  and  that  as  a  whole  the  sediments  were 
deposited  in  both  shallow  and  deep  waters  on  an  ooean  bottom  that  was  being  alowij 
depressed  in  relation  to  sea  level. 

The  study  of  the  fanna  indicates  that  tlie  group  may  be  oonvenlently  diTided  into 
three  divisions,  lower,  middle,  and  upper.  The  evidence  of  the  sedJmmitation  and 
orfi^anio  remains  proves  the  presence  of  geographic  provinces  in  Lower  Cambrian  time 
that  became  more  strongly  dUXerentiated  in  Middle  Cambrian  time  and  leas  atEoiigly 
marked  in  Upper  Cambrian  time. 

The  chapter  oondudes  by  notes  on  the  Cambrian  rooks  of  Great  Britaii^  Bnrope^ 
China,  India,  Australia,  and  South  America. 

Chapter  v  deals  with  problems  for  investigation  and  settlement  which  are  taken 
up,  for  the  looal  problems,  in  the  same  order  of  presentation  as  the  matter  in  ch^»- 
ters  u  and  xv.  The  general  problems  respecting  our  Icnowledge  of  the  Cambrian 
group,  as  a  whole,  or  in  large  parts,  are  discussed  separately,  as  are  the  problema  of 
nomenclature  and  classification.  The  latter  includes  a  statement  of  the  proUama 
relating  to  the  name  and  the  limits  of  the  group. 

Chapter  vi  is  devoted  to  the  study  of  criteria  and  principles  used  by  authors  in  tha 
correlation  of  the  various  parts  composing  the  Cambrian  group,  with  obaervationB 
on  some  methods  of  oorrelation.  The  first  portion  includes  the  historical  notes,  and 
is  ik  review  in  chronologic  order  of  the  principles  of  correlation  used  by  authors  in  the 
United  States  and  Canada,  and  observations  by  authors  upon  correlation  of  Amerioan 
with  European  formations.  This  review  shows  that  many  authors  have  expressed 
sound  views  upon  methods  of  correlation  and  that,  with  the  exception  of  the  addi- 
tions made  since  the  theory  of  evolution  began  to  influence  paleontologists,  ilie 
addition  to  methods  has  Loen  relatively  small.  Under  the  heading  of  methods  of 
correlatiou,  correlation  by  superposition,  organic  remains,  lithoiogic  characters, 
and  uucoiiformity  are  treated  of  at  some  length.  Under  organic  remains  are  con- 
sidered life  zones,  stage  of  evolution,  life  history,  contemporaneity,  homotaxis,  and 
percentage  of  species.  Ueference  is  also  made  to  homogeny  and  topugraphio  features 
as  elements  entering  into  the  problems  of  correlation* 
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THE  CAMBRIAN  GROUP  OP  ROCKS  IN  NORTH  AMERICA. 


Bt  Ohables  D.  Waloott. 


CHAPTER  I. 

INTRODUCTORY. 

This  report  is  an  anfinished  memoir.  It  is  an  account  of  the  present 
knowledge  of  a  great  geologic  groap  that  will  require  prolonged  inves- 
tigation to  bring  it  to  the  status  in  descriptive  geology  already  attained 
by  the  superjacent  members  of  the  Paleozoic  system.^ 

The  history  of  the  origin  and  application  of  the  term  Cambrian  in 
geologic  nomenclature  is  presented  in  connection  with  the  description 
of  the  names  that  have  been  employed  in  the  classification  of  the  various 
formatious  characterized  by  the  types  of  the  "First  or  Primordial  Fauna'^ 
of  Barrande.  The  basal  fauna,  as  now  known,  is  that  of  the  Olcnellus 
zone;  and  the  upper  horizon  of  the  group  is  drawn  at  the  summit  of 
the  series  characterized  by  theDikellocephalus  fauna  of  North  America. 
The  delimitation  of  the  group  is  based  on  the  principles :  {a)  that  the 
great  geologic  groups  must  rest  on  the  broad  zoologic  characters  of 
their  included  faunas,  and  not  upon  local  stratigraphic  breaks  between 
certain  seiies  of  rocks  or  upon  local  differences  in  sodimentatiou;  (b) 
that  the  most  reliable  chronologic  scale  in  geology  is  that  afforded  by 
the  relative  magnitude  of  zoologic  change ;  and  (c)  that  the  geologic 
duration  and  importance  of  any  system  are  in  strict  proportion  to  the 
comparative  magnitude  and  distinctness  of  its  collective  fauna.' 

Geologic  classification  has  been  largely  based  upon  the  imperfections 
of  the  geologic  record  and  an  arbitrary  assumption  of  breaks  in  the 
chain  of  sedimentation  and  life  that  are  not  of  universal  extent.  Oeo- 
logic  continuity  must  have  been  a  fact  and  the  sequence  of  life  and 
deposition  continued  uninterrupted  on  some  portion  of  the  earth  from 
the  earliest  Cambrian  time  to  the  present  day.  Such  continuity  could 
not  have  existed  in  any  one  province,  and  it  is  doubtful  if  the  complete 
record  will  ever  be  regained.    In  its  absence  the  classification  already 


>  In  the  preparation  of  the  hiHtorical  portion  I  rocoived  material  aafiistance  from  Prof.  Joseph  F. 
Jaine«,  who,  taking  as  a  haaia  tho  biblio|^aphic  card-catalo>;ne  of  Mr.  N.  H.  Darton,  prepared  a  series 
of  brief  abstracts  which  gnidcd  me  in  my  historical  research. 

'Lap worth,  Charles.    Goologlcal  Magazine,  new  ser.,  doc.  XI,  1879,  vol.  6,  p.  3* 
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o.stubli.sljed  18  adopted  and  theu  arbitrarily  assamed  wbenever  the  orig- 
inal haHia  for  it  in  cleared  away  by  more  iierfect  knowledge. 

Forc<invenieneeof  descriiition  and  geologic  cartography,  the  geologic 
formation'  is  taken  as  the  primary  unit  of  classification.  The  oom- 
binatioii  of  these  primary  units  forms  the  terrane,  which  may  be  com- 
poscfl  of  any  number  of  geologic  units.  The  groupings  of  the  terranes 
form  the  groups,  and  the  union  of  the  groups  the  systems.  Thus  the 
Potsdam  sandstone  of  the  Adirondacks,  the  Dutchess  Connty  limestone 
of  New  York,  the  npi>er  Knox  shales  of  Tennessee,  the  Hamburg  shales 
of  Nevada,  and  many  other  formations  unite  to  form  the  Upiter  Gam- 
lirian  terrane.  The  union  of  the  Upper  Cambrian  with  the  Middle  and 
tiie  Lower  Cambrian  builds  up  the  Cambrian  group.  The  combination 
of  the  Cambrian,  Silurian,  Devonian,  and  Carboniferous,  forms  the 
Paleozoic  system. 

The  nomenclature  of  the  formations  of  any  group  firequenUy  ex- 
presses in  local  terminology  the  history  of  the  development  or  evolu- 
tion of  knowledge  of  the  group.  For  instance,  the  formations  compos- 
ing the  Cambrian  begin,  in  America,  with  the  ^^  Granular  Quarts"  and 
tlii^n  follow  the  Potsdam  sandstone,  the  St.  John  shales,  the  Ghilhowee 
sandstone,  etc.  The  x»lau  of  naming  the  formations  from  the  locality 
at  whicli  they  are  best  developed  is  a  great  safeguard  and  can  be  f^ 
(jiieiitly  adopted.  For  instance,  the  Potsdam  sandstone  of  New  York 
)ia.s  its  type  locality  at  Potsdam  in  St.  Lawrence  County,  where  it  can 
be  n;adily  identified.  To  say  it  is  identical  with  the  Upper  Cambrian 
or  St.  (Jroix  sandstone  of  the  Mississippi  Valley,  with  which  it  has  been 
idcMitifuMi,  and  to  speak  of  the  latter  as  the  Potsdam  sandstone,  is  to 
praeti(;iilly  Ktatc  that  they  are  synchronous.  The  use  of  the  name  St. 
<'roix  does  not  imply  this.  It  enables  the  geologist  to  mention  the 
formation  without  assuming  a  correlation  that  he  may  or  may  not  be- 
lieve in. 


'  I>r.  -i.  'T.  I>i;;Mby  MtMt*^ii  tliAt  "Acconliiif;  to  DcHhaypH  'a  forniatiou  if*  a  apact)  of  time  represented  by 
u  I  •'!  tain  ni]iii))f;r  of  liedn,  laid  (!oi?ii  under  tlit>  iiiiiucncv  of  tlir>  banie  phenoDiena,'  or,  in  other  wonla,  a 
luriiiiiliiMi  irt  (-)i:ir.'ict<:ri/.i)il  liy  tlio  (roimtanry  uf  itM  funriiU."  (Oil  tlie  Paleozoic  baaio  or  the  State  d 
NfM  Villi;.  Part  II.  ClaHHification  uf  t)ii>  Paleozoic  strata  of  thv  State  of  Kuw  York,  fjiuurt.  Jour. 
i',i.i>\.  .S4)C.  LvuUuu,  Ib^,  Yul.  14,  pp.  428,  430.) 
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CHAPTER IL 

HISTORICAL   REVIEW   OP  THE  GEOLOQIC   AND   PALEONTOLOQIC 

WORK. 

The  scofie  of  this  review  is  limited,  with  a  few  exceptions,  to  the  no- 
tice of  }mi>erB  and  memoirs  that  have  added  something  original  to  the 
preexistent  knowledge  of  the  rocks  and  faunas  now  referred  to  the 
Cambrian  group. 

Several  methods  of  presenting  the  historical  data  have  suggested 
themselves. 

(1)  Chronologic;  (2)  Geographic  and  chronologic ;  (3)  ChronologiC| 
geographic,  and  stratigraphic. 

(1)  Chronologic. — This  method  necessitates  reference  to  papers  in  the 
order  of  their  imblication,  whether  they  treat  of  Cambrian  rocks  in 
Newfoundland,  New  York,  Alabama,  or  Nevada.  All  is  subservient  to 
the  chronologic  record. 

(2)  Oeographic  ami  chronologic. — This  method  permits  of  the  chrono- 
logic grouping  of  the  papers  referring  to  the  rocks  under  consideration 
in  geographic  areas. 

(3)  Chronologic^  geographic^  and  stratigraphic. — This  third  and  more 
comprehensive  method  arranges  the  review  in  the  form  of  a  statement 
of  the  historical  data  as  in  the  second  method,  with  the  addition  of 
treating  of  such  primary  divisions  separately  as  may  be  thought  worthy 
of  such  consideration.  To  this  there  may  also  be  added,  in  excei^tional 
instances,  the  chronologic  arrangement  of  the  discoveries  and  opinions 
ot'some  of  the  more  prominent  investigators  and  authors. 

The  second  method  is  adopted  in  this  review  in  connection  with  the 
third,  where  the  latter  is  necessary  in  order  to  present  more  clearly  the 
evolution  of  the  present  knowledge  of  the  rocks  and  fauna  of  the  Cam- 
brian group. 
The  Cambrian  groupcan  UHually  bedivided  into  three  primary  divisions. 
Fir«t,  the  Lower  Cambrian;  xcco/trZ,  Middle  Cambrian;  thinly  Upper 
Cambrian.  This  nomenclature  will  be  used  throughout  the  review, 
when  it  is  necessary  to  refer  to  a  standard  generally  known. 

Kocks  of  Cambrian  age  occur  on  the  North  American  continent  in 
four  principal  geographic  areas  or  geologic  provinces.     In  reviewing 
the  literature  it  is  possible,  owing  to  the  investigators  in  each  province 
having  limited  their  work  to  their  respective  provinces,  to  present  the 
history  of  discovery  and  publication  in  each  by  itself,  as  follows: 
I.  ITie  Atlantic  Coant  or  Eaat^rn  Border  Province. 
II.  The  Appalachain  Chain. 
IIL  The  Rocky  Mountain  or  Western  Border  Province. 
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TV.  The  Interior  Continental  or  Central  Province. 
The  record  of  paleoutologic  iuvestigatioQ  in  each  provinoe  will  fol- 
low the  geologic  review. 

ATLANTIC  COAST  PROVINOE. 

The  Atlautic  coast  proviuco  includes  the  deiiosits  on  the  island  of 
Kewfouiidland,  the  provinces  of  Nova  Scotia  and  New  Brauswiok  aud 
Cape  Bi-eton,  aud  the  States  of  Maiue,  New  Hampshire,  and  eastern 
Massachusetts. 

NEWFOUNDLAND. 

Systematic  geologic  investigation  in  Newfoundland  began  with  Prof. 
J.  Beete  JukeH,  who  in  1843'  published  a  rei)ort  of  his  studies  in  field 
and  ofllcc.  He  describes  the  relation  of  the  strata  at  the  base  of  the 
Paleozoic  section  (now  referred  to  the  Oleuellus  zone),  to  the  nnoon- 
formably  subjacent  crystalline  rocks  about  Conception  Bay,  and  men- 
tions the  red  shales  in  which  the  Oleuellus  fauna  is  now  known  to 
occur,  as  well  as  the  green  and  dark  shales  of  the  Paradoxides  zoney  as 
subsequently  known.  A  description  is  given  of  the  upper  slate  for- 
matiou  as  shown  on  the  islands  in  the  bay,  under  the  name  of  Bell 
Island  shale  and  grits ;  and  of  the  lower  slate  under  the  name  of  St- 
John's  slate,  2,000  to  3,000  feet  thick,  as  seen  near  the  town  of  St. 
John's ;  also  the  superjacent  Signal  Hill  sandstone,  about  800  feet  thick.' 
lu  the  absence  of  fossils  no  attempt  was  made  to  correlate  the  forma- 
tions with  those  of  England.  On  the  map  accompanying  the  report 
the  geograi)hic  distribution  is  given  of  the  lower  slate  (St.  John's)  and 
of  the  upper  slate  (lU^ll  Island)  formations  about  Conception  Ba}'  aud 
Smith  iSound. 

Two  years  later  Cajit.  II.  \V.  IJaytichP  described  a  sandstone  with 
subjacent  red  and  white  limestone  on  the  Straits  of  Belle  Isle,  which 
he  stated  contained  a  species  of  Cyatho[)hyllum.  This  is  the  first  notice 
of  the  Lower  Cambrian  roc^ks  containing  Archa^ocyathus,  aud  it  is  the 
second  recorded  discovery  of  fossils  now  referred  to  the  Oleuellus  zone. 

At  a  meeting  of  the  Boston  Society  of  Natural  History,  April  20, 1859, 
J)r.  C.  T.  Jackson  exliibited  a  trilobite  from  the  calcareous  slate  of  St 
Mary's  Hay,  Newtbundland,  which  he  thought  identical  with  Paradox- 
hits  liarlani  from  llraintree,  Massaehusetts.  He  said  that  this  forma- 
tion could  be  ibllowed,  though  in  an  interrupted  line,  from  Braintree 
to  Newfoundland.' 

In  isr»i)  Mr.  »J.  \V.  Salter'  received  a  si)e(!imen  of  the  genus  Paradox- 


'  «;»iiii;il  ujiiMt  1(1  th'-  «'<uio;;i(al  sui  \  t  y  of  Nt-wliiuinllaiid  in  Ir'o'J  ami  1810,  pp.  160,  2  pla.,  LondUD, 
IMJ. 

^1  )\i.  I  it.  i>|i.  ."i  <■,(!. 

'On  tin'  )iMntii)ii  of  tin-  tiansitiiin  .luii  ]iriui;irv  rocks  oi  (lanailu  and  Labrador.  Quart.  Jour.  GeoL 
Sur.,  I.uml'iii.  Mil.  1     l/"!'.    )ip.  4r»i)    >.'>:•. 

*Oii  a  inluliMc  iriMii  I>raintn:c.     15o«iton  Sin;.  Nat.  Hist.,  rioi-...  viil.  7,  185I»,  p.  54. 

•Oil  tin-  fiis>iN  oi  tlic-  Lin;:ul.i  ila-rt  oi  -Zono  rriuiuidiulc  "  C^nart.  Jour.  GeoL  Soo.,  ItOodon,  roL 
JO,  iTJU,  J»ji.  JOl-OOj. 
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ides,  collected  ftom  the  upper  slate  of  St.  Mary's  Bay,  Newfoandland, 
which  ho  described  under  the  name  of  Paradoxides  benneUij  calling 
attention  to  its  relation  to  Paradoxides  Bpinasm  and  P.  bohemicKSj  of 
Bohemia. 

In  1862,  Prof.  Jukes,  referring  to  his  work  in  Newfoundland,  stated 
that  he  included  under  the  upper  slate  formation  the  Bell  Isle  shale 
and  gritstone  and  variegated  slate;  and  in  the  lower  slate  formation  the 
Signal  Hill  sandstones  and  St.  John's  slate.  Ue  8a3's  he  did  not  find 
any  fossils  in  them,  but  that  Mr.  C.  Bennett  subsequently  found  trilo- 
bites  of  the  genus  Paradoxides  (named  P.  hemietti  by  Mr.  J.  W.  Salter) 
in  the  slates  on  the  west  side  of  St.  Mary's  Bay.  *^  These  slates  belong 
to  the  group  I  called  the  St.  John's  slate,  which  is  covered  conformably 
by  the  Signal  Bill  sandstone.  The  Variegated  slate  group,  on  the  other 
hand,  i>as8es  up  into  the  Bell  Isle  shale  and  gritstone,  and  nearBrigus 
narbor,  in  Conception  Bay,  may  be  seen  to  rest  unconformably  on  the 
St.  John's  slate"  (as  described  in  1843).  ^  This  is  the  unconformity 
now  recognized  between  the  Cambrian  and  Algonkian  rocks. 

Eighteen  years  after  Captain  Bayfield  had  reported  on  the  strata  of 
the  north  side  of  the  straits  of  Belle  Isle,  Sir  William  £.  Logan '  des- 
cribed the  strata  resting  on  the  gneiss  as  red  and  green  sandstones,  231 
feet  thick,  overlain  by  gray,  reddish,  and  greenish  limestone.  In  the  lime- 
stone a  number  of  fossils  were  found  which  Mr.  Billings  identified  with 
those  found  in  the  *^  Red  Sandrock  "  of  Vermont.  The  formation  was  re- 
ferred to  the  Lower  Pot^am  by  Logan.  Fifteen  miles  across  the  straits, 
on  the  Newfoundland  coast,  the  rocks  are  apparently  of  Calciferous  age ; 
and  he  concluded  that  tbe  Potsdam  sandstone  zone  was  buried  beneath 
the  waters  of  the  Straits.^  In  the  description  of  the  section  at  Bonne 
Bay,  on  the  west  coast  of  Newfoundhmd,^  it  is  compared  with  tliat  at 
the  Straits  of  Belle  Isle;  and  on  pages  8G5-8G7,  the  section  at  Bonne 
Bay  is  given  in  detail.  Of  this  1,711  feet  are,  by  the  contained  fossils, 
referred  to  the  Potsdam  group. 

In  the  report  of  the  Geological  Survey  of  Kewfoundlaud  for  18(>4'''  a 
summary  is  given  of  the  then  existing  view  of  thcsuccession  of  the  Lower 
Paleozoic  rocks  in  North  America.  For  Newfoundland  the  succession 
of  the  rocks  now  referred  to  the  Cambrian  is  Upper  Potsdam,  Lower 
Potsdam,  and  St.  John's  group,  and  Newfouudhind  is  cited  as  the  local- 
ity where  the  lower  portion  of  the  series  is  complete.  The  lowest,  or 
St.  John's  group,  is  correlated  with  that  of  St.  John,  New  Brunswick, 
and  the  Paradoxides  beds  of  Braintree,  Massachusetts.  The  lower 
Potsdam  is  represented  by  several   hundred  feet  of   liniei^tones  and 


1  Tlio  Htudcnt'n  manual  of  K^ugy.    (Second  edition.    Edinburgh,  18C2,  p.  457. 

'Geulo}:ical  survey  of  Canada.  Itt'port  of  pruKreHH  from  Kh  conimcnconiKUt  to  1863.  Montreal,  1863, 
pp.  983, 11  platen.  Atlaa  of  maps  and  Houtiona,  with  au  inU-oduction  and  api>«udix.  Montreal,  1865.  9 
uiapa  and  sections. 

•  Op.  cit.,  p.  288. 
«0p.cit.,  p.293. 

*  Lojcan,  W.  £.,  Lower  Silurian  llocks  of  North  America.  GooL  Surv.  Newfoundland,  Rep.  Prog,  for 
ItfGi.  Hontrcttl,  1806.  pp.  45,  i6.    Kevi«ed  edition,  1881.  p.  49. 


52  TUE   CAMBRIAN.  (bull. 81. 

saudstones  ou  the  Stmits  of  Belle  Ide,  and  on  White  Bay,  ISewfonnd- 
land,  and  by  the  slatvs  of  St.  Albans  and  Georgia,  Vermont.  The  Up- 
per Potsdam  is  that  of  Wisconsin  and  Minnesota,  represented  in  the 
typical  Potsdam  of  New  York.  This  horizon  is  not  recognized  in  the 
northern  part  of  Newfoundland,  but  occurs  ou  Conception  Bay,  in  the 
southeastern  part.  The  tabulation  made  by  Logan  has  been  followed 
very  largely  by  all  writers  upon  American  geology,  and  the  snccessiou 
was  not  changed  until  1888,  when  it  was  discovered  that  the  St.  John 
group  of  Mr.  G.  F.  Matthew  was  above  the  Lower  Potsdam  of  Billings 
and  Logan. 

The  Geological  Survey  of  Newfuundhmd,  under  the  direction  of  Dr. 
Alexander  Murray,  added  materially  to  our  knowledge  of  the  Lower 
Paleozoic  rocks.  All  the  strata  beneath  the  Oalciferous  or  Quebec 
group  were  referred  to  the  Potsdam  group.'  In  the  neighborhood  of 
Canada  Bay,  on  the  east  coast,  the  entire  series  referred  to  the  Potsdam 
has  a  thickness  of  1,153  feet,  of  which  the  lower  7G0  feet  belong  to  the 
Lower  Cambrian  zone,  as  shown  by  OlenaUuH  vermontana  occurring  in 
the  upper  portion.*  In  the  report  of  field  work  for  18G8,  Dr.  Mur- 
ray^ describes  the  rocks  about  Conception  Bay,  in  the  southeastern 
portion  of  the  island.  Of  the  lowest  bed  exposed  on  Manuel's  Brook,  a 
small  stream  that  flows  into  Conception  Bay,  he  says:  ''On  Manuel's 
Brook  a  very  coarse  conglomerate  may  be  seen,  in  strong  and  moder- 
ately regular  beds,  resting  directly  upon  the  syenitic  gneiss  of  the 
valley  above.  •  •  •  About  400  yards  below  the  bridge  the  con- 
glomerate is  overlaid  conformably  by  a  set  of  dark  brown  or  blackish 
shales,  •  *  *  with  some  hard  cah'areous  brds  interst  rati  tied,"  and  this 
series  extends  down  the  stream  iic^aily  to  the  bay.'  Dr.  Murray  also 
describes,  in  a  section  at  Topsail  Head,  a  gray  compact  limOvStone  in 
strong  solid  beds,  1  to  2  feet  tliirk,  showing  a  vertical  thickness  of 
about  100  feet,  together  with  some  inters! ratified  shale.  The  limestone 
is  subjacent  to  a  dark  brown,  (inely  laininate<l  shale.  Detailed  sections 
are  given  of  the  shales  and  sandstones  exposed  on  Kelly's  and  Great 
l>ell  Islanils,  Coneei>tion  Hay;  the  former  has  a  thickness  of  712  feet 
and  the  latter  of  170  feet.  A  summary  of  the  roeks  referred  to  the 
Lower  Silurian  gives  an  entire  thickness  of  .'),.SSO  feet.'*  Figures  of  live 
sections  accompany  the  text,  in  which  the  nnconformity  between  the 
Lower  Silurian  rocks  and  the  subjacent  interme<liat<^  system  or  Iluron- 
ian  and  the  Areliean  is  well  shown.  The  subjaeent  slates  and  Signal 
Jlill  sandstones  of  Jukes  are  reierre'l  by  Dr.  Murray  to  the  Cambrian 
group  on  account  of  fossils  having  been  found  there,  which  Mr.  Bill- 
ings described  as  AspidrUa  terra  nnrii((  and  Arenieolites.** 

'  So(ni«'iir«'  and  diNtriliiition  of    tlH<  im  ks  of   !ln'  j:ii-.it    Nintlii'iii    riniiisula.     (JeoL    Surv.    New- 
foiiiKllaiid,  K<i>.    rri>;;.  for  I  »♦'•*,  MuntHMl,  l.srii'i.  pji.  ]0.  4i.     lii-vistU  cdicioii,  18^11,  pp.  5-47. 

^  <>p.  rii..  II.  10. 

'Ol  i]io  S('i|iii>iir(' mill  dMtrilnition  of  t)ii>  fniiniitiDiM.     }i>-poit   u))iiii  the  ;;«'i>lui;iuul  mirvcy  uf  New* 
fouiidl.iiiii  lV»r  1808,  St., John  >♦.  180.S   p.  tis.     ]Ii:M'*i:«1  idili«m.  l^-^l.  pj*   101  107. 

^<)p.  <  if.,  V  J"'* 
*(>/»,  cit..pji.  JjT-lCO. 
•Oi».  cit-,  p.  I4i. 
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In  the  repor^  for  18G9  a  description  is  giiren  of  the  Lower  Paleozoic 
rocks  studied  by  Mr.  Ilowley  as  they  occur  on  Trinity  Bay  and  SU 
Mary's  Bay.^  The  variegated  slates  of  Jukes  are  described  as  contain- 
iug  Paradoxides  and  the  superjacent  argHlaceous  shales  and  sandstones 
carry  Gruziana  and  other  fossils.  These  last  represent  the  rocks  of  the 
Bell  Islands  in  Conception  Bay.  In  the  report  for  1870*  a  summary  is 
given  of  the  then  existing  knowle^lge  of  the  Primordial  formations  in 
southeast  Newfoundland.  In  descending  onler  the  upper  formation  is  a 
brown  and  black  micaceous  shale  with  the  gray  micaceous  sandstones 
of  Great  Bell  Isle,  Conception  Bay.  The  organic  contents  are:  Two 
species  of  Lingula,  four  species  of  Pal^eophycus,  Eophyton  linnamnum  of 
Terrell,  another  Eophyton  unA'Cruziana  semiplicata  Salter.  Thickness, 
476  feet.  He  says  that  the  slates  of  Little  Bell  Isle  and  the  beds  of 
shale  beneath  the  water  are  considered  to  have  a  thickness  of  1,426 
feet,  to  which  the  Kelly's  Island  sandstone  and  shale  are  to  be  added, 
with  a  thickness  of  720  feet.  [As  now  known  this  forms  the  upper 
division  of  the  Cambrian.]  Beneath  this  he  describes  the  black  slates, 
with  Paradoxides  bennettij  having  a  thickness  of  150  feet.  On  St. 
Mary's  Bay  this  division,  united  with  the  red,  green,  and  black  shales 
or  slates,  in  which  Paradoxides  bennetti,  Conocephalites  gregarius  and 
other  fossils  were  recognized,  has  a  thickness  of  1,045  feet.  [This  forms 
the  middle  division  of  the  Cambrian  as  now  known.]  Below  this  the 
hard  thick  beds  of  gray  and  reddish  limestone  of  Topsail  Head,  Brigus 
South  Head,  Conception  Bay,  and-  the  Little  Salmonier  River  of  St. 
Mary's  Bay  are  united  with  various  outcrops  of  red,  green,  and  blackish 
argillaceous  slates  and  a  series  of  sandstones  below.  [These  form  the 
lower  division  of  the  Cambrian  as  now  known.]  The  total  thickness 
of  the  section  described  is  5,972  feet.'  Several  sections  are  illustrated 
to  show  the  rehirtion  of  the  Primonlial-Silurian  to  the  subjacent  rocks. 

In  the  report  for  1872  the  Primordial-Silurian  rocks  are  described  as 
they  are  exposed  on  Trinity  Biy,  et^.,  by  Dr.  Murray.*  lie  states  that 
on  paleontological  grounds  Mr.  Billings  is  disposed  to  draw  a  markinl 
distinction  between  the  upper  strata  of  the  section  of  1870  and  the 
lower  menil>ers  of  that  section,  in  consequence  of  an  apparent  hiatus  or 
bn»ak  in  organic  development  between  the  Paradoxides  beds  and  the 
fossilit'erous  strata  of  (ireat  Bell  Island  in  the  Conception  Bay  section. 
The  lower  measures  lie  [Billings]  appears  to  regard  as  the  equivalent  of 
the  lower  Lingula  flags  of  Great  Britain,  or  the  Menevian  group  of 
Salter  and  Hicks;  while  the  up])er  part.s  contain  forms  in  some  degree 
typical  of  the  hoiizon  of  the  Upper  Potsdam.*    Tliis  is  followed  by  a 


*  Murray,  Alcvamlcr.     Of  the  rwkn  and  aHMoriatod  iiiiiicraU  [of  ISonaviHtu  Kay,   etc.).    Report 
upon  the  f;e<)h»f;ical  Hurvoy  ot'XowroiindlHiKl  tor  1K09.    l^.'viHud  oililinii.  1881,  pp.  2<)0  20^. 

*  Murray,  Ah'xandtT.    Of  rriniordiaU  Sniiriaii.  ami  relatotl  format  iouH.   Ocol.  Surv.  NcwfuuniUand  for 
1870,  Sr.John'M.  1S70,  pp.30  43.     Kr\i8e<l  edition,  1881,   pp.  'J32-241. 

«Op.  cit.,  pp.  237-239. 

^DiHtrilmtioii  of  tlic  fonnatioiiH  [uf  Avalou).      Report  upon  (SimiI. Siirv.of  Xowfouiidlaud  for  1K72. 
St.  John'ik.  1873.  pp.  14-34.     KovImmI  cditinii.     Londou.  li<81,  pp.  285-297. 

*  Up.  oil  .p  2'Jl. 


54  THE   CAMBRIAN.  |«tJu.iL 

list  of  the  Rpoeies  doscrilicil  by  Mr.  Billings  from  the  Paroiloxides  zone 
and  the  Htrata  of  Gi'cat  Bell  island. 

Prof.  John  Milne  traveled  extensively'  alon^i^  the  coast  of  Newfonnd- 
land,  and  published  the  results  of  his  geolo^^ic  studies  in  asaociation 
Avith  the  ^<  Notes  ou  Geology  ^  by  Alexander  Hurray.^  The  Primordial- 
ISilurian  is  spoken  of  as  a  separate  division;  then,  snpc*rjacent  to  the 
rocks  of  this  formation,  come  the  Potedam  and  Galciferoos.  There 
docs  not  appear  to  be  any  additional  data  to  that  already  given  in  the 
report  on  the  geology  of  Newfoundland  by  Dr.  Murray. 

When  describing  some  fossils  collected  by  Mr.  T.  G.  Weston,  of  the 
Ganadian  Geological  Survey,  in  1S74,  fmni  St.  Mary's,  Trinity,  and  Con- 
ce]>tion  Bays,  Newfoundland,  Prof.  J.  F.  White^ives  states  that  the 
paleontological  evideui^e  sustains  the  view  of  Sir  W.  E.  JjOgan  that  the 
slates  of  St.  John\  Newfoundland,  probnbly  belong  to  the  same  horizon 
as  the  Acadian  or  St.  John  group  of  St.  John,  New  Brunswick.'  Of 
the  deposits  on  the  islands  of  Conception  Bay  he  says:  ^*From  Mr. 
Murray's  report  alrea<ly  quoted  it  would  appear  that  the  shales  of  Kel- 
ly's Island  are  not  quite  so  old  as  those  of  Manuel's  Brook,  but  that 
they  are  older  than  the  Menevian  saiulstones  of  Great  Bell  Island.^  ^ 

])r.  Murray  ap])ears  to  have  consi(lere4l  the  Potsdam  zone  as  above 
the  Primordial  beds  of  Newfoundland.  This  is  shown  in  the  chapter 
on  the  '*  Geology  of  Newfoundland,"  where  a  summary  of  the  geology 
is  presented  as  taken  from  Dr.  Murray's  work.^ 

Prof.  Alpheus  Hyatt,  in  his  expedition  to  Newfoundland,  visited  the 
north  coast  of  the  Straits  of  Belle  Isle,  and  collections  were  made  at 
A  use  au  Loup  and  Amour  Cove  from  the  "so  called  Potsdam  sandstones 
anil  limestones  of  the  Ganadian  survey.  The  observations  made  at  these 
points  indicate  a  fauna  quite  distinct  from  those  of  any  of  the  limestones 
or  slates  of  the  west  coast  of  Newfoundland.  The  absence  of  Gepha- 
lopoda  and  the  i»r4^vahM)ce  of  primitive  forms  of  Archa'ocyathus  show 
the  rocks  to  be  probably  ohlerthan  tlioseof  the  (Juel)ec  group  at  Port 
au  Ghoix  and  other  localities.  The  i)riiiiitive  sponges,  or  Archicocyathi, 
have  here  replaced  corals  comi)letely,  and  may  be  described  as  reef- 
buihlers,  since  numerous  huinniocks  and  masses  and  parts  of  the  strata 
are  formed  entirely  of  their  remains.  Innnediately  below  these  lime- 
stones, and  conformable  with  them,  lie  the  red  sandstones,  several 
layers  of  whie.h  are  perforated  with  Scolilhus  burrows."^ 

A  brief  summary  of  the  Lower  Cambrian  roeks  of  Newfoundland, 
was  given  by  Mr.  C.  1).  Wal(*ott,  in  a  study  of  the  Cambrian  faunas  of 


'On  llio  nn'k.H  of  Xt-wrnuinllaiul.     Ciiol.  Mn::..  new  s«*r.,  dor:iih<  II,  vul.  4, 1877,  pp.  2.'>l-262. 

'On  Hiiiiii    rriiii<iiiliiil  I'oHMilM  I'loin  soiitlnMstrni  Newt'oiiiullaiul.     Am. 'I«iur.  Sci.,  3d  m'I'.,  vnl.  10,  1H78. 


p.  225. 


'Op.iit.p.  22«. 

*  Ifuttnn,  .Fosi  i»h.  Jiml  M.  Ilurvrv.  ('I(^>1(iLrvot'N'('wrimn(l]ani1.  Ni>wl"oundl:uid.  tlionldeRt  Hrltifth  eolonv. 
itA  hi.'^tiiry,  ifsprcrtctit  tiiiifliiion,  iniii  \ln  pKMpcctM  in  t)io  tnturo.  London,  lKH:i,  pp.  178-187.  Amt^riciiii 
edition.  ISonton.  1Hk:{,  p|i.iriii-l.'i7. 

'K\prdition  to  Ncu  loiindiand.  Hoston  Sue.  N:tl.  JJi.st.  Vrm:.,  vol.  2:<.  ISijiG.  p. 319.  Cruiso  of  the 
J  rethima.     .S.-iiaico.  vol.  ti.  18H5.  p.  'JW'. 
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Korth  America^  wfaen  disonRsing  the  stratlgraphio  poAition  of  the  Ole- 
nellas  &aiia.  In  it  he  says'  that  the  only  locality  known  where  the  two 
faunas  oocnr  in  the  same  geograi>hic  area  is  on  Conception  Bay,  New- 
foundland; and  special  stress  is  placed  on  the  occurrence  at  Topsail 
Head  of  several  species  of  fossils  typical  of  the  Olenellus  zone  at  the 
Straits  of  Belle  Isle.  This  fauna  wa^  referred  to  the  Middle  Oambrian,^ 
althongh  Dr.  Mnrray  states  in  his  section  of  1868  that  Mr.  Billings  re- 
ferred the  species  to  the  Potsdam.*  By  this  Mr.  BillingR  probably 
meant  his  lower  Potsdam,  which  is  now  (1890)  included  in  the  Lower 
Cambrian. 

In  an  abstract  of  a  paper  on  the  Cambrian  faunas  of  Cape  Breton 
and  Newfoundland,  publiHhcd  in  advance  of  the  paper  read  l>efore  the 
Boyal  Society  of  Canada,  Mr.  G.  F.  Matthew^  classifies  the  horizons  of 
the  Cambrian  as  follows: 

(1)  The  horizon  of  Paradoxtdett  kjcrulfi. 

(2)  The  horizon  of  the  Conocoryplieea. 

(3)  The  horizon  of  Faradoxides  tesHini. 

(4)  The  horizon  of  Paradoxiden  npinoHUs. 

(5)  The  horizon  of  Paradoxides  davidin. 

It  is  stated"  that  "in  this  clasHiHcation  of  the  various  Newfoundland 
horizons  in  the  Paradoxidcs  zone  Mr.  Matthew  has  placed  that  of  Para- 
doxidea  J^erulfi  first  or  oldest,  because  that  is  its  position  in  Scandi- 
navia." In  the  final  paper  he  speaks  of  the  fossils  found  at  Topsail 
Head,  and  Brigus  on  Conception  Bay,  mentioning  Agraulos  strenumtj 
Iphidea  (allied  to  Iphidea  hella  Billings),  and  St&notheca  paupera  Bil- 
lings. He  says  these  fossils  do  not  give  sudiciently  firm  indications  to 
make  it  clear  that  they  are  older  than  some  other  horizons  m^^ntioned 
hereafter.  He  then  describes  the  fossils  of  the  Pariuloxides  zone.  A 
new  species,  8olenopleura  bomhifron/ij  is  described  from  the  limestone  of 
Topsail  Head.^ 

In  the  summer  of  1888  Mr.  C.  D.  Walcott  made  a  careful  study  of  the 
Cambrian  section  in  Newfoundland,  and  determined  the  Olenellus  zone 
to  be  beneath  the  l*ara<loxides  zone,  and  not  above  it,  as  arranged  by 
Logan  in  his  scheme  of  18G4.  A  detailed  seijtion  of  the  Cambrian 
strata  on  Conception  Bay  was  published,  with  lists  of  the  fossils 
occurring  at  the  different  horizons  in  it.^ 


'Second  Cfmtribation  to  the  iitu<Ii(>g  on  the  Cnnibrian  fiiunAR  of  North  Aincrioa.    U.  S.  Oool.  Siirv., 
Bull.  No.  no.  vol.  4, 1KH6. 

•Op.clt..  p.49. 

*  Op.  cit.,  p.  29. 

^Of  the  Hc<|uoncc  and  iliHtribntion  of  the  formationH.    lirport  upon  the  goulo^ical  survey  of  Now- 
foiindlanil  for  18i)8.     KoviMed  (Mlitlon,  1AR1,  "  IM  "  of  Roctioii,  p.  157. 

'The  Cambrian  faauaH  of  CaiK)  Uroton  and  Ncwfoundhind  (alintract).    Can.  Record  Sci.,  vol.  2, 1880, 
pp.  255-2M. 

*Op.cit.,p.2.58. 

'  On  the  Cambrian  fannos  of  Capo  Dreton  and  Newfoundland.    Koyal  Soc.  Canada,  Proc.  and  Tmna.. 
vol.4,  Bevtiun  iv,  1887,  pp.  147-167. 

«  Op.  cit.  p.  156. 

*Tbe  atratiio^phical  Aucc-ennion  of  the  Cambrian  fnnna.q  of  North  America.    Natnnt,  voL.lH,  1888, 
p.  551.    Stratiffraphic  position  of  the  OlenoIliM  fanna  in   North  America  and  F.urvkvc).     ^w\.  ^«s^x. 
SoL,  3d  aer., Tol.  87. 18»*.  pp.  374-302 ;  vol.  38, 1H8».  pp.  2d-42. 
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NOVA  SCOTIA. 

The  altered  or  metamorpliic  slate  belt  of  the  Atlantic  coast  of  Nova 
Scotia  is  reprcseDted  ou  au  early  geological  map  by  Dr.  Auraham  Ges- 
uer '  as  extending  from  Cape  Oauso  to  Cai>e  Sable.  He  states  that  the 
area  is  within  the  primary  district  and  composed  principally  of  granite, 
gneiss,  and  mica  slate.  A  general  description  of  the  rocks  is  given  in 
the  account  of  the  local  geology  of  the  townships  in  which  they  occur. 

At  a  meeting  of  the  Geological  Society  of  liondon  on  May  10,  1843, 
Dr.  Gesner*  presented  to  the  society  a  geological  map  of  Nova  Scotia, 
accompanied  by  a  memoir  on  the  geology.  In  the  text^  the  lowermost 
of  the  Silnrian  rocks  devoid  of  animal  remains  is  referred  to  the  Cam- 
brian. The  map  was  not  published  with  his  paper.  It  appeared  in 
1845^  in  connection  with  papers  by  Mr.  Richard  Brown,  on  the  geology 
of  Cape  Breton,  and  Mr.  J.  W.  Dawson,  on  the  Lower  Garboniferons 
rocks  or  gypsiferous  formation  of  Nova  Scotia.  The  strata  now  pit>- 
visionally  included  in  the  Cambrian  group  are  indicated  on  the  map 
as  micaceous  and  chloritic  slates,  clay  slate,  quartz  rock,  and  graywacke 
slate.  They  extend  entirely  around  the  central  area  of  granite  and 
syenite,  and  are  separated  from  the  Atlantic  coast  by  a  broad  belt  of 
color  designated  as  granite.  At  a  hiter  date  Gesner  described  the  strat- 
ified nonfossiliferouH  rocks  or  Cambrian  group  of  Nova  Scotia^  as  au 
extended  belt  of  hornblende  slate,  chlorite  shite,  clay  slate,  graywacke 
shvte,  and  quartzite,  succeeding  the  granite  and  its  associates,  and  with 
them  occupying  almost  the  whole  of  the  Atlantic  side  of  the  province. 
No  fossil  remains  have  been  found  in  any  of  these  metamorphic  masses. 

In  1S50  Dr.  J.  VV.  Dawson  described  the  Athuitic  coast  series  as  fol- 
lows : 

Tlio  ]>revailiiig  Ktratifiod  rooks  in  this  «^roup  arc  coinpiict  and  tlaj»jjy.^ray  quurtz- 
itti  (oftfu  wc'atln  rinj^  wliito),  mica  slate,  nnd  day  Hlat*',  the  hitior  usnally  of  dark 
colorn,  and  oocaHJoiially  }>aH8in<;  into  flinty  Hlato  and  ({nart/ite.     "     *     " 

T\m  hypojjono  rork.s  associated  with  them  arc  whito  and  llcs!i-t*o1onMl  j^rnuitc, 
\v1iich  h:iH  iM.Mit'ti:it(>d  tiuMnctaniorphic  rocks  in    lar^o  irregular  bands  and  uhimsch.** 

As  a  result,  of  his  study  of  this  grou])  of  rocks  Dr.  Dawson  concluded 
that  tliey  belonged  eitlier  to  some  of  the  older  members  of  the  Silurian 
systcMU  or  to  a  still  earlier  period.  In  tln^  first  eilition  of  the  Acadian 
Geology  Dr.  Dawson  stated  that  the  rocks  are  certainly  ohler  than  the 
Devonian ;  and  he  was  inclined  to  believe  that  they  represented  the 
Potsdam  sandstone  and  Utica  and  Hudson  Kiver  shales,  in  an  altered 
condition."    On  the  accompanying  map  their  geographic  distribution 


'  Ui'iiiai'kH  on  tlu>  >:oi»li>ij>  ami  iiiliM'r:ilii::\  of  Xnv.i  Scoiia.     Ilalifav,  N.  S.,  IKIG,  pp.  272. 
*A  };iol<>uir:il  map  uf  >iiiva  Sent ia,  with  an  at'LOiiipaiixin;^  iikimimi.     (Jool.  Sue.  Luudoii,  Proc,  vol. 
4,  181:J,  pp.  IW'i-lliO. 
^Op.rit.,  ]i.  1H7. 

«  (i«i»lo;iinil  Map  of  Nora  Srotia.     (Acrompanyini;  pajM-iM  liy  >r.  W.  Dawson  and  Richard  Brown.) 
Qiiait.  Jiiiir.  Cicol.  Sor.,  Lcuidon,  vol.  1.  Isl.'i,  oppo.,  p.  2.'i. 
*  Flu-  imliistrial  ivrtonm-s  of  N«»va  Srotia.     HaliJax.  X.  S..  Ij^'IO.  j»p.  2:{:{.  2:H. 

^()n  (/jo  riK't.'Uiiorphic  and  nit*tallil«ToiM  rocks  of  ra.MttMii  Nova  Sooti.i.     Cjiiart.  Jour.  Oool. Soc., Lon* 
don.  ro/.  6,  I8.X).  j>.  [ilH. 

Acmlmn  Gvolofiy,  Ui  Edit  ion,  EAlnburfe\i, IftO^i.  p-'i^l- 
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is  sbown  and  ia  the  legend  they  are  noted  as  ''perhaps  altered  Lower 
Silurian  "  strata. 

In  a  supplementary  ehapter  to  the  first  edition  the  slates  and  quartz- 
ites  of  the  Atlantie  coast  belt  are  spoken  of,  and  it  is  su^gesteil  that 
they  may  be  a  continnation  of  the  Primordial  zone  of  Newfoundland, 
in  which  Paradoxides  have  been  found.'  Mr.  E.  Billings  reviews  this 
supplementary  chapter  and  says:'  '^  We  are  strongly  inclined  to  the 
belief  that  this  supposition  will  yet  turn  out  to  be  well  founded." 

In  1862  the  slates  of  the  Nova  Scotia  metamorphic  slale  belt  were 
referred  to  the  Taconic  System.^  A  more  detailed  description  of  the 
rocks  was  published  by  Dr.  J.  W.  Dawson,  in  18G8,  in  which  they  are 
stated  to  be  formed  of  granite,  gneiss,  mica  slate,  quartz  rock  or  quart- 
zite,  and  clay  slate.  The  granite  apiiears  to  bo  intrusive,  and  the  gneiss 
is  considereil  a  product  of  a  metamorphism  or  baking  of  sedimentary 
rocks.  The  clay  slate  or  argillaceous  slate  abounds,  and  is  usually, 
along  the  Atlantic  coast,  of  a  gray  and  black  color,  varying  very  much 
in  texture  and  hardness.*  He  states  that  the  series  luis  not  aflbrded 
fossils,  but  it  appears  to  be  a  continuation  of  the  older  slate  series  of 
Mr.  J.  B.  Jukes  in  Newfoundland,  which  has  afforded  trilobites  of  the 
genus  Paradoxides.  On  the  map  accompanying  the  volume  the  geo- 
graphic distribution  of  the  series  is  clearly  exhibited. 

In  a  general  description  of  the  Nova  Scotia  gold  field  Mr.  J.  Camp- 
bell^ iniblishcs  a  section  across  the  gold-bearing  rocks  of  the  Atlantic 
coast,  in  which  the  arrangement  and  relative  position  of  the  dillerent 
groups  of  strata  are  well  shown.  There  is  a  great  thickness  of  <]nartz- 
ite  subjacent  to  blue  and  gray  slates  divided  midway  by  the  ^' black 
rock."  Very  few  details  are  given  of  the  section,  as  the  report  is 
mainly  devoted  to  a  description  of  mining  and  the  mo<le  of  occurninee 
of  gold. 

When  reporting  ni>on  the  Waverly  gold  district  Prof.  II.  Y,  ITind 
stated  that  he  ha<l  found  Palwotrochus  minor  and  Palwofroehus  major  o^ 
EmmouH,  besides  nuinerous  concretionary  forms,  in  the  Waverly  beds. 
He  considers  (a)  that  tliei^e  fossils,  if  identical  with  those  from  North 
Carolina,  probably  establish  the  cage  of  the  gold-bearing  rocks  of  Nova 
Scotia ;  {b)  that  they  occur  near  the  base  of  the  Lower  Silurian  System ; 
(c)  that  they  belong  to  the  upi)er  part  of  the  Potsdam  formation  and 
the  lower  part  of  tlie  Calciferous  formation,  and  (d)  that  they  are  sub- 
jacent to  tlio  great,  mass  of  serpentine  and  red  slates,  discovered  by 
Dr.  Iloneyman  in  Antigonish,  which  belong  to  the  Quebec  grouj).  The 
gold  series  is  correlate<l  with  that  described  by  Dr.  Kmmons  in  North 


'Siip])l«*raeiitnry  chapter  to  (Im*  Acailian  Ur.o1o;ry,  Kdinbur;;!!,  18G0,  p.  5'{. 

'[Keviow  of]  Acadian  (juolo;;y  aixl  a  SiippU-nioiitary  Chaptrr  thereto.  Caiiiuliaii  Nut.,  vol.5,  IRfiO, 
pp.  450-455. 

*Marcon,  JuloA.  [Tho  nlato  of  Xova  Scotia,  motamoriiliin  Tairoiiic  rock.]  lioston  Soc.  Nat.  Uiut., 
Proc.,  vol.  9, 1862,  p.  47. 

'Acailian  Oeolnf^y.  Tlit^  g«Milo;;ical  Htnicturo.  onrAnic  rHmaiiifl,  and  minnralrnsonrcct)  of  Nova  ScotiA, 
Now  Brnnswiclk,  ami  Prince  Kdwanl  iHland,  'Jil.  i-<l.     Loudon,  1S08,  pp.  613-615. 

■lU'port  on  tho  Gold  Fieldti  of  Nova  Scotia.     ILiliHix,  18(>3, pp.  VI. 
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Carolina^  In  a  paper  proscntcil  to  tlic  Goolo^ical  Society  of  London,' 
ami  siibsofjiiently  published  in  tTie  rc|>orton  the  Sherbrooke  gold  dis- 
trict of  Nova  Scotia,  I^of.  Hind  describes  the  gold-beariDg  rocks  of 
Nova  Scotia  as  follows : 

Tlio  Kold-lionririj;  rockn  of  Xova  Scotia  are  of  Lower  Silurian  age,  and  rest  either 
oil  HiinMiian  strata  or,  wlioro  those  have  berii  removed  by  dennilation,  on  the  old 
LaunMitiaii  f;iieiHH.  Tho  ir^t]^l  \n  found  chielly  in  beils  of  auriferous  quarts  of  con- 
Ininpor.ineouH  a^e  with  the  Hhites  and  quartzitos  coinpoHing  the  mass  of  the  aeriofl^ 
which  ill  Nova  Seotia  iM  1*2,000  fvct  thick,  and  the  auriferous  Iteds  are  worked,  in  one 
di.itiict  or  another,  throii};h  a  vertical  space  of  G,(X)0  feet.' 

In  a  report  on  the  gneissoid  series  underlying  the  gold-bearing  rooks 
of  Nova  Scotia  the  same  writer^  states  that  he  has  provisionally  referred 
the  gold-bearing  series  to  the  Lower  Silurian,  but  that  conclusive  evi- 
dence derived  from  fossils  has  not  been  obtained  from  the  gold-bearing 
slates  and  quartzites.  Since  the  discovery  of  the  forms  resembling  the 
l*alu*otr()chus  of  Emmons,  noticed  in  his  report  on  the  Waverly  dis- 
trict, he  has  sent  to  Mr.  killings  slabs  containing  supposed  fossils  fh>m 
the  Sherbrooke  rocks.  Mr.  Billings  thought  that  a  species  of  Orthis 
and  an  £osi)ongia  were  iiulicated.  In  describing  the  gold-bearing 
rocks  under  the  head  of  ^'  Lower  Silurian ''  Prof.  Ilind^  says : 

Thr  known  f^old-hoarin^  rocks  of  Xova  Scotia  consist  of  quartzites,  sandstones 
and  ^ritH,  iiitorHtratiliod  with  ar^illaci'oiis  slatort  and  thin  conformable  beds  of  snrif- 
cnMiMqnart/.  Tliis  portion  hnH. 'in  aHccrtaimulthicknoMSoxci^edinf; 9,000 feet.  •  •  • 
Tho  thir'kncHH  of  thf»  bhirk  slates  in  Nova  Scotia  oxrotids  \\,  000  fi'et,  so  that  the  gold- 
hfarin^  rocks  of  tlu^  pnivincc  have  a  known  thickni'ss  of  r2,0lK)  feet. 

Th(*  essential  ]Kirts  of  the  description  in  the  List  paper  are  also 
printed  in  tin*  Aniprifan  Journal  of  SciriKuV' 

In  iiis  rrport  on  tlh*  gold  fields  of  (^>uoh<»c  an<l  Nova  Scotia,  Dr.  A. 
It.  (3.  Selwyif  speaks  of  the  geologieal  position  of  the  Atlantic  coast  series 
of  stratified  gold-bearing  slate  and  (luart/ite,  stating  that  all  former  ob- 
servers are  agreed  that  they  i>n»bably  belong  to  the  Lower  Silurian 
serit»s.  II is  first  impression  of  tliem  was  that  they  represented  the 
gronps  knt>wn  in  Untain  as  the  Harlech  grit  or  quartzito,  and  the 
Lingula-flag  series.  lie  diseovere<l  in  the  gray  sandy  and  Haggy  pyri- 
tons  slates  at  the  Oven's  Hlnffs  nunierons  speeiniens  of  the  genus 
Kophyton,  an<l  states  that  Mr.  liillings  regarded  this  genus  as  charac- 
teristic of  the  rrinuMlial  Silurian  ep<»eh.  He  then  gives  an  account  of 
thi^  <listribntion  of  tlu»  g<'nns  Kophyton,  and  in  conclusion   nays:  "In 


'  Ui'iinit  iiri  till'  WiiiTlv  <;olil  Distiii-t.  with  m'nlnuir.il  iii;i|m  liiiil  Hi-rlioiM.      HiiUrux,  ISGO,  p.fil. 

*Oii  two  mil  is.siml  iiMii"<  ill  Nnva  Si  oti:i  ami  Nfw  I'.niimwirk.  !«np|iit.sf<l  to  In-  tlii>  (Miiiivalcntii  of  the 
Jliiriiiiiuii  ir;uiiliri:iii)  :iiiil  I.Miiri'iili;m.     «^ii:ui..Ii)iir.  (m-«i1.  Snr..  Loiiiiiiii.  vol. 'JO,  1A70,  {ip.  4(;B..470. 

«  K'l-port  MM  till"  SJii-i  liiiMiki'  LjoM  ilintiirt.  tni:itln  i  with  a  ]ti\]*v}  mi  thr  ;;iii-if«j(«'8  of  Novh  ScutlA  aiMl 
iiii  jiliiti.ut  of  a  jiaiMi-  nil  'ZnUl  iniiiiii:;  in  Nova  Sriifi.i.     ILilifax,  N.S..  iHTn.  \t.  'A. 

«  I'M-liminarv  ii-iioit  mi  a  i.'iui"*si»iil  ^i  rii- ««  iiim1im1\»iil.'  tlir  ijiilil  luMiiim  iiM-kn  of  Xova  Scotia,  uid 
«iiI»lM«H«ii  til  ).••  till- iiiiiivali  lit  nf  fill"  Laiiniifiaii  s\.4tiTii.      H:ilil:i\.  \.  S..  IhtTu.  jiji.  M. 

■Op  lit.,  p.  K. 

'•(hi  th«-  I-aiinntiaii  mimI  lliirMiiian  -^iii.-*  in  Ni.v.»  Srotia  .iml  \iw  r.iinirtwick.  Am.  Jour.  Scl.,2d  9k-r., 
nil.  !'.».  1"""   I'P   "'01   'i'-i 

'  .\uttt  .mil  i.Im.i  v.itiiin-i  on  tln>  iroM  lii  I.1-*  ol  i.tinW.  •  ami  N.iv.i  Sr..iia.  (iiwl.  Surv.  Canada.  Report 
I'lo^r  tnr  /M7»-'71,  leT'J.  lip.  2fiK-2T0. 
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general  aspect^  and  in  the  saooesBion  of  tho  beds  the  whole  seiies  in 
Nova  Sootia  closely  resembles  the  Oambrian  and  Lingala-flag  series 
of  North  Wales.»i 

Dr.  J.  W.  Dawson  reviews  his  stndies  of  the  Atlantic  coast  belt  of 
Kova  Scotia  in  the  supplement  to  the  second  edition  of  the  Acadian 
Geology y'  and  places  the  slates  and  qnartzite  in  the  Oambrian.  He 
states  that  the  evidence  of  fossils  in  determining  the  precise  age  of  these 
rocks  is  nnfortnnately  as  yet  somewhat  imi)erfect,  and  qnotes  Prof. 
Hind  as  saying  that  the  entire  thickness  of  the  series  is  12,000  feet; 
of  this  the  lower  or  qnartzite  and  slate  division  comprises  about  9,000 
feet,  and  the  upper  or  ferruginous  slate  division  about  3.000  feet. 

On  the  colored  geological  map  of  the  Dominion  of  Canada,  pnb- 
lished  in  1882,  the  Oambrian  rocks  of  Nova  Scotia  arc  macle  to  extend 
from  near  the  northeastern  point  of  the  peninsula  south  to  Sable  River, 
where  they  are  interrupted  by  a  mass  of  granite  that  extends  to  Har- 
rington Harbor.  From  this  point  around  the  western  slope  to  Anua^M)- 
lis  Basin  they  occupy  a  wide  strip  along  the  shore.  As  represented  on 
the  map  they  occupy  nearly  one-half  of  the  area  of  Nova  Scotia. 

In  1888  Sir  William  Dawson  reviewed  the  rocks  referred  to  the  Cam- 
brian group  on  the  Atlantic  coast  of  Canada,^  stating  that  the  Atlan- 
tic coivst  or  gold  series  of  Nova  Scotia  in  their  western  extension 
appeared  to  rest  on  rocks  of  Hnroniau  aspect.    He  also  says : 

It  has  unfortanatoly  afforded  no  woll-cliaract^rized  foHHilH.  The  inarkinfrs  called 
Eopbyton  and  certain  radiating  bodies  (AHtropulithon)  found  in  it  are,  however,  fiini- 
ilar  to  those  occurring  clHewhoro  in  Lower  Cambrian  rockH.  Murray  was  disiiofied  to 
rej^ard  this  formation  as  corresponding  to  his  Hurouian  in  Newfoundland;  but  it 
doi>8  not  agree  with  this  either  in  mineral  character  or  in  foHsilH,  and  is  perhaps 
rather  to  be  regarded  as  a  great  development  of  the  lowest  member  of  the  Cambrian, 
an  exaggerated  equivalent  of  the  Harlech  grits  and  LlaubcrriH  slates.  In  this  case, 
however,  it  may  be  expected  that  it  will  yet  atford  true  Cambrian  fossils.** 

WKW  BRUNSWICK  AND  CAPR  nRKTON. 

In  the  report  for  1842  on  the  pjeolofify  of  New  Brunswick  Dr.  Abra- 
ham Gesuer '*  uses  the  term  '^  Canil)riaii  systiMu.  ^    He  says : 

This  name  has  been  applied  to  a  group  of  rocks  situafed  beneath  the  **  Silurian" 
strata,  from  which  it  is  not  always  s<*parated  hy  any  very  disiinet  line  of  demarca- 
tion, so  far  as  its  lithological  character  is  concerned.  The  few  organic  remains,  how- 
over,  found  in  this  group  are  suHiciently  characteristic  to  make  it  appear  that  the 
forms  of  animal  life  during  the  pnrioilof  the  accumulation  of  its  strata  were  diflerent 
from  those  found  in  the  upper  Silurian  rocks. 


J  Op.  rit.,  p.  271. 

*  Siipploment  to  the  Heoond  odition  of  Acailian  Genlo;;y,  containing:  ailditional  facts  att  to  the  |;poIof;- 
ical  Htnictaro,  fowtil  n>TDainA,  and  mineral  rcAOurccii  of  Nova  Scotia,  Now^  Krnunxrick,  and  Prioco 
K<lward  Inland,  London,  187H,  pp.  81-83. 

'  On  tho  Rocolc  and  I'aluMzoir.  rocks  of  tho  Atlantic  coant  of  Canada,  in  comparison  with  those  of 
westnm  Kurope  and  of  thu  intorior  of  Amorica.  Quart.  Jour.  Qool.  Soc.  London,  1888, vol.  44.  pp.  804-807. 
Canadian  Kocord  of  Scionce.  vol.3, 1888,  pp.182,  183,  230,  231. 

«  Op.  cit..  p.  805. 

*  Report  on  the  zoological  survey  of  tho  Province  of  Now  Kninswick,  with  a  topofcraphical  account 
of  tho  public  lands  and  districts  oxplorod  in  1812.    St  John,  1843,  p.  72. 
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Tlio  rockfl  of  tills  j^roiip  extend  from  tho  Aniorican  boiiiidary  Hue  and  crom  the 
St.  John  a  littlo  above  tUe  Mednetic,  and  proceed  in  a  northeast  direction  toward 
JJatliui-Ht.     •     •     • 

The  strata  consist  chieily  of  gran  wacke,  gran  wacko  slate,  and  clay  slate.  The  gran- 
wacko  may  be  compared  to  a  very  compact  sandstone.  There  are  also  beds  of  con- 
glomerate, containing  bowlders  and  pebbles  of  ahnost  every  variety  of  rock.  The 
cementing  matter  isgenerall^'caleareonsor  argiilaceons;  bnt  it  is  sometimes  si  I  icion  a. 
and  the  beds  change  imperceptibly  into  qnartz  rock.  The  slates  are  of  different 
colors;  red, bine,  and  green  are  often  seen.  Many  of  them  contain  lime,  and  others 
will  snpply  roofing  slate. 

The  local  detsiils  of  the  distribution  of  this  series  are  not  given,  nor 
is  tiie  locality  of  the  city  of  St.  John  mentioned.  Portions  of  the  rocks 
mentioned  by  Dr.  Uesner  are,  however,  now  included  in  the  Cambrian 
ffroup. 

In  his  third  roi)ort  Dr.  Geaner*  rocojjnizes  two  series  of  rocks,  both 
of  which  are  referre<l  to  the  Silurian  a^e.  The  upper  gjroup  consists  of 
limestones,  slates,  and  sandstones,  containing;  the  remains  of  plants, 
mollusks,  etc.  Tiie  older  group  is  forme<l  of  conglomerates,  gray  slates, 
sandstones,  talcose  slates,  and  the  trap  beds  of  Mispeck  and  Black 
Kivers. 

On  a  map  prepared  by  Dr.  James  Robb,^  the  geographic  distribution 
of  the  formations  described  by  Dr.  Oesner  is  outlined,  and  under  the 
"(Jambrian  system  "  wo  lintl  the  indicated  distribution  of  the  Cambrian 
rocks  to  iiichide  Carboniferous,  Devonian,  Lower  Silurian,  and  Cam- 
brian as  now  known.  In  the  text  of  the  volume  accompanying  tho  map 
Mr-  ,1.  V.  \V.  Johnston^  describes  the  geographic  distribution  of  the 
rocks  and  also  their  gcMienil  ("hanu'ter.  He  slates  that  the  rocks  of  the 
Cambrian  are  «listin^iMsh«Ml  from  thos(»  of  the  Silurian  by  their  greater 
iiardness  and  by  their  (containing  less  lime. 

In  speaking  of  the  rocks  referred  to  the  Lower  Silurian  and  Cam- 
brian, by  Cesner  and  IJobb,  ^fr.  .1.  W.  Dawson^  states  that  fin*  thedis- 
tribution  of  thes<»  rocks,  as  indicated  on  the  map,  he  was  indebted 
piincij)aliy  to  the  map  prepared  by  Dr.  Kobb.     Of  the  rocks  he  says: 

I  <ln  iinf.  think  llijir  at  pn'.s«'!»l  tlM'n*  i.s  aiiv  ^(mhI  ur(>>irul  for  Hrpnratiiig  the  h(>  callnl 
<  *aiiil)riiiii  I'K'ks  iVoui  t  linsc  last  iin'iit  iniuMl  [  SiliiriMii  |,  tlioii^Ii  it.  i.s  ciiiiti^  probable  thiit 
they  ]n:\\  Im'Ioiii;  to  an  oliln  I'oiinat.inn,  or  that  thry  may  bo  older  ineiiilxir.s  of  tho 
HaiiH*  i'oniiat ioi). 

When  relating  the  results  of  a  visit  to  Xew  lirunswiek  Prof.  W. 
I>.  liO»i-ers''  described,  by  tlie  aid  of  a  section,  tln^  stratigraphic  features 
exhil>itetl  at  the  junction  of  the  oldiM  and  less  ancient  groups  of  strata 
on  tile  St.  John's  and  KeinM»l)ecasis  Kivers,  a  few  mih's  al)Ove   the  city 

'  Tliird  Ti-iMii  t  on  tin-  i:''>l«»Lri«  al  '^iiivcv  nl  t  In-  Jii-a  im  •■  nf  Ni-w   I.niiiNwirlv.     St.  Jolm,  1H41,  pp   5-11. 
■^1 1.flti  I- OH  tin- i:<nlu_'ir:il  ■.tnnliHi'  iil"  N«  w   r.riiiisw  icK .  ]     Ki-jMirt   m;  tlir  !»«;iirultiir;il  capabilities 
of  tin-  pit»\iini' of  N'r-A  r.riiiiHwii  I:,  h;,  .f .  V.  W.  .I>iliii-t'»ii.     Kn  i|.  i  iit«>ii.  IS.'iO.  pp.  IJ,  13. 

'  Ki'in'it  on  tli<'  n^i  i(  iiltiir.t)  rup.iliilitiis  of  tin-  ]mi»\  i:nc  nt  X«\\   Hi  nn.-iwick.     Froilvricttm,  iS.'iO.  pp. 
17.  Irf. 
*  Ai'jnlhui  c;«  oloiiy.  tir-»t  im1i(  Ion,  l>!."i.'>,  pp.  .'I'.'l  '.'.'27*. 

*  lit  in:irl\:i  (HI  thi«  ;:(^<>l«><iy  «il' tUo  ii«>iL:Iilx>ilio<}<i  ot  St.  Jolin    Xiw  nrnii.-^wirk.      BoAton  Soc.   Nat 
Uist..I'ioL.,  vol.  7,  18«il,p.  niV 
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of  St  John,  as  observed  by  Dr.  Bobb  and  bimself.  Referring  to  the 
probable  ages  of  the  two  groups  he  states  that  the  only  fossils  discov- 
ered consist  of  vegetable  impressions  found  by  Dr.  llobb  at  several 
localities,  and  some  black  scale  like  fragments  of  shells  that  he  found 
about  the  city  of  St.  John  in  loose  pieces  of  siliceous  slate.  At  several 
points  the  layers  of  rock  in  place  are  crowded  with  these  remains,  the 
more  entire  of  which  presented  the  form  and  markings  of  a  Liugula. 

Dr.  J.  W.  Dawson  described  in  18612  the  strata  about  St.  John,  ami 
published  a  section^  that  includes  the  shales  and  sla^i^  of  the  vicinity 
of  the  city;  and,  in  the  same  section,  a  series  of  beds  which  have  since 
prove<l  to  be  of  Devonian  age.  lie  states  that  tlie  age  of  tlie  lower 
members  was  less  certain.  They  may  represent  either  the  Middle  and 
Lower  Devonian,  or  may  l)e  in  part  of  Silurian  age.  ^^  The  only  deter- 
minable fossil,  the  Lingula  of  the  St.  John  shales,  aQbrds  no  decisive 
solution  of  this  question." 

In  proposing  a  classification  for  the  pre-Devonian  rocks  of  New  Bruns- 
wiclc,  Mr.  G.  F.  Matthew  -  states  that  Gesner's  older  group  is  to  a 
great  extent  younger  than  his  upper  series.  He  reviews  the  classifica- 
tion of  Dr.  Dawson^  dividing  the  formations  into  sevei*al  groups,  pro- 
X^osiug  the  name  St.  John  group  for  Nos.  5  and  G  (in  part)  of  Dawson's 
section  of  liSGli.  He  says  that  the  St.  John  group  is  formed  of  several 
zones  of  soft,  black,  dark  gray,  finely  laminated  shales,  alternating  with 
zones  of  coarser  gray  slates,  containing  numerous  thin  beds  of  fine- 
grained sandstone,  the  whole  having  a  thickness  of  about  3,000  feet. 
The  fossils  noticed  were  a  Lingula,  a  Conchifer,  Annelids  and  Goprolites.* 
TheGohlbrook  group,  No.  0  of  Dawson,  in  part,  is  given  a  thickness  of 
3,0(K)  feet  or  more  composed  of  greenish  gray  shite,  bright  red  slaty 
conglomerate  and  dark  red  siindy  shale,  with  a  reddish  conglomerate, 
grit  and  hard,  gray  sandstone.  Tlie  paper  is  iiccompanied  by  a  map 
showing  the  geographical  iliMtribution;  also  a  section  crossing  the  dis- 
trict in  the  vicinity  of  81  .John.  In  a  foot-note  mention^  is  made  of 
the  discovery  of  nunierous  trilobites  of  two  or  three  species,  hut  they 
were  so  excessively  distorted  that  the  genera  could  not  be  made  out. 

In  some  observations  on  the  geology  of  southern  New  Brunswick, 
Prof.  L.  W.  Bailey*^  reprinted  the  table  of  formations  published  by  Mr. 
Matthew  in  1S63.  In  a  table  on  page  M  he  places  the  St.  tJohn  group 
at  the  base  of  the  Lower  Silurian  as  an  equivalent  of  tin*.  Potsdam  or 
rrimordial  of  New  Y^ork  an<l  the  Quebec  group  of  Canada.  A  full  de- 
scription of  the  St.  John  group  is  given,^and  aceoinpanying  it  a  letter 


.  '  On  the  tif)ru  (»f  the  IVvoiiIah  ptTicMl  in  iiotthmntcru  Anierii-a.  <jiiart.  Jour.  <iiol.  Sor.  Lomlon,  vol. 
J8, 1W5*J,]».303. 

>  ObMurvatiuim  on  the  f;oolo;;y  i>i'  St.  Juho  County,  New  Briint4\\ick.  Cuuadian  Nat.,  vul. 8,  I8G3.  p. 
2A'S. 

'*  Op.  clt.,  p,  242. 

«0p.  cit.,  p.  24(. 

•  Op.  cit.,  p.  247. 

■  Ob.Hervatioufl  on  the  goolosy  of  southern  N'^w  Briint»wirk.     Frwltrirton,  18Gr>, p.8. 

V  Op.  cit.  pp.  26-31. 
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from  Mr.  0.  Fred  Hartt,^  iu  which  he  states  that  he  has  recognised  foar 
genera  of  trilobites  from  the  St.  John  rocks,  viz,  Paradoxides,  Gono- 
cephalites,  Aguostus  and  a  new  genus  (?)  allied  to  Ck>nocephaliteB. 
Tliere  are  also  six  si>ecies  of  Brachiopods,  belonging  to  the  genera  Or- 
tliisina,  Discina,  Obolella,  and  Lingula.  Although  all  of  the  species  are 
apparently  new,  the  occurrence  of  Paradoxides  and  Oonocephalitea  led 
Mr.  TIartt  to  correlate  the  entire  fauna  with  the  Primordial  fauna  of  Bar- 
rande.  He  states  that  the  lower  part  of  the  St.  John  group,  at  Cold- 
brook,  has  been  divided  by  Mr.  Matthew,  on  lithological  gronndSiinto 
three  bauds,  viz : 

No.  1. — Tlie  lower  or  Arenaceons  band,  with  no  determinable  foanlSy  and  con- 

stitiitiu)]^  pasHage  beds  from  the  Coldbrook  group. 
No.  2. — Argillaceous  shales,  rich  in  fossils,  Paradoxides,  Orthiaina  f,  Conoceph- 

alites,  Obolella. 
No.  3.— Carbonaceous  shales,  full  of  fossils,  Paradoxides,  Conocephalites,  Or- 

thisina,  Discina,  etc.,  all  much  distorted. 

In  the  same  year  Mr.  G.  F.  Matthew  described  the  Azoic  rocks  of 
southern  New  Brunswick.^  He  gave  the  geographic  distribution  of 
tlie  St.  John  series,  and  a  detailed  section  ot*  the  formation,  to  which  he 
assigned  a  total  thickness  of  4,500  feet.  He  mentions  the  identification 
of  the  fauna  by  Prof.  Hartt ;  and  refers  the  St.  John  group  to  the  Lower 
Silurian,  correlating  it  with  the  Parcuioxid^  harlani  beds  of  Massachu- 
setts;  with  the  Paradomdes  bennetti  beds  of  Newfoundland;  the  Lin- 
gula flags  of  Great  Britain ;  the  alum-schists  of  Scandinavia  and 
^<£tage  G"  of  Barrande  in  Bohemia.^  He  states  that  the  upper  por- 
tiou  of  the  section  may  be  the  equivalent  of  the  Calciferous,  perhaps 
the  Chazy.  The  siihjaitent  Coldbrook  groiij)  is  referred  to  the  Huronian, 
while  the  terms  Oaiiibrian  and  lluroniau  are  used  as  synonyms  in  their 
application  to  the  Coldbrook  formation.^ 

In  noticing  tlie  discoveries  mado  by  Messrs.  G.  F.  Matthew  and  C.  P. 
llartt,  Dr.  J.  W.  Dawson  refers  to  the  correlation  made  by  Trof.  Hartt, 
and  proposes  to  call  this  series,  represented  in  New  Brunswick  bj'  the 
St.  John  slates,  the  Acadinn  scries.-'  I  n  18(i8  he  republished  all  the  facts 
known  to  liiin  in  relation  to  the  St.  John  poup,  naming  it  the  Acadian 
group,  and  including  it  under  the  Lower  Silurian.*'  The  section  given 
by  Mr.  Matthew  is  published,  and  also  descriptions  by  Mr.  C.  F.  Hartt 
of  all  the  sj^ecics  discovered  by  Messrs.  ]\[attliew  and  Uartt  in  the  St. 
Jobn  «;roup.'' 

'  I'rcliiiiiiiary  not  in- of  a  taiiiia  uf  tlio  I'riiiionlial  ]K>ri<*(l  in  tlio  vicinity  uf  St.  Juhu,  N.  B.    Obaer- 
vatioiiM  iMi  the  <iii'i)Iii^y  of  Hoiilliorn  Now  ]>riiii8wick,  lM>5,  )i|).  ^iO,  ;:i. 

'On  lh«  A/uic  and  J'a]«<i/.uic  rooks  of  ^<uuUK■rn  Now  I3riiu3wick.    Cjuar.  Jour.  Geol.  Soc.,  London, 
vol.  21,  18G:..  i»p.  422  -4:^4,  map. 

'(>!».  I  it.,  pp.  426, 427. 

•Op.cit.,  p.427. 

*0n  rtH'unt  K«M>loj;ical  «liHcovt*rieM  in  tlH>  Acacliiin  pnivincva  of  l>riti»h  AnicricA.    Am.  Assoc.,  Proc., 
vol.  10, 1H67,  p.  IIK.    Caiiailian  Xat..  uvvr  siTioR.  vol.  :5, 18«^.  p]>.  2ar>  *JU7. 

'  Acadian  (tc>olot;v.     TIm;  );('olof;ical  Atruirtnns  or;iani('  rcniainH.  and  inineial  resources  of  NovaSco* 
tJii,  New  liruniiwick  and  Piiucc  £dw.  lulaud,  Louduu,  180b,  pp.  (>;i7-tin,  2d  ed. 
Wp.  tit.,  pp.  041-057. 
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In  1869  Messrs.  Matthew  and  Bailey  *  described  in  a  general  manner 
the  rocks  referred  to  the  Lower  Sihirian  and  stated  that  this  series  in* 
dades  abont  160  feet  of  slates  (holding  Paradoxides,  GonocephaliteSi 
Agnostas,  and  other  trilobites,  besides  several  genera  of  Brachiopods), 
and  an  overljiDg  mass,  measuring  not  less  than  2,000  feet,  of  flags  and 
slates  containing  Lingnlce,  worm  burrows,  etc  Under  the  caption  of 
'*  Lower  Silurian,"  the  same  writera,  three  years  later,'  include  the  St 
John  or  Acadian  group.  A  brief  historical  sketch  is  giveu,  and  a  list  of 
fossils  that  have  been  described  from  the  formation,  with  a  statement 
that  the  apparent  thickness  of  the  whole  formation,  as  measured  in  the 
city  of  St.  John,  is  about  4,500  feet.  Owiug  to  the  disturl>ed  condition  of 
the  beds  the  actual  thickness  may  be  much  less.  If  repetitions  occur, 
the  aggregate  thickness  of  the  series,  exclusive  of  the  lower  red  beds — 
which  have  been  called  Upper  Ooldbrook — will  not  much  exceed  2,000 
feet.^  This  geueral  description  is  followed  by  a  detailed  one,  and  a 
.copy  of  Mr.  Matthew's  section  at  the  city  of  St.  John.^  The  St.  John 
group  is  then  described  as  found  in  the  Kennebecasis  Valley,  in  north- 
ern King's  County;  in  TVickham,  Queen's  County;  in  Nerepis  Valley, 
and  in  Charlotte  County. 

In  the  supplement  to  the  second  edition  of  Acadian  Geology,  Dr.  J. 
W.  Dawson^  introduces  the  term  ^'Cambrian  "and  includes  under  it  the 
Acadian  series  of  St.  John  and  also  the  great  Atlantic  coast  series  of 
!Nova  Scotia.  Nothing  is  added  in  the  way  of  descriptive  details  to 
those  given  in  the  edition  of  18G8. 

During  the  survey  of  the  island  of  Cape  Breton,  Mr.  IJugh  Fletcher 
discovered  near  Marion  Bridge,  on  the  banksof  the  Mira  Biver,  aseries 
of  light  gray,  slaty,  fine-grained,  fehlspathic  sandstones,  as80ciatc<I 
with  red  and  green  mottled  sandstone  in  which  he  found  numei-ous 
specimens  of  Obolella.  He  points  out  the  lithologic  resemblance  of 
these  rocks  to  the  Primordial  rocks  found  by  Mr.  Alexander  Murray  in 
the  southeastern  part  of  Newfoundland  and  to  those  on  the  Strait  of 
Belle  Isle  examined  by  Mr.  Bichardson.^  He  also  describes  a  series  of 
Xmrple,  red,  and  green  slates,  sandstones,  and  limestones,  that  he  refers 
to  the  Lower  Silurian.''  A  detailed  section  of  the  rocks  is  given  as  they 
occur  along  St.  Andrew  Channel.  In  one  of  the  greenish  and  blue 
l)apery  slates  he  found  impressions  of  an  Obolella,  witii  the  head  and 
tail  of  a  trilobite,  recognized  by  Mr.  Billings  as  of  rriuionlial  or  Quebec 


*KemarkH  on  the  agi)  ami  rolatioua  uf  tbu  DivtaniDrpliic  ruckii  of  Nrw  Bruohwick  uml  Maiiiu.  Am. 
Asaoc.,  Proc..  vdI.  18, 18Gtf.  pp.  182. 183.    Can.  Nut.,  iiuw  M>r.,  vul.  4. 18ti9,  pp.  3'Jti-4»8. 

'  I'reliniinHry  import  ou  thv  Rcology  of  aoutlicm  New  UruuHwick.  Gcol.  Sarv.  Canada,  Bep.  of  Proff., 
187a  71, 1872,  p.  134. 

'Op. cit.,  p.  135. 

*Op.cit.,pp.  136,137. 

*  Supplement  to  the  aecond  edition  of  Acadian  Geolop^y,  containing  additional  facta  an  to  the  iceolofc- 
ical  structure,  foaail  remainM,  and  uiinoral  reaonrcea  of  Nova  Scotia,  Now  IJranawick,  and  Prince, 
Edward  Inland,  l/oudon,  1878.  p.  81. 

*Keport  of  explorations  and  surveya  in  Cape  Breton,  Nova  Scotia.  GcoL  Surv.  Can.,  Kep.  Prog. 
187&-7G.  1877,  p.  303. 

'Op.oit,p.  388. 
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group  age.  In  bis  report  for  the  i'o11o\^'iiig  year  be^  described  a  Dam 
ber  of  sections,  referring  them  to  the  Lower  Silurian,  and  mentioniDg 
the  occurrence  of  Lingnla,  Obolella,  and  Dictyonema  in  some  of  the 
beds. 

In  Si  report  on  the  slate  formation  in  the  northern  part  of  Charlotte 
County,  New  Brunswick,  Mr.  G.  F.  Matthew'  states  that  the  St.  John 
grou])  occurs  in  the  interval  between  the  Kingston  or  Upper  Silurian 
rocks  and  the  inclosing  Laurentian  ridges  iu  King's  County.  No  details 
are  given  of  the  St.  John  group. 

A  report  on  the  Primordial-Silurian  rocks  of  New  Brunswick  by  Mr. 
L.  W.  Bailey^  presents  a  detailed  description  of  the  St.  John  group.  A 
section  is  given  of  the  strata  on  BatcliU'e^s  Mill-stream  and  Handford 
Brook  and  local  details  of  geographic  distribution.  This  is  accompanied 
by  a  list  of  the  fossils  found  which  were  identified  by  Mr.  J.  F.  Whit- 
eaves. 

In  a  later  report  on  the  geology  of  southern  New  Brunswick*  the 
Cambrian  or  Primordial  Silurian  rocks  are  described  as  occupying 
basins  or  trough-like  depressions  among  the  older  hills  of  pre-Cambrian 
rocks  east  of  the  St.  John  Uiver. 

In  speaking  of  the  strata  carrying  the  Paradoxides  in  the  vicinity 
of  the  city  of  St.  John,  Mr.  G.  F.  Matthew'  states  that  the  strata  of  • 
the  St.  John  group  fill  a  number  of  narrow,  trough-like  basins  lying 
between  the  Bay  of  Fundy  and  the  central  Carboniferous  area  of  New 
Brunswick.  A  carefully  measured  and  detailed  section  of  the  St.  John 
ont(Top  is  given  with  a  description  of  the  conditions  under  which  the 
fossils  occur  iu  the  same.  A  thickness  of  2,t)(H)  feet  is  iissigned  to  the 
section. 

The  same  writer  argues  in  a  paper  on  the  "(leologic  Age  of  the 
Acadian  Fauna''''  that  on  the  evidence  of  the  trilobites  the  St.  John 
group  does  not  <juite  correspond  to  tlie  Menevian  of  Wales,  in  the  re- 
stricted ap[)liration  of  that  term  ;  but,  as  a  whole,  they  indicute  the  sub- 
jacent Solva  group  as  the  e<iuivalent  formation  to  the  St.  John  group, 
lie  repeats  tliis  correlatitin  a  year  later,"  when  he  says:  "Prof.  Ifartt 
fixed  t!ie  age  of  the  St.  John  group  as  nearly  as  was  possible  in  his  time 

>  Ki'poit  oil  tlii*;:!  ol();:y  «if  )>art  ot'tln*  rountirs  ut'  V'ii-tuiiii.  (',{\tv  IWi-tmi,  ami  RicIiiiioiHl,  NovaSi'utia. 
tKsil.  Siirv.  Can  ,  lli-p.  I'm;:,   ftn-  isTU.  77.     MoiiIumI,  1«7K.  |i]i.  4".".J  KJT. 

'''Urpoit  on  tlir  ^latr  toniiatioiis  of  tin-  iioiiln-ni  )».irt  of  (Miuilodc  (.'uunty.  New  llniDHwick.  G(>oL 
Siiiv.  C'aiLula.  lu'[».  Piivii.  fm  ISTC    77.     Nfonttoal,  1S7^.  jiji.  rJIJ,  iU:?. 

-^Ki'Iioit  «in  tlio  pir  Silurian  (niiii>niaii)aii<l  Cuiiibriaii  or  I'riii.onlia]  Silurian  rcickH  of  iMtuthoru  Xew 
llnMiMwirk.    (m-oI.  Snrv.  Can..  Urp.  I'm;:..  1877  '7H,  1K7'J;  p.'>IH»  ;UI)I). 

*  liaili-y,  r*.  W..  ( ;.  K.  Mattlu-w.  ami  K.  W.  KIIh.  Kcpoi  t  on  tlir  j:i-t»lo^y  of  Hoiithcrn  New  nninHwU'k, 
einhrncinj:  Ihr  countuv**  of  ('Iiarlottt\  Sunhury,  (^utM  n.**,  Kin;;s,  St.  Jolm,  ami  Albcrtvi  Geol.  Sorv.  Can., 
lirii.  Tro;:..  1H7H  1«7!».  IS-O,  pp.  fil)  KD. 

•IllnHtiationr*  of  tlia  faiinu  of  tin*  St.  .T«>]in  ;:ronp.  Royal  Soc.  Canatla,  Proc.  ami  Trana.,  vol.  1,  eec. 
Iv,  18j5:j.  !.]>.  H  .-H.-* ;  pp.  'J71  279. 

•Tin'  (Ii'olo;;ic'  Aj:«»of  the  Acadian  fauna.  Tho  I'linntiv*-  f?onocoryp]n'an.  British  Asaoc.  Rep.,6tth 
mcctinj:,  1H84.  pp.  7-11!  743.  TlicGi-olo;;ic  A;;o  of  tin*  Aradian  Fauna.  Ciri>l.  Ma;;.,  new  aer,  decade  3, 
vol.1.  1884.  pp.  470  471. 

'An  outlim.'  of  n.-cunt  dlDcovurlci  in  the  St.  John  ^jioup.  New  Uniunwick  Nat.  HUt.  Soc.  BalL  No. 
4. 1885,  p.  9<s 
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as  ^  Primordial/  or,  as  we  now  call  it,  Cambrian."  He  then  calls  atten- 
tion to  the  article  in  which  he  correlated  the  St.  John  group  faana  with 
the  Solva  gronp,  stating,  *'  In  other  words,  it  is  the  fauna  of  the  older 
part  of  the  Lower  Oambrian." 

In  a  preliminary  study  of  the  Cambrian  fauna  of  North  America'  a 
review  is  given  of  the  history  of  the  term  <'  St.  John  group  "  by  Mr.  C.  D. 
Walcott.  In  this  the  use  of  ^^  St.  John  "  was  advocated  as  against  <^ Aca- 
dian," and  all  species  described  by  Mr.  C.  F.  Hartt  in  the  second  edition 
of  Dawson's  Acadian  Geology  were  illustrated. 

When  discussing  the  fannasof  the  St.  John  group,  Mr.  Matthew'  states 
that  it  is  highly  probable  that  the  group  covers  nearly  the  whole  of  the 
Cambrian  age ;  and  that  the  fauna  of  the  Upper  Cambrian  is  equivalent 
to  that  of  the  shallow- water  deposit  of  the  St.  John  group  near  the  sum- 
mit of  the  series.  The  fauna  discovered  by  Mr.  Fletcher  in  the  Cam- 
brian shc^les  of  Mira  Kiver,  Cape  Breton  Island,  is  considered  by  Mr. 
Matthew^  to  belong  to  the  Oleous  division  of  the  Cambrian  fauna.  The 
species  recognizeil  by  him  are  Peltura  scarabceoides,  Splaxrophthalmus 
alutuftj  and  Agnostus  puiformis.  In  the  same  paper  he  mentions  the 
faunas  of  the  Olenus  division  as  found  in  Newfoundland.  (An  abstract 
of  this  pai>er  appeared  in  the  Canadian  Record  of  Science,  vol.  2, 1886, 
pp.  255-258.) 

Incited  by  the  announcement  of  the  discovery  of  fossils  beneath  the 
Paradoxides  zone  in  Sweden  and  Enssia,  Mr.  Matthew^  began  anew  the 
study  of  the  red  rocks  beneath  the  Paradoxides  zone.  These  strata 
had  been  spoken  of  as  the  upper  member  of  the  Coldbrook  groups  and  as 
constituting  a  series  lower  than  the  Primordial  rocks  at  the  base  of  tlie 
Silurian.  They  were  subsequently  joined  to  the  St.  John  group<^  as  the 
base  of  that  group.  In  a  later  report  in  1888,  Mr.  Matthew^  says:  "  It 
is  now  found  that  this  red  series  is  unconformable,  not  only  to  the  St. 
John  group,  but  also  (as  had  been  previously  discovered)  to  the  under- 
lying Coldbrook  group."  In  the  valley  of  Long  Reach  of  .the  St.  John 
River  Mr.  Matthew  CHtiinates  that  there<l  series  has  a  thickness  of  1,20(^ 
feet.  lie  compares  it  with  the  red  shales  described  by  Dr.  Murray  in 
Newfoundland"  and  correlates  it  with  the  Caerfai  group  of  Wales  and 
the  lower  division  of  the  Sparagmite  formation  of  Norway.^  A  detailed 
description  of  the  section  is  given^®  with  names  of  the  fossils  that  have 
been  found  in  the  various  beds.    These  include  trails  and  casts  of  marine 


*  On  the  Cambrian  faunae  of  Xorth  America ;  preliniiuary  Htudit*^.  U.  S.  (loolo^cal  Survey  Bull.  No. 
10,  vol.  2.  1884,  p.  289,  Hcparately  iiaged,  p.  9. 

>  lUuHtratioDA  of  the  fauna  of  the  St.  John  ^roup.  No.  4,  Can.  Rec-.  Soi.,  vol.  2, 1887,  p.  362.    ( Abntract.) 

*  On  the  Cambrian  faunaH  of  Capo  Breton  and  Newfonndlaml.  Koyal  Soc.  Canada  Troc.  ami  Tr.infl., 
vol.  4,  «ec  4, 1887,  p.  147. 

4  On  a  basal  nerien  of  Cambrian  rockA  In  Acadia.    Can.  Rihv  Set.,  vol.  3, 1888,  pp.  21-20. 
•Obwrvationn  on  the  K«'oloKy  of  nouthein  Now  BruuHwick.    Fredericton,  1865,  p.  24. 

*  Bailey,  L.  W.,  and  G.  F.  Matthew.    Preliminary  report  on  tho  f^eology  of  Ronthem  New  Brunswick. 
Geol.  Sur^'.  Can.,  Rep.  Prop.,  1870-71, 1872,  p.  69. 

'On  a  basal  aeries  of  Cambrian  rocka  in  Acadia.  Can.  Roc.  Set.,  vol.  3, 1888,  p. 22. 
■Oi>.cit.,p.23.  *Op.cit.,p.25.  »•  Op.  cit.,  p.  27. 
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worms,  faraelMi  and  an  nnieoognised  braobiopod-  This  paptf  ww.Hiil- 
lowed  in  thesama  year  by  an  aitiele  on  the  classifloation  of  tlia  Cam- 
brian rocks  of  Aoadia  ip  wbioh  the  elaasiftoation  of  the  Oambriaii  S|^ 
tern  in  Aoadia  and  STewfouhdland  is  eiven  as  follows:^ 

Series  A.-^The  BmsI  Mries  or  EteminiML 
Series  B.— The  Sk  John  grcmp  or  Aeftdisn. 
Series  0.— The  Lower  Potsdm  or  Geoisiuu 
Series  D.— The  Fotsdftm  sandstone  Mid  limestone. 

The  division  of  series  A  was  noticed  in  the  preceding  paper  by  Mr. 
Matthew,  In  series  B  he  inolndes  the  xone  of  Paradoxides ;  desoribes 
the  rooks  in  detail,  and  gives  lists  of  the  genera  of  the  fossils.  Series 
Oy  the  Lower  Potsdam  of  BillingSi  he  states  has  not  been  xeoogniaed  on 
the  munland  of  Aoadia,  bnt  is  fonnd  in  the  Isfand  of  Oape  Bieton, 
where  the  fossils  are  Bathynms,  Orthisina,  Orthis,  H^UiheB  primoBfB* 
This  series  is  placed  provisionally  above  B.*  Series  D,  or  the  Pots- 
dam series  of  New  York  and  the  Mississippi  Valley,  is  stated  to  be  ab- 
sent from  New  Brunswick  and,  as  fiw  as  known,  from  the  eastern 
border  of  the  continent.' 

A  reclassiftcation  of  the  Cambrian  rocks  of  North  America  was  pub- 
lished in  1888  by  Mr.  O.  D.  Walcott  as  follows :« 

Tab£S  L— Loimt  SIhurkm  {Ordo^ieian)  qFtlMR. 


Upper  Cambrian  . 

Middle  Cftmbrian. 
Lower  Cambrian  . 


Potodam,  Knox,  TonUs  BeS  Isle,  elo 

St.  John,  ATaloD,Braintree 

Georgia, Prospect,  Terra  Nova ^. 


Dioellooep bains  or 

Olenns. 
Pamdoxldea. 
OleneUna. 


t 

This  18  followed  by  a  comparisou  of  typical  sections  of  the  Oambriau 
system  in  Sweden,  Newfoundland,  New  York,  and  the  Booky  Mountains. 
The  section  on  Manuel's  Brook^  Oonceptiou  Bay,  Newfoundland,  where 
the  true  stratigraphic  succession  of  the  Cambrian  deposits  in  America 
was  first  discovered,  is  given  in  detail. 

On  learning  of  the  discovery  of  the  Olenellus  fauna  beneath  the 
Paradoxides  zone  in  Newfouudlaud,  Mr.  Matthew  published  a  second 
paper  ^^On  the  classification  of  the  Cambrian  rocks  in  Acadia,"  in 
which  he  arranged  the  Cambriau  system  as  it  occurs  in  Acadia  as 
follows:* 

LocaUtiea. 

D.  Upper  Cambrian  (Potsdam  series) Unknown. 

C.  Middle  and  Lower  Cambrian — Acadian  series St.  John,  etc. 

B.  Lower  Cambriau— Georgian  series Cai>e  Breton. 

A.  Basal  Cambrian— Etcheminian  series St.  JohUi  etc. 

1  Matthew,  O.  F.    On  the  clasaiflcation  of  the  Cambrian  rocks  of  Acadia.    Can.  Keo.  ScL,  toL  3, 1888, 

p.  72. 

*Op.cit.,  pp.  73-74.  >Op.cit,p.80. 

^Tbe  sfratJ^^phioal  anooesaionof  the  Cambrian  faunas  in  North  America.    Nature,  vol.  38;188i^ 
p.  65U 

*  On  the  cIa««iiioa(ion  of  the  Cambrian  rocka  in  AcaAia.  'Ko.'i.  Qtt!x.^&eA.  >3aV.^  ^qL  3, 1888^  p.  810. 


•    f 


wAvoon,}  RKW  PRUHSWICK  AHD  OAFS  BRETON.  67 

Institiiting  comparisons  belween  the'  seottons  of  Sweden  and  New 
Brnnswiok,  he  disoosaee  the  general  relations  of  the  Cambrian  buna 
of  North  America.  The  organic  remains  fonnd  in  band  B  are  an 
Agranlos,.  and  at  the  base  of  the  sone  an  BUipsocephalns,  of  the  tJTpe 
associated  with  OleMttus  (f )  l^erulfi  in  Europe.  At  the  base  of  band  B 
he  fonnd  a  species  of  Obolns  which  he  described  as  Oboluspuloher.^  This 
comprises  the  Lower  Cambrian  fluina  or  pr^-Paradoxides  fauna  as 
known  to  him  from  New  Bmnswiok  ap  to  date. 

In  another  paper  on  the  *<  Cambrian  organisms  in  Acadia,"  pub- 
lished in  the  same  year,  he  notes  the  discovery  in  the  lower  beds  of  the 
St.  John  section,  beneath  the  Paradoxides  beds,  of  several  varieties  of 
spoDgeSi  a  species  of  Palieochorda  and  another  nndescribed  species. 
Undoubted  examples  of  Platysolenltes  of  Pander  also  occur.'  Men- 
tion is  made  of  the  discovery  above  the  Paradoxides  zone  in  the  Oleuus 
horizon,  of  three  species  of  fossils,  and  above  this  another  stage  which  he 
has  placed  under  the  title  of  Peltura  beds,  corresponding  in  age  to  the 
Oape  Breton  Upper  Cambrian  beds. 

In  September,  1889,  Mr.  Matthew'  argues  for  the  uniting  of  the 
Olenellus  or  Lower  Cambrian,  and  the  Paradoxides  or  Meuevian  zone, 
as  one  division  of  the  Cambrian,  and  the  strata  above  the  Paradoxides 
zone  as  the  upper  division,  thus  returning  to  the  classification  of  Salter 
and  Hicks,  adopted  for  the  Cambrian  strata  of  Wales. 

The  full  text  of  Mr.  Matthew's  paper  on  the  Cambrian  organisms  in 
Acadia  was  distributed  in  June,  1890.  It  deals  almost  entirely  with 
the  pre-Paradoxides  or  Basal  series  of  the  Cambrian  section  of  New 
Brunswick,  and  is  accompanied  by  both  tabulated  and  illustrated  sec- 
tions and  sketch  maps  of  Hanford  Brook  and  Caton's  Island.^  It  is 
referred  to  at  length  in  the  description  of  the  Cambrian  rocks  of  New 
Brunswick  in  this  paper  (Chapter,  iv). 

In  a  paper  read  May  28, 1890,  Mr.  G.  F.  Matthew  gives  a  detailed 
description  of  the  geologic  structure  of  the  St.  John  basin  in  connection 
with  three  sections  crossing  it.  Further  notice  of  it  will  be  found  in 
the  summary  of  our  present  knowledge  of  the  St.  John  terrane  of  New 
Brunswick.* 

in  a  list  of  the  geological  formations  of  the  Maritime  Provinces  of 
Canada,  Dr.  George  M.  Dawson  tabulates  the  Cambrian  as  follows : ' 

2c.  Upper  Cambrian ^  Mir6  and  St.  Andrew  series. 

i  Cape  Breton. 

2&.  Middle  Cambrian  Acadian  series. 

AT           n      1 -•»  <  Atlantic  Coast  series. 

2a.  Lower  Cumbrian <„ 

(  Nova  Scotia. 

<  Op.  cit.,  p.  306. 

'Ou  the  CarabrUn  orii^iiismB  in  Acadia.    Can.  Keo.  Sci.,  vol.  3, 1889,  p.  384. 

s  How  is  the  Cambrian  divided  f  A  plea  for  the  classiflcation  of  Salter  and  Hicks.  Am.  Ge<ri.,  voL 
4. 18K0,  pp.  139-148. 

*  On  CanibriaD  orftaniflins  in  Acadia.    Trann.  Koy.  Soc.  Can.,  vol.  7,  sec  4, 1800,  pp.  138-143. 

•Matthew,  O.  F.  Illastrations  of  the  fanna  of  the  St  John  group,  Ka  S.  Trans.  Roy.  Soc.  of  Canada, 
voL  8,  sec.  4, 1801,  pp.  123-130.  pis.  u-xvi. 

■An  American  Geological  Railway  Guide.    Jame  8l£ciraxlaa«.    7A  «Ql., YS9A^ v* ^'^ 
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MAINE.     * 

When  (IcHcribinfi:  the  quartz  rock  of  Bar  Harbor,  Moant  Desert 
Islaud,  Prof.  C.  B.  Hitchcock^  suggested  a  Lower  Silurian  age  for  the 
siliceous  slates  associated  with  the  coarse  sandstone  or  quartz  rock, 
by  comparison  with  similar  rocks  on  Flint  Island,  of  which  he  had 
stated  that  the  correlation  was  more  from  fancy  than  real  argument, 
because  it  reminded  him  so  much  of  the  Potsdam  sandstone  in  its  ex- 
ternal appearance. 

At  a  later  date  he  says :  * 

The  first  rook  is  a  sandstono  at  Bar  Harbor,  dipping  at  an  angle  of  twelve  degrees. 
Kipplo  marks  cover  the  surface  of  many  layers,  and  carious  oyUndrical stems  tantalize 
us  by  their  resemblance  to  fossils.    The  formation  is  probably  of  Cambrian  age. 

The  strata  included  under  the  title  of  '^Cambrian"  about  Portland, 
Maine,  is  described  by  Prof.  Hitchcock^  as  follows: 

These  rocks  crop  out  in  Saco,  a  dozen  miles  west.  They  are  clay  slates  and  iBda- 
rated  argillaceous  schists,  the  latter  having  a  northwest  strike,  while  the  rooks  of  the 
ohlor  HAiT'ioa  run  northeasterly.  These  rocks  are  in  character  and  position  allied  to 
the  (*anibrian  Paradoxidoa  slates  of  Massachusetts,  and  exist  in  immease  mass  along 
the  co!Vijt  of  Maiue  west  of  Saco,  and  in  New  Hampshire. 

The  correlation  of  these  beds  is  based  entirely  upon  their  lithological 
characters,  as  no  mention  is  made  of  any  fossils  having  been  found  in 
them. 

In  his  account  of  the  geology  about  Frenchman's  Bay,  on  the  coast 
of  Maine,  Dr.  W.  O.  Crosby  describes  the  slate  formation.  The  pre- 
vailing rock  is  a  compact  and  well  jointed  argillite  or  clay  slate,  of 
black,  drab,  and  purple  tints,  with  distinct  stratification.  The  author 
concluded  that  these  rocks  are  the  newest  rocks  on  this  part  of  the 
coa^t,  by  their  relations  in  dip  and  distribution  to  the  present  contours 
of  the  laud;  by  their  uucrystalline  character;  by  their  relations  to  the 
intrusives;  by  the  fossils  which  they  contain.  The  latter  he  describes 
as  smoothly  and  oven  gracefully  curved  semi-cylindrical  grooves  and 
ridges  about  a  line  in  diameter ;  they  are  often  a  foot  or  two  in  length, 
and  might  souictimes  bo  regarded  as  annelid  trails,  but  in  other  cases 
they  are  irregularly  branched  in  a  way  that  would  be  impossible  with 
worm-grooves,  but  is  very  suggestive  of  smooth,  slender  fucoids.*  The 
general  conclusion  reached  was  that  the  Frenchman's  Bay  series  be- 
longed somewhere  between  the  top  and  bottom  of  the  Cambrian,  with 
the  chances  in  favor  of  its  being  near  the  latter.  In  other  words,  his 
observations  tended  to  corroborate  the  suggestion  made  by  Prof.  Hitch- 
cock twenty  years  before.    He  further  states : 

HloportH  on  the  Geolojxy  of  Maine.  Second  annual  report  on  the  natural  history  and  froolo^y  of 
Maine.     A u jjUHta,  1802.  pp.  280-271. 

*  (ieolo^y  of  New  IlanipHhire.    Concord,  1877,  vol.  2,  p.  32. 

* Tiio  j;eol<»gy  of  Portland.    Am.  Ahsoo.  Proc,  vol.  22,  pt.  2, 1873,  p.  168. 

^Geolojcy  of  Frenchman's  Bay,  Maine.  Boston  Soc.  Nnt.  Hist.,  Proc,  vol.  21, 1R81,  pp.  Ill-lift.  Geol- 
ofFreDciiwAn'a  Bay,  Maiue,  just  east  of  Mount  Desert  Island.  Am.  Jour.  Sci.,  3d  ser.,  vol.  23, 1892,  p^6i. 
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The  resemblanoe  of  tbeee  rooks  ta  the  Acadian  slates  of  the  Bonton  Basin  and  St. 
John  i8  very  marked ;  and  I  Join  with  Prof.  Hitchcock  in  anticipating  the  discovery 
on  the  Blaine  coast  of  characteristic  Primordial  fossils.^ 

Id  describing  a  geologic  map  of  Maine,  Prof.  Hitchcock  says  that  he 
is  unable  to  divide  the  Oambrian  and  Hnronian^  owing  to  a  want  of 
knowledge  of  their  distribution. 

They  are  the  talcose  and  mica  schists  of  the  reports,  called  the  Qnebec  ipronp  by 
H.  Y.  Hind  and  Sir  W.  £.  Logan;  the  St.  John's  gronp  in  New  Brunswick,  and  the 
Merrimack,  Rockingham,  Kearsage,  Andalnslte,  and  Coos  groups  of  the  New  Hamp- 
shire reports.  *  *  *  They  were  called  Cambrian  in  New  Bmnswick  by  Gesuor, 
and  in  onr  second  report  it  was  said  that  this  term  might  ultimately  express  their 
true  age.  Subsequently  Bailey  and  Matthew  referred  them  to  the  Lower  Devonian 
but  the  drift  of  opinion  is  towards  the  earlier  view  at  present.^ 

On  the  map  it  is  very  difiicult  to  make  out  the  distribution,  owing  to 
the  color  of  the  Laurentian,  Silurian,  and  the  Cambrian  being  appa- 
rently identical.  The  supposed  Oambrian  rocks  of  New  Hampshire 
and  southeastern  Oanada  follow  up  the  valley  of  the  St.  John  Eiver 
from  a  little  distance  above  the  entrance  of  the  Allegosh  Kiver,  and 
aloDg  the  Canadian  boundary  line  nearly  to  the  boundary  of  New 
Hampshire.  The  Canadian  extension  of  these  rocks  is  described  more 
in  detail  and  will  be  mentioned  under  the  head  of  the  Canadian  Exten- 
sion of  the  Northern  Appalachian  District  (Chapter  iv). 

In  the  latest  contribution  that  we  have  upon  the  subject  of  the  geo- 
logical age  of  the  siliceous  slate  and  associated  sandstones  or  quartz 
rocks  of  Mount  Desert,  Maine,  Prof.  Shaler  says :  ^ 

We  note  in  the  first  place  that  there  is  a  total  absence  of  liinestonea  in  all  the  sec- 
tions exposed  to  view.  A  careful  study  of  the  drift  materials  on  the  south  part  of 
Mount  Desert  and  on  the  Cranberry  Islands  where  wo  could  hope  to  lin»l  traces  of 
hidden  liniestones  shows  that  there  are  no  limy  bods  in  the  sedimentary  depoHits  of 
this  island.  '  The  aggregate  thickness  of  the  various  Mount  Desert  Hoctions  can  not  be 
less  than  about  6,000  feet  and  may  amount  to  one-half  more  than  this  estimate.  It 
seems  as  if  this  fact  must  exclude  the  hypothesis  that  these  strata  wore  formed  any- 
where in  the  periods  above  the  level  of  the  Cambrian,  for  nowhere  above  tliat  level 
do  we  have  any  such  sections  barren  of  limy  matter. 

It  may  be  next  noted  respecting  the  schistose  series  of  Mount  Desert  that  those  of 
its  east  and  west  margins  are  of  singularly  nniform  composition.  They  were  doubt- 
less originally  shales  and  thin  sandstones  of  great  uniformity  of  structure.  Their 
t4^xture  is  not  such  as  at  all  points  to  exclude  the  preservation  of  fossils;  indeed  the 
greater  portion  of  the  deposits  are  well  fitted  to  exhibit  organic  remains,  yet  they 
have  afforded  no  trace  of  them.  Nowhere  above  tlie  level  of  the  Cambrian  scries  do 
we  find  any  section  of  this  description.  On  these  grounds,  it  seems  reasonable  to 
))1ace  the  greater  part  of  the  Mount  Desert  rocks  in  the  lower  portion  of  the  Cambrian 
section,  if  not  yet  lower  in  the  geological  column. 

This  coincides  with  the  views  of  Hitchcock  and  Crosby,  that  the 
stratii.  under  consideration  are  of  pre-Silurian  and  probably  of  Cambrian 
age. 

M)p.  oit,  i>.  117. 

*(reoIot^ical  map  of  Maiue  (with  notes  on  fceology  oO>  In  (ieolof;)'  of  Northern  New  England, 
1885,  p.  2. 

*  The  geology  of  the  island  of  Monnt  Desert,  Maine.  Eighth  Ann.  Rep.  U.  S.G«o\.  7AVXN«r5  ^'^V.I^'NSaft^ 
p.  1059. 
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In  tlieflna]  leport  of  tbe  geology  and  iniaend<^i.v  uf  N«w  lljimpsliiiv, 
Dr.  O.  T,  Jaokaon  deaoribes  the  Oambriau  syatem  »h  tinderHUiod  by  hitn 
Ht  that  time,  and  atatea  that  metamoiphlo  Oatiibriuu  rocktt  occur  in 
Kew  Hampshire,  bat  tbey  contain  do  fossils.    He  nUo  niiyx : 

The  oldest  tmniltioD,  or  CambriftD  neka,  ooeoi  ia  Xalne  and  TmMnfe,  Mid  dtp  fit 
opposite  dlreoUoDS,  indiefttlng  ko  MitieUn>l  axis  In  Nsw  HftmpditNk 

Od  the  OHtem  side  of  thta  kzls  we  disoovu  the  flnt  dlatlnet  fowlla  la  tlta  Blmte 
atiata  on  tbe  Ksnnebee  Kivar,  where  tfae  rtnt*  dip  boldly  to  ths  nortbwwtwaid. 
'  On  the  weetern  ride  we  li»ve  not  ret  dalennined  the  limits  of  the  C>al)<<Ni  flMril% 
bot  Indintinot  lem^ns  of  orgMila  snbstMieee,  whose  natnra  is  problamKtles],  oeenr  ia 
tbe  neighborhood  of  CwQetou,  and  alonj;  tbe  wastom  fluik  of  ttie  Qreea  Ifffimtslnii 
Tbey  were  soppossd  by  Dr.  Cmt,  who  Snt  uoOmA  thsm,  to  be  (cnptoUtes,  wUefc  mo 
snpposud  to  be  allied  to  sea-pens.  QnptoUtes  are  deooribed  by  MBrehiaon  aa  beloDg- 
log  to  the  lower  part  of  the  Bilaiian  systeni.  He  states,  hawerer.tbatUuaepeBJIke 
•errated  fossilsbave  a  great  Tsrtioalnuige  IntheoUoc  orprotoulerooka,  belngAnnd 
from  tbe  lower  part  of  the  Lndlow  fiwmatloa  down  to  Torf  andent  beds  tn  tha  Caav 
brian  Bysteni. 

Sboiild  these  fossils  prove  to  be  graptoUtee,  thej  wonld  indicate  tbe  pnxlmate  llarits 
of  the  Cnmbrian  rooks  on  the  western  side  of  the  New  Hampshire  antiollnal  axis, 
where  the  atratn  dip  to  the  soatheastward. 

It  will  lie  observed  that  the  strata  become  more  and  more  resent  as  we  proeeed 
eastwani  and  westward  ftom  this  axis,  as  is  proved  by  order  of  snperporitlon,  Utho- 
logioal  obaraoten  and  fossil  oontents  of  the  roolts.ij 

Prof.  Hitchcock  says*  that  tiie  tenn  Oambriaa  is  misapplied  by  Dr. 
Jqpkoou,  and  the  ideal  seotion  showiug  tbe  atraotaral  geology  is  Incor- 
rect in  many  of  its  details.  In  the  final  report  of  the  second  geolofncal 
Hurrey  of  Now  Hampshire  he  describes  the  Kockingham  niica-scliiHt  as 
an  oncontli  mica-schist.  The  Merrimiick  gronp  is  a  micaceoas  qaartz- 
ite  that  has  not  yet  been  fnlly  separated  from  the  previous  group.  It 
aboands  in  beds  of  coarse,  indigenous  granite,  which  seem  to  have  been 
altered  in'ttita  from  the  feldspathic  conglomerate.  In  certain  parts  of 
StraSbrd  County  the  granite  beds  predominate,  forming  numerous  hills, 
while  the  slate  occupies  the  valleys  between.*  Some  schists  with  iuter- 
be<lde<l  clay  slates  which  are  referred  to  the  Merrimack  gronp,  are  sap- 
posed  to  be  equivalent  to  the  Paradoxides  beds  of  Massachnaetta. 

Th«  ConDBctlaiit  Ciir>B  period  can 
of  the  ilnposition  of  the  mouutain  n 
■cbiHts;  third,  of  limestone. < 

In  the  White  Moiiataiu  region  th«ro  are  Havcral  amall  nreas  of  andalniite  slabe, 
HnppoBoil  to  be  the  eiinivnlonl  of  the  ChiIh  group.     ■■     ■     •     •    -rho  Coos  period  was  ■ 
tATminatM  by  oriiptiunH  of  BfeDitic  grniiiC^.     '     *     •     •    Xbe  Coua  quartsite  now 
conetitiiteH  a  distiucl  range  of  moil n tains. '^ 

The  Mount  Mote  conglomerate  is  formed  of  an  eruption  of  tgneons 
material  cementing  together  the  sinty  fragmcntH.    This  is  included  in  the 

■  Final  report  on  the  ceoloEy  and  minenilotn'  "T  tlifl  HLiii»  nf  Hew  nniiipolilni,  vlth  contrilHititn 
tmrknlRtheiiuprnTemcnl  nrnKricnltnntnnd  mntikHiiriiy.    Canoonl,  1M4.  p.l4. 
•RlMor>oflhoOeo1iiiIl0«lHi.n-8yiilnNewniimpiilii[«.     " 
'Pbyidoslhliilnryaf  HewHunpnblre.    Oenlagy  of  Nan 

*0p.cit,p.M7.  •Oii.cii.,p.  saa. 


section  between  the  HfironUin  and  the  Helderberg  period.  On  the  map 
facing  pi^  536  the  formationB  referred  to  the  mioa-achist  period  are 
clearly  ontined.  In  a  aabseqnent  paper  Prof.  Hitchcock^  presented  a 
table  or  scheme  representing  the  stratigraphical  bolnmn  of  UTew  ^«np- 
shire.  The  Oambrian  inelndes  at  the  sammit  tiie  Rockingham  schists, 
and  below,  in  order,  the  oaloiferons  miea^Kshist,  the  Od9s  gronp,  day 
slates,  and  Monnt  Mote  conglomerate.  The  dtecription  of  the  varlons 
formations  is  given  on  page  13  and  on  lliemap  the  geographic  distribn- 
tion  is  delineated.  This  papcir  appears  to  have  been  prepared  and  pub- 
lished prior  to  the  issne  of  the  second  volame  of  the  Geology  of  New 
Hampshire'  and  it  does  not  refer  to  the  volame.  On  page  674  of  the 
latter  work  the  formations  in  New  Hampshire  are  tabulated  as  follows: 

Feet , 

(Upper  Helderberg  (Vermont) 200;  Lower  Helderberg*  500 700 

Caloifexone  mica  BohiBt 4,800 

.StouroUteiOste ....^ 3.000 

Co5sgronp.  <  Mica  sehiBt,  often  stsuroliferoiui 3,300 

C  QnarUite 1.000 

Cambrian  slatflfl  (Conneoticni Valley) 3,000 

Total  Paleosoio 15,800 


[• 


fKearsarge  andaloelte  group l,:tOU 

I  RookiDgham  mica-eohiet 6.000 

Paleozoiof  ^  Merrimack  group • 4.300 

I  Fermginons  alatee,  with  steatite  (probably  repetition  of  preced- 
l     ing) 

Total  Paleozoic  f 11,600 

Under  the  head  of  Gambriany  in  the  Geology  of  Northern  New 
England,  Prof.  Hitchcock  says :' 

The  discofisions  abont  the  value  of  the  Cambrian  series  are  leading  geologists  to 
assign  to  this  place  in  the  colomn  a  thick  mass  of  sediment,  usnally  without  fossils 
and  largely  argillaceous  in  character.  We  may  for  the  present  place  here  tlie  follow- 
ing groups:  (1)  Mica-schists  of  southern  New  Hampshire.  (2)  Merrimack  group, 
including  argillo-qnartsites  in  Coos  County.  (3)  Coos  group.  (4)  Clay  slates.  (5) 
Mount  Mote  conglomerates. 

In  one  of  his  later  papers,  Prof.  Hitchcock/  in  speaking  of  the  various 
forinations  that  make  up  the  mica-schist  group,  says  they  may  be  called 
Silurian,  Cambrian,  or  pre-Oambrian,  according  as  each  author  is  in- 
clined to  regard  New  England  as  very  ancient  or  on  the  verge  of  the 
Paleozoic.  lu  a  table  giving  the  thickness  of  the  formations^  the 
Cambrian  slate  series  has  a  thickness  of  4,000  feet;  and  beneath  it 

>  Geological  map  of  New  Hampshire  and  Vermont,  with  notofl  on  topoji^phy  and  geology.  In  GeoU 
ogy  of  Northern  New  England,  1874,  p.  9. 

*  Hitchcock,  C.  H.    Geology  of  New  Hampshire,  Concord,  1877,  toL  2. 

'(Yeological  map  of  New  Hampshire  and  Vermont,  with  notes  on  topography  and  geology.  In  Ge- 
ology of  Northern  New  England,  1874,  p.  13. 

*  Geological  sections  across  Vermont  and  New  Hampshire.  Am.  Mas.  Nat.  Hist,  Boll.,  voL  1, 1884| 
p.  168. 

»Op.clt.pp.l78,179. 
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we  find  the  CrystalliDe  £proup  that  was  referred  to  the  Cambrian  in  the 
Geolof^y  of  Northern  New  England  in  1874,  as  follows: 

CryatalHite  group, 

Cnlciferous  mica-schist  and  Coos  group 12,000 

Ke.'ir»ar^o  gronp 1,300 

Koekiii«i;liam  mica-schist 6,000 

Merrimack  group  ..*. 4,300 

Beneath  the  Merrimack  group  the  Uaronian  is  placeil,  with  a  thick- 
ne8N  of  12,000  feet. 

In  a  tabulation  of  the  geological  formations  of  Maine,  New  Hamp- 
Rliirc,  Vermont,  Massachusetts,  Khode  Island,  and  Connecticut,  by 
Proi.  Hitchcock,'  thecalciferous  mica-schist,  staurolite  slate  and  sehists, 
(]aartzite,  andalusite  schists,  and  Kockingham  mica-schists  are  iD« 
eluded  in  the  Cambrian.  In  a  foot-note  he  says  that  the  quartzite, 
staurolite  slate  and  schist,  and  the  calciferons  mica-schists  may  yet 
prove  to  bo  Silurian.  In  his  classiGcation  of  the  Paleozoic  rocks  of 
New  England  he  places  under  Cambrian  the  St.  John  or  Braintree  slate, 
Taconic  slate,  and  lioxbury  <;on glomerate. 

in  a  table  published  in  1890  he  includes  only  the  Potsdam,  Georgia, 
Acadian,  and  the  Taconic  slate  (in  part)  in  the  Cambrian.  All  of  the 
foIiat^Ml  crystalline  rocks  of  New  England  are  classified  as  pre-Cam- 
briau/'* 

EASTRRN  MA88ACHU8KTTS. 

The  references  to  the  argillite  and  limestone  in  which  the  Cambrian 
faunas  have  been  found,  in  the  Boston  and  Narrajj;ansett  Basins,  occur 
in  most  ol'  tlie  publications  ri^lating  to  the  geology  of  eastern  Massa- 
ehusetts.  In  ISbS  Messrs.  J,  F.  and  S.  L.  Dana  stated  that  the  argil- 
lite  was  tlie  oldest  roek  known  in  the  region.-*  Its  distribution  is  shown 
in  a  general  way  upon  the  map  accompanying  the  report.  It  is  stated 
to  be  subjacent  to  the  syenite  in  Milton  and  Braintree,  and  to  be 
strati rie<l.  in  the  works  of  i^rof.  Amos  Eaton ^  the  rocks  of  eastern 
Massaclius(»tts  are  shown  in  sections,  but  nothing  is  added  to  the  data 
given  by  the  Messrs.  Dana. 

The  next  description  of  the  geology  of  Boston  and  vicinity,  by  Dr. 
.].  W.  Webster,*^  mentions  that  the  light  gray  clay  slate  is  the  only  rock 
found  on  the  Boston  Peninsula  in  situ.  He  noticed  the  presence  of  the 
slate  in  Quincy  and  also  atNahant. 


'  Muiuf,  New  ]Iaiii|)Hliir(\  Veriiiont,  Musnai'liUMeltK,  Klnul»<  Inlaud,  audCuuuecticiit.  (CftH>logicAl  for- 
iiintiiiiis.)     Muitfatlaiic'H  \ni.  (ii^ol.  It.  K.  (iuidc,  187U,  ]>.  r>tf. 

■^  Idoin..  Hrcoiidoditiini,  18(M),  p.  WJ. 

*()iitIiiH".s  <»r  tho  iniiirraloify  and  p'«doj;y  of  BoHton  and  its  virinity,  with  a  K«'olopioal  map.  Am. 
Av.uX.  Arts  and  Sci«Mi<-«-H.  MonuMirt,  vol.  4,  1818.  pp.  1L»0  2'S.i. 

*Au  hnU'N  \o  tin*  <M'(do|ry  ol'tho  Northeni  Stat«'s,  with  a  tranHvtirHe  Hcrtion  from  CatAkill  Mountain 
tt>llM«  Atlantic.  Li-ir»MtiT,  IHIH,  pp.  62.  A  G<'ioU>}{ioal  and  Agricultural  Survey  of  the  Dintrict  Ad- 
joining; thi*  Kri«'('anal,  All)any.  1824,  pp.  1C3,  plato. 

*i:rniarkM  ou  tho  gu<d(i;;y  uf  Buatuu  uud  itb  viciuily.     Boatou  Juur.  Phil,  and  Arts,  vol.2, 1834, pp. 
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« 

lu  1832  Prof.  Edward  Hitchcock^  described  the  argillite  in  the  viein- 
ity  of  Boston,  and  stated  that  the  austratified  rocks  were  of  igneous 
origin  and  intrusive  among  the  stratified  rocks.  A  general  description 
of  the  argillite  is  given  in  the  text  with  localities,  and  on  the  map  the 
geographic  distribution,  as  known  to  him,  is  delineated.  This  includes 
the  Quincy  locality.  In  the  final  report  of  the  Massachusetts  survey 
Dr.  Edward  Hitchcock,  in  speaking  of  the  argillaceous  slate  of  the  east- 
em  part  of  the  State,  says  that  owing  to  its  intimate  connection  with  vari- 
eties of  rock  referred  to  the  Graywacke  group  it  ought  to  be  described 
as  one  of  the  members  of  it,  although  marked  as  a  distinct  deposit  on  the 
map.  He  considered  this  slate  as  older  than  the  graywacke,  because 
fragments  of  the  slate  occur  in  one  of  the  varieties  of  conglomerate  of 
the  graywacke.'  On  the  same  page,  in  describing  the  limestone  in  the 
southwest  part  of  Attleborough,  he  says  small  beds  of  compact  light 
gray  limestone  occasion  the  red  sandrock.  He  did  not  see  much  of  it 
in  place,  but  the  numerous  blocks  in  the  stone  walls  indicated  its  ex- 
istence in  that  locality.  On  the  map  accompanying  the  report  the  ar- 
gillaceous slate  is  shown  in  eastern  Braintree,  the  central  part  of  Quincy, 
and  thence  extends  across  Milton  and  Dorchester  to  Roxbnry.  A  small 
outcrop  is  also  indicated  on  the  north  side  of  Nahaut.  The  North  At- 
tleborough locality  of  the  Cambrian  as  now  known  is  covered  by  the 
Carboniferous  (No.  17  of  the  legend  of  the  map).  The  descrii)tiou  in 
the  report  of  1841  is  essentially  the  same  as  in  the  preliminary  report  of 
1833. 

In  an  article  on  the  crystalline  limestones  of  North  America  Dr.  T. 
S.  Hunt^  suggests  that  the  limestones  interstratified  with  the  red  slates 
at  Attleborough,  as  described  by  Dr.  Hitchcock,  may  correspond  to 
those  which  with  similar  slate  and  sandstone  are  met  with  at  the  base 
of  the  Carboniferous  formation  in  Canada  and  in  New  Brunswick. 

Tlie  long  silence  in  relation  to  the  geologic  age  of  the  altered  rocks 
of  eastern  Massachusetts  in  the  vicinity  of  Braintree  was  finally  broken 
in  1856  by  the  announcement  of  Prof.  W.  B.  Kogers  that  trilobites  of 
the  genus  Paradoxides  had  been  discovered  at  a  quarry  in  a  belt  of 
siliceous  and  argillaceous  slate  lying  on  the  boundary  of  Quincy  and 
Braintree,  about  10  miles  south  of  Boston.  In  announcing  this  discov- 
ery he  compares  the  species  found  with  Paradoxides  spinosus  of  Bar- 
rande.    He  states:^ 

Tbe  rock  in  which  these  fossils  occur  is  a  compact,  densu,  rather  fine-grained,  sili- 
co-ari;iIlaceons  slat«  or  slaty  sandstone,  containing  little  or  no  carbonate  of  lime. 
ft  •  •  •  •  Qyg  qI"  |j|jg  nioat  curious  facts  relating  to  the  trilobite  of  the  Quincy 
and  Braintree  belt  is  its  seeming  identity  with  Paradoxides  harlanif  described  by 
Green  in  his  Monograph  of  North  American  Trilobites. 


I  Report  on  the  geolos}'  of  MaiiHachuiietUi.  exftinineil  aiider  the  direction  of  the  government  of  that 
State  dnring  the  years  1830  and  1831.    Am.  Jour.  Sci.,  vol.  22, 1832,  pp.  1-70,  with  map. 

*  Final  report  on  the  geology  of  Massarhiiiietta,  1841,  vol.2,  p. 537,  Amhernt. 
3  Aw.  Jonr.  Sci.,  2d  aer.,  vol.  18, 1854,  p.  IdO. 

*  Proofs  of  the  Protozoic  age  of  aome  of  the  altered  rocka  of  eastern  Maaaaohasetta  Ctota.  tm)^% 
recautly  diacovered.    Am.  Acad.  Proc.,  vol.  3, 1856,  p.  317. 
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He  adds  farther:  ' 

The  oooanexuM  «if  well  praeerred  fomHia  among  loeks  eo  Ughly  sllfini  Md  ■»  omi- 
tiguooe  to  great  ign^oae  meaMt  m  mn  the  foedUlBioiie  shMbee  of  ,QaiiMf  nnj  iron 
enooarage  as  to  nliike  OMeAil  rieeroh  in  other  p«rt«  of  Hew  Englaiid  whwyhawitoibw 
tooh  an  exploratldn  would  hare  been  deemed  naden.^ 

Prof.  Louis  Agassisy  in  oommenting  npon  the  annonnoenient  of  ProL 
Sogers,  said  ttiat,  geologioallj  speaking,  its  importanoe  .oonld  hacdly 
be  overestimated.  We  have  now,  he  remarked,  a  standard  level  npon 
which  to  boUd'^  np  the  formation  of  the  metamorphlo  rodks.*  PioL 
Sogers  also  oomronnieated  the  knowledge  of  the  disoovecy  of  the 
Braintree  fossils  to  Prod  J.  D.  Dan%  in  a  letter  dated  Angnst  IS,  1858.' 
He  states  that  his  attention  was  called  to  the  looality  by  Peter  Wain- 
Wright,  Bsq.|  who  resided  in  the  vidnitj  of  the  qoarry. 

Dr.  Isaac  Lea^  visited  the  Braintree  quarry,  and  in  reporting  upon  It 
to  the  Philadelphia  Academy  of  Natural  Sciences  stated  that  he 
agreed  with  Pro£  Sogers  in  placing  tliis  formation  among  the  more 
ancient  of  the  Paleosoic  periods.  ^^  It  lies  directly  on  the  granite  roeks, 
or  rather  it  is  squeezed  in,  and  is  embraced  by  these  rodu  (on  the  east 
and  west  sides),  which  are  disturbed  by  an  upheaval.''  He  considered 
the  trilobite  found  there  to  be  undoubtedly  the  same  as  described  by 
Prof.  Oreen  many  years  before  under  the  name  of  Partidaxidei  harUmL 

Prof.  W.  B.  Sogers  again  called  attention  to  the  Braintree  looalify ' 
for  the  purpose  of  noting  the  fact  that  the  formation  was  among  the 
oldest  of  the  Paleozoic  series,  and  situated  somewhere  about  the  level 
of  the  Primal  rocks  (Potsdam  sandstone  and  the  Protozoic  sandstone 
of  Dr.  D.  D.  Owen),  containing  Dikellocephalus  in  Wisconsin  and  Min- 
nesota. 

In  1S56  Pro£  0.  T.  Jackson  ®  described  the  rock  at  Braintree  as  a 
blue  jn*fty,  argillaceous  slate,  containing  silicate  of  lime  but  no  carbonate, 
and  some  disseminated  iron  pyrites.  The  stratification  of  the  rock,  as 
indicated  by  its  grain  and  cleavage,  dips  to  the  north  50^,  and  runs  east 
and  west.  The  existence  of  the  genns  Paradoxides  in  the  argillaceous 
slates  of  Braintree,  proves  them  to  belong  to  tUe.lowest  of  thefossiliferons 
Silurian  rocks,  and  be  believed  them  to  be  the  geological  equivalents 
of  the  argillaceoos  slates  of  Sweden,  which  are  in  a  similar  manner  dis* 
mpted  by  the  intrusion  of  syenite. 

I  Am.  Acad..  Proo.,  vol. 8, 1856,  p.  318.  'Ibid.,  p.  319. 

*Dlnoovory  of  Paleozoic  foasila  in  eaatem  Maaaaohnnetts.  Am.JToar.  Sci.,  2d  acr.,  ▼ot.23,18M,pp. 
29<^208. 

<  fOn  the  trilobito  formation  at  Braintree,  Manaachaaetta.]  Phila.  Acad.  Sci.,  PtoOm  toL  9,  1K8L 
p.  205. 

*  [On  trilobitea  from  Braintree  and  on  the  Koologio  relationa  of  the  diatriot.1  Boaton  Soo.  Hftt. 
Hint..  Proc,  vol.  6, 1856,  pp.  27-29, 40, 41. 

•  f On  the  Braintree  argUlite  and  ita  trilobitea.]    Boaton  Soo.  Nat.  Hiat,  Proc,  voL  6, 1856,  pp.  43-44 « 
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In  arranging  the  collections  of  the  State  cabinet  of  Massachnsetts, 
Dr.  Edward  Hitchcock  placed  the  rock  near  Boston  which  carries  the 
trilobites  in  the  Silurian  and  Oambrian.^ 

Prof.  W.  B.  Bogers  sent  to  Mens.  J.  Barrande  '  a  photograph  of  the 
Faradoxides  fonnd  at  Braintree.  Barrande  compared  it  with  VwraAooB* 
ides  9J110MM  and  condnded  that  ParadoiridM  harlami  was  a  synonym  of 
JParadoxidet  tpUumu. 

In  1861  Prof.  Bogers'  annonnced  the  discovery  by  Mr.  Norman  Baa- 
ton  of  pebbles  carrying  fossils  of  the  Potsdam  fieiana  in  Carboniferous 
conglomerate  north  of  Fall  Biver,  Hassachosetts.  He  thought  the  forms 
distinctly  recognised  in  the  pebbles  were  Lingnla  of  two  species,  resem- 
bling Lingula  prima  and  JL  antiqua  of  Emmons,  from  the  Potsdam  sand- 
stone of  New  York«  and  that  the  rocks  from  which  the  pebbles  were 
derived  were  probably  closely  connected  in  time  with  the  period  of  the 
Braintree  Faradoxides  beds.  The  conglomerate  in  which  the  pebbly 
occar  is  considered  to  be  of  Oarboniferons  age. 

Various  communications  were  made  to  the  Boston  Society  of  Natural 
History  respecting  the  Faradoxides  fauna  at  Braintree,  by  Messrs. 
Jules  Marcou  and  O.  T.  Jackson  in  1861  and  1862.  From  that  time 
nntil  1869  little  attention  appears  to  have  been  given  to  the  Braintree 
rocks.  In  the  latter  year  Prof.  N.  S.  Shaler  ^  described  the  rocks  in  the 
vicinity  of  Boston,  and  referred  to  the  argillites  of  Braintree,  stating 
that  they  were  deposited  in  deep  water.  In  1870  Dr.  T.  S.  Hunt  ex- 
amined the  rocks  near  Braintree,  and  stated  that  the  unaltered  argil- 
lites of  Braintree,  holding  the  Primordial  fauna,  were  observed  by  Prof. 
Shaler  and  himself  to  rest  directly  upon  a  hard  porphyrite  felsite  of 
the  ancient  series.    He  says:'^ 

Tho  fact  that  the  Primordial  strata  of  Braintree  have  suffered  no  metamorphism  is 
the  more  significant,  since  tho  beds  of  similar  age  in  New  firnnswick  and  Nowfonnd- 
land  rest  nuconformably  on  crystalline  strata  supposed  to  lielong  to  the  same  ancient 
Rories  that  nnderlies  the  liraintree  beds,  and  are,  like  these,  unaltered  sand  and  mud 
rocks. 

In  1875  Mr.  W.  W.  Dodge®  described  the  rocks  at  and  about  Brain- 
tree in  the  Boston  Basin  with  great  detail,  and  accompanied  this  with 
a  (liscuBsion  of  the  correlation  of  the  Faradoxides  beds  with  the  various 
lower  Paleozoic  rocks  of  Europe. 

In  the  same  year,  in  some  remarks  on  Massachusetts  geology,  Dr.  T. 
S.  Hunf  reaffirms  his  observation  on  the  relations  of  the  fossiliferous 


'-[CatAlo)^o  of  Stato  cabinet  and  not4M  on  motamorpliio  rooknl  8th  annnal  report  of  the  Secretary 
of  Af  A8Hn4^linRettii  Board  of  A{;ricultare,  etc.,  by  Charles  L.  Flint,  Boston,  1860,  p.  iv. 

*  Trilobiten  dctr  Prlmordial-fiiana  in  Hassachnsetts.    Kenes  Jahrb.  fdr  Mineral.,  I860.,  pp.  429-431. 
' On  foMiiliferouH  pebbles  of  Potsdam  mcks  in  Carboniferous  <*<  ngliniorate  north  of  Fall  Kivor, 

M AAsachuHotta.    Boston  Soc.  Nat.  Ilist..  Proc.,  vol.  7, 1861,  pp.  3^-39i. 

*()n  the  relations  of  the  rocks  in  the  vicinity  of  Boston.    Boston  8oo.  Nat.  Hist.,  Proo.,  vol  13,  I860, 
pp.  172-178. 

*On  the  geolof^y  of  the  vicinity  of  Boston.    Boston  Soc.  Nat.  Hist.,  Proo.,  voL  14,  1871,  p.  48. 

*  Notes  on  the  freolosy  of  eastern  Massachnsetts.    Boston  Soc  Nat.   Hist,  Proo.,  vol.  17,  1875,  pp. 
388-419. 

^[Remarks  on  Massachusetts  geology.]    Boston  Soe.  Nat.  Hist,  Proc.,  vol.  17, 1^^,-^-^. ^iRi^-^Y^. 
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rocks  of  Braintree  and  St.  John,  New  Brnnswick,  to  tlie  subjacent 
cr.VHtalline  Huronian  strata. 

The  following  year  Prof.  W.  O.  Crosby  described  the  Geological  Map 
of  Massachusetts,  and  said:^ 

Although  tho  fossils  characteristic  of  the  Acadian  ^onp  have  been  foand  at  only 
one  locality  iu  Massachusetts,  viz,  UaywanVs  qnarry,  in  Braiutree,  yet  most'  olMterr- 
ers  agree  that  the  greater  portion  of  the  slates  in  the  vicinity  of  Boston  are  probably 
of  Priiuordial  age;  and  I  have  so  repn^sented  them  on  the  map. 

The  strata  referred  to  are  then  described  in  a  general  way. 

In  1875  Prof.  W.  B.  Eogers^  announced  the  discovery  of  impressions 
suggestive  of  the  fOvSsil  Liugula  mentioned  by  him  from  Fall  River,  in 
pebbles  of  the  conglomerate,  at  Newport,  Ehode  Island.  The  pebbles 
consist  of  a  gray  siliceous  rock  or  quart/Jte. 

The  memoir  of  Prof.  W.  O.  Crosby  on  the  Greology  of  eastern  Massa- 
chusetts, with  its  accompanying  map,  appeared  in  1880.     He  says :  ^ 

The  Paleozoic  rocks  of  eastern  Massachusetts  occur,  as  already  indicated,  only  in 
limited  basins  or  depressions  excavated  iu  the  ancient  crystalline  formations.     .     .    . 

The  moHt  diligent  search,  continued  for  many  years,  by,  in  the  aggregate,  a  small 
army  of  obHcrverH,  has  failed  to  briug  to  light,  among  the  rocks  of  the  Boston  Basin, 
more  tliau  one  locality  affording  fossils.  This  is  the  celebrated  slate  (quarry  of  the 
south  shore  of  llayward^s  Creek,  in  the  extreme  northeast  comer  of  Braintree. 

Prof.  Crosby*  concludes  that  the  Paradoxides  bed  in  Brain- 
tree is  the  established  base  line  for  the  stratigraphy  of  the  Boston 
Basin  ;  and  that  all  the  rocks  in  the  Boston  Basin  above  tlie  Shawniut 
group,  and  including  the  Paradoxides  bed,  belong  to  one  and  the  same 
essentially  conformable  series ;  although  (p.  180)  there  is  in  the  Boston 
Basin  essentially  but  one  conglomerate  and  one  slate,  and  the  former 
underlies  the  latter.  From  this  it  follows  that  the  slate  is  of  Primor- 
dial age,  and  the  conglomerate  must  be  of  the  same  age,  or  older.  The 
conglomerate  is  stated  to  pass  gradually  into  the  slate,  and  a  detailed 
<lescription  of  these  two  formations  is  given  as  they  occur  in  the  Boston 
Basin.  On  the  ina\)  a  part  of  Nahinit  is  colored  to  indicate  the  Cam- 
brian slate.  In  the  text  he  describes  white  and  gray  limestones  that  in 
texture  are  very  compact  and  highly  crystalline  or  saccharoidal.  These 
have  a  thickness  collectively  of  i)erliaps  20  feet,  lie  assigns  to  the 
conglomerate  a  maximum  volume  not  exceeding  1,000  feet;  and  con- 
siders that  the  greatest  thickness  of  the  slates  cannot  be  much  less  than 
that  of  the  conglomerate,  though  in  some  cases  falling  below  500  feet,* 

Dr.  M.  E.  Wadsworth,*^  in  discussing  the  relation  of  the  Qnincy  gran- 
ite to  the  Primordial  argil  lite  of  Braintree,  states  that  Dr.  Hunt  was 


'  Ropcirt  on  tlin  ^eoloji^ical  map  of  MassachuHettH,  IJoston.  1870.  p.  40. 
»  On  tlu*  NBWport  con^sloniiTuto.     Jiontou  S»c.  Nat  Uint.,  Vnn'..,  vol.  1ft,  187r»,  p.  lOO. 
'(N)ntributiouH  t<»  the  g«'oloKy  *>f  eaMtoru  MaHBaohusuttii.     Jiu.ston  Soc.  Nat,  lli«t.,  Occanioual  paptTii, 
No.  3, 1880,  p.  181, 183. 

*()p.  olt..  pp.  181, 185.  »  Op.  cit,  p.  206. 

•On   th»;  relation  of  the  Qnincy  »;ranit«  lo  the  rriinonlial   ar>:illito  of  Braintree,   MasHachusvtta 
IkmtoD  Soc.  Nat.  Hint..  Proc,  vol.  21,  pp.  •J74-277.  1882. 
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inisUikeii  in  regarding  the  granite  as  of  Hnronian  age,  as  was  Prof.  Shaler 
ID  regarding  it  as  a  metamorphosed  sedimentary  rook.  He  says  the 
argillite  is  surrounded  by  intrusive  granite  of  a  later  age,  thus  adopt- 
ing the  view  advanced  by  Dr.  Hitchcock  in  1832.  In  describing  the 
slates,  he  says  they  dip  a  little  west  of  south  at  an  angle  of  55^,  nearly 
as  given  by  Mr.  Lea.  He  thinks  that,  judging  from  their  writings.  Profs. 
Eogers  and  Shaler  based  their  conclusions  regarding  the  dip  of  the 
argillite  upon  its  structural  character.  In  another  paper,  published 
the  following  year.  Dr.  Wadsworth  discusses  the  argillite  and  conglom- 
erate of  the  Boston  Basin,^  and  concludes  from  studies  made  by  him  that 
there  are  at  least  two  distinct  argillites.  One  like  that  underlying  the 
conglomerate  on  Beacon  street,  Boston,  and  resembling  in  some  of  its 
characters  the  Paradoxides  argillite  at  Braintree.  The  second  is  of 
coarser  grain,  often  more  decidedly  arenaceous,  and  generally  of  a  gray, 
black,  or  re<ldish  color,  and  forms  the  Somerville  argillites  (^<  0am- 
bridge  slates.")    It  is  stated :  * 

So  fur  as  we  have  any  evidence  at  present  the  oldest  sarface  rocks  in  this  basin 
arc  the  urgillites  and  the  schists  of  allied  character.  Of  these  we  only  know  the  age 
of  a  very  small  urea  in  Braintree  and  Quincy.  •  •  •  Older  rocks  than  the  Brain- 
tree  (Paradoxides)  argillites  may  exist,  but  of  their  existence  we  thus  far  have  no 
l»roof. 

The  discovery  of  fossils  of  Lower  Oambrian  age  near  North  Attle- 
borougb,  Bristol  Oounty.  Massachusetts,  by  Prof.  N.  S.  Shaler,**  located  a 
second  area  of  Cambrian  rocks  in  eastern  Massachusetts.  Ue  describes 
the  geographic  distribution  and  the  character  of  the  rocks,  and  in  an 
accompanying  paper  in  connection  with  Mr.  A.  F.  Foerste  gives  a  descrip- 
tion of  the  fauna.  As  the  description  of  the  strata  and  the  fauna 
is  that  which  is  given  in  our  summary  of  the  present  knowledge  of  the 
rocks  of  eastern  Massachusetts,  it  is  here  omitted. 

In  a  review  of  the  stratigraphic  position  of  the  Olencllus  fauna  by 
Mr.  C.  D..\Valcott  in  1889,*  it  is  shown  that  the  Paradoxides  fauna  of 
l^raintree,  Massachusetts,  of  St.  John,  New  Brunswick,  and  of  south- 
eastern Newfoundland,  is  superjacent  to  the  Oleuellus  fauna,  and  thus 
above  the  Oleuellus  fauna  as  found  at  North  Attleborongh  by  Prof. 
Shaler.  This  is  presented  more  fully  in  a  paper  in  the  Tenth  Annual 
Report  of  the  Director  of  the  U.  S.  Geological  Survey.* 

In  a  sketch  of  the  physical  history  of  the  Boston  Basin,  Prof.  W.  O. 
Crosby^  mentions  the  old  and  more  or  less  altered  or  metamoriihic  slates 
of  the  Braintree  quarry,  and  states  it  to  be  clearly  established  that  the 


>  Tb(^  argillite  and  conglomerate  of  the  Boston  Baain.    Boston  Soo.  Nat.  Hist.,  Proc.,  vol.  22,  1883, 
pp.130 -133. 

•''Op.  cit.,  pp.  132,133. 

*  On  the  geolovcy  of  the  Cambrian  district  of  Bristol  Connty,  Massachnsetts.    Ball.  Mas.  Corap. 
Zo6\.  Harv.  College,  vol.  16,  1888,  pp.  13-28. 

^Stratigraphic  position  of  the  Olenollas  fanna  in  North  America  and  Enrope.    Am.  Joar.  Sci.,  3d 
ser..  vol.  37,  1889,  pp.  374-392 ;  vol.  38,  1889,  pp.  29-42. 

*  The  fanna  of  the  Lower  Cambrian  or  Olenellas  zone.    10th  Ann.  Rep.  U.  S.  Geological  Survey,  1890, 
pp.  509-763,  plates  40-98. 

*  Physical  History  of  the  Boston  Basin.    Lowell  free  leclTiTQa,  \%SI^\%^.    ^&K>%\xm,V^^%V^*^^ 
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gnuiite  is  enip|tive  tinongh,  md  thernforu  ncwur  tban  the  I'riniordiiil 
■late.  Tbo  evideooe  of  the  trilobifees  hUowh  tliat  tlio  slates  were  formed 
very  fttr  back  hi  geologtcal  time,  mad  ubot  t)i»  bana  of  tlie  reeogiiixvil 
geological  formatloiu.  la  a  rtsamti  of  the  geotngical  history  of  tbu 
Boston  Basin/ageDenldescriptloD  of  the  Primordial  alatDBWidqBMte- 
ites  and  th^  'phyaioal  relations  ia  given. 

In  mentioning  the  discovery  of  fDaails  in  the  llQMRtonwat  Kabaa^  Mr. 

A.  F.  Foerate  correlated  the  Nahant  limestone  with  the  red  alataa  at 

.  2rortiiWeymoaai,andooiMdiided  that  th^r  are  Btratlgn^lileaHrbeoaatli 

the  Braiatree  Pamdozides  beds,  and  that  the  red  slates  <a  UU  Gove  it 

:.  i.-  North  We;moDth  are  of  Olenellos  age  and  beneath  the  Paikdoxidce 

;.    -strata.* 

*  In  1889 Hr.  A. O. Lane  desoribed  thegeologyoflTahantfriHD  aminar- 
alogical  standpoint,*  and  in  the  fbllowing  year  ProC  J.  H.  Seaip  pah- 
liabed  a  description  of  the  stratified  rooks  of  Bssex  Oonnt?,  wUdi  ia- 
olades  the  limestones  and  associated  states  of  Naliant.  He  tnentiou 
finding  Sfolithetprinot^,EsoUth^  txmmunia  var.  emmonaijSyoUtkmim- 
par,&aA8tentftlu)ear»go»a.*  HealBodiBcoreredaaoatoropof  the  Lover 
Cambrian  limestone  in  a  valle;  between  Prospect  Hill  and  Hnnilow^ 
Hill,  in  Bowley,  in  which  fragments  of  Hyolithes  oocor. 

rAUOVTOLOOT. 
XKWrOUNDLUn>. 

The  first  anaoancement  of  the  discovery  of  the  Cambrian  fanaa  in 
Newfoundland  appears  to  be  by  Mr,  J.  W.  Salter'  in  the  desuriptiott  of 
Paradoxides  bennetlii.  He  referred  the  species  to  the  "  Lingula  fiags  or 
Zone  Primordiale." 

From  collections  made  by  the  Canadian  G^eological  Survey  Hr.  E. 
Billings  described  in  1861"  the  foana  from  the  Cambrian  strata  ou  the 
north  side  of  tbe  Straits  of  Belle  Isle,  on  the  Labrador  shore,  at  l^Anse 
anLonp,  and  assigned  it  to  the  horizon  of  the  "Lower  Potsdam,"  corre- 
lating it  with  the  fauna  found  in  Franklin  County,  Vermont,  which  is 
de8cril>ed  in  the  same  paper.  The  species  described  are  PaUeopl^/out 
incipient,  Archamci/atkus  attanticua,  Obolus  labradoricus,  OboUilla  ckm- 
matica,  0.  {Kutorgina)  cingulata,  CoTtocephalitea  mvier,  Batkj/vrvs  senectui, 
S.  parvulus,  SalUrella  rugosa,  8.  pulckella,  and  8.  obtusa.     The  new 
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genera  are  Archseoojathas,  Obolellai  Kntorgina,  and  Balterella.  In 
leprinting,  in  1865|  the  artide  pnbltohed  in  I86if  Mr.  Billings  added 
a  new  spedee,  Ar€ha»e3fatkt$$profimdu8f  and  in  the  same  year  described 
Acrotrtta  gemma  from  near  Portland  Greek, 

The  mode  of  oocnrrenoe  of  the  Uambrian  seotion  and  fenna  on  the 
northwest  eoast  of  NewfiNrndland  is  glTen  by  Sir  William  Logan  in  the 
description  of  tiie  geologioal  seotion  near  Bonne  Bay.^ 

From  a  ooUection  of  fossils  from  Kewfonndland  sent  by  Mr.  Alexan- 
der Marray  to  Mr.  B.  Billings,  there  was  described  in  1865  Ba^yumu 
ffregariusszSolenopleura  gregariui  from  the  Faradoxides  horizon  of  south- 
east J^ewfoondland.'  Snbseqnently  he '  described  the  fanna  found  at 
Great  Bell  Island  and  also  ^  Fossils  from  the  Menevian  Oroup,^  under 
which  we  find  OboleUat  mUer^  S^raparoUma  remotOj  Syolithea  exceh 
lenSy  Agraulo9  BookMSj  A.  9irmuu8f  A,afflm8y  Solenapleura  txnnmunisj  Aao- 
polenus  vmustus^  Paradoxidea  temeUuBf  P.  deeartu^  Iphideiij  n.gen.,  Ipkidea 
bdlaj  Stenotheea  pavper^  SoeneUaj  n.  gen.,  SceneUa  reticulata.  Also  from 
the  shalesand  sandstones  of  Great  Bell  Island,  Oonoeption  Bay :  Eophff- 
tan  linnwanum^  S.  jukeH^  Arihraria  antiquatOf  LingtUa  mwrrayij  Lik- 
gulella  (t)  afflnis^  Z.  (f )  spissOj  and  Oruzidna  Hmilia. 

With  the  exception  of  OboleUa  t  mUer^  BoUnoplea  ra  oommimM,  Bteno 
theca  pawpw^  and  Scwytlla  reHeulata  the  species  described  in  1872  were 
republished  in  the  appendix  to  the  report  of  progress  of  the  Geological 
Survey  of  Newfoundland  for  1881. 

In  1878  Mr.  J.  F.  Whiteaves  described^  a  new  species  of  Lingula,  £. 
billingsianaj  from  the  shales  of  Kelley's  Island,  and  republished  Mur- 
ray's geological  section  on  Manuel's  Brook,  southeast  Newfoundland, 
with  a  list  of  fossils  collected  there  as  follows :  1.  Agnostus  acadiem; 
2.  Agnostua  (sp.  uudet.) ;  3.  MicrodUous  punotatU8 ;  4.  M.  dawsoni ;  5. 
Oonocephalitea  tenet*;  6.  0.  baileyi ;  7.  0.  aresteaf;  8.  Faradoxides 
sp.  undet),  stating  that  Nos.  1, 3, 4, 5, 6,  and  possibly  7,  are  common  to 
the  Primordia^slates  of  St.  John,  New  Brunswick,  and  to  the  shales  of 
MauuePs  Brook. 

In  1887  when  reviewing  the  Gambrian  faunas  of  Cape  Breton  and 
Newfoundland  Mr.  G.  F.  Matthew'^  described  a  new  species  from  the 
Oleuellus  zone,  Solenopleura  bombifronsy  and  identified  from  Manuel's 
Brook  Faradoxides  sp.,  Agnosttis  gibbus  (f)jAgraulos  socialiSj  aud  Hy. 
olithes  sp.  From  Trinity  Bay  he  identified  in  addition  to  the  species 
mentioned  by  Mr.  Billings  JEocystites  sp.,  Agnostus  IcevigatuSy  A.  punctu- 

*  Geological  Survey  of  Canada ;  report  of  progreas  from  ita  commenoement  to  1863.    Montrea],  1883. 
pp.  885-8G7. 

*  Paleoasoio  Fossils,  Tol.  1.    Containing  deeoriptions  and  figures  of  new  or  litUe  known  species  of 
organic  remains  fh>m  the  Silorian  rocks.    1880-1805,  p.  863. 

*  On  some  fimwils  from  the  Primordial  rooks  of  Newfoundland.    Canadian  Naturalist,  new  ser.,  toI. 
6,  1872,  pp.  465-479. 

*On  some  Primordial  fossils  from  southeastom  Newfoundland.  Am.  Jour.  Soi!,  3<1  ser.,  voL  16, 1878f 
p.  226. 

*  On  the  Cambrian  faunas  of  Cape  Breton  and  Newfoundland.  Boy.  Soc.  Canada  Proo.  and  Trans., 
Tol.4,  sec.  4, 1887,  pp.  147-157. 
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08118^  var.,  Agnosti  of  three  other  species,  and  Mierodimms  puneiahUM 
From  Highland  Cove  in  the  same  bay,  Faradoxidei  davidis^  Centro- 
pleura  loveni^  Agnostus  punctuosusj  var.,  A.  bremfrom^  A.  UevigatWf  A. 
acadieusj  var.  declivis. 

In  connection  with  the  stndy  of  the  stratigraphy  of  the  Cambrian 
rocks  of  Newfoundland,  the  writer  described '  a  namber  of  species  firom 
the  lower  or  Olenellns  zone,  and  the  middle  or  Paradoxides  zone. 
From  the  former  there  were  Obolella  atlanticaj  Coleoloidety  n.  gen., 
OoleoUndes  typicaliSy  HyoUthes  terranovicusj  H.  9imil%s^  HeteniOj  n.  gen., 
Helenia  bella^  MicrodUcus  helena^  Olendlus  {M.)  brdggeri,  AvfllaniOj  n. 
gen.,  Avalonia  manuelensig,  Solenapleura  harveyi  and  &  hawlejfL  From 
the  Paradoxides  zone  there  was  described  the  genos  Karlia  and  the 
species  if.  minor,  ^ 

In  1890  Mr.  O.  I).  Walcott^  described  Agraulos  strenuus^  var.  nanUuij 
from  Manuel's  Brook. 

NEW  BRUNSWICK  AND  CAPE  BRETON. 

The  first  description  of  the  Cambrian  fauna  as  fonnd  at  St.  John, 
New  Brunswick,  by  Mr.  C.  Fred.  Hartt^  included  the  following  species: 
JEocystites  prvnwvm  IMIlings,  Lingula  matthetci^  Lingula^  n.  8.,  OboleUa 
traiuiversa^  Discina  dcadica,  Orthis  btllingsiy  OrthiSj  n.  sp.,  Conocq^haliUt 
bailey iy  C.  matthewij  C.  robbi,  C.  orentes^  G.  elegans^  C.  ouangandianusj  C. 
tenet ^  C.  aurora^  C.  thersites,  C.  gemini-apinosusy  C.  hallij  C  guadratuSj  0. 
neglectus,  C.  formosuHj  ConocephaliteSy  n.  sp.  (f),  Microdiscus  dawsoni^ 
AgiwstuH  acadicus^  Agnostus  similis^  Paradoxides  lamellatus. 

It  ai)pears  that  the  IJocystites  primcvvusw^'ds  submitted  tx)  Mr.  Billings, 
to  name  the  genus  and  species,  in  manuscript,  and  was  printed  in  con- 
nection with  Mr.  nartt's  paper.  The  Paradoxides  micmacj  figured  by 
Dr.  Dawson  at  the  close  of  Mr.  Hartt's  paper,  was  named  by  the  latter 
in  manuscript.  The  tigure  is  a  restoration,  and  no  description  accom- 
panies it.  In  the  report  of  Messrs.  Bailey  and  Matlhew*  it  is  stated 
that  Mr.  E.  Billings  identified  from  the  St.  John  group,  in  the  Kenne. 
beciisis  Valley,  fragments  of  Paradoxides  and  the  pygidium  of  an 
Agnostus,  three  species  of  Conocephalites,  one  of  Ellipsocephalns,  one 
of  Agnostus,  what  appeared  to  be  a  fragment  of  Salterella,  and  8]>eci- 
mens  of  Palieophycus  of  two  or  three  kinds.  Among  the  collections 
examined  by  Prof.  J.  F.  Whiteaves  for  Professor  Bailey^  there  is  anew 


■  DoHcriptive  notcH  of  new  genera  and  npocies  from  tho  Lower  Cambrian  or  Olenellus  xone  of  North 
America.    V.  S.  Nat.  Mu«.,  Proc.  vol.  12, 1889,  pp.  ,i;j-46. 

^Dcnt'riptiouH  of  nt^w  genera  and  HpecicH  of  foHHil»  from  tbu  Middle  Cambrian.  U.  S.  Kat.  Mns. 
Proc,  vol.  11,  1889.  pp.  441-446. 

*  The  fauna  of  the  Lowor  Cambrian  or  01en<*llnii  Konn.     10th  Ann.  Kept.  U.  S.  Geol.  Snr.,  18M,  p.<B4. 

^FossiU  of  tho  Primordial  or  Aca<Uan  };roup  at  St.  John.  Dawson,  Acadian  Geolof;y,  1868,  pp.  641- 
«57. 

•Prollminarv  report  on  tho  geidogy  of  Houthern  New  JininHwick.  Geol.  Surv.  Canad.,  Bep.  PioKm 
1870-1871,1872,  p.  140. 

*Kt^port  on  tho  pre-Silnrian  (Haronian)  and  Cambrian  or  Primortlial  Silnrian  Rocks  of  Soothera 
New  Brunswick.    Gool.  Sanr.  Can.  Kop.  ol  Pto^.,  l«T7-'78, 1879,  pp.  30,  31  DD. 
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species  of  Agnosias  and  one  of  Hyolithes  noted  in  association  with 
other  species  described  by  Mr.  Hartt. 

In  the  year  1883  the  first  of  Mr.  G.  F.  Matthew's  ^  memoirs  on  the 
fanua  of  the  St*  John  gronp  made  its  appearance.  In  this  is  given  a 
brief  historical  review  of  the  work  that  had  already  been  done  upon 
the  faona  by  Prof.  Hartt,  and  a  statement  that  from  the  collections  made 
from  time  to  time  daring  the  progress  of  the  Canadian  geological  sur- 
vey in  New  Brnnswick  Mr.  Billings  identified  fragments  of  Ellipso- 
cephalus  and  Salterella  and  the  remains  of  two  species  of  Ilyolithes. 
Besides  these,  there  are  the  supposed  plant  remains  of  the  genera  Palre- 
opbycns,  Eophyton,  etc,  of  the  higher  divisions  of  the  St.  John 
gronp.^  Mr.  Matthew  made  large  collections,  which  were  destroyed  by 
the  great  lire  at  St.  John  in  the.  spring  of  1877.  His  published  studies 
were  based  upon  new  material  collected  subsequently  to  that  date. 

In  the  first  memoir  we  find  that  he  recognized  three  well  defined  spe- 
cies of  Paradoxides  and  six  varieties,  as  follows :  Paradoxides  lamellatus 
Hartt;  P. lamellatus  ywv,  loricattut  Matthew;  P.acadicus  Matthew;  P. 
eteminicua  Matthew;  P.  eteminicusy  vars.  suricoidesy  breviatusy  quacommsy 
maliciiusy  and  pontificalis. 

A  review  by  Mr.  C.  D.  Walcott'  of  the  typical  collections  ui)on  which 
Prof.  G.  F.  Hartt  based  his  species,  led  to  a  revision  of  the  genera  and 
species,  with  the  following  results : 

Liugnla  mattbewi =  Acrothele  matthowi. 

Diseina  acadica =  Pahcaciuea  (f)  acadica. 

Theca  acadica =  Ilyolithes  acadica. 

Agnostns  siiiiilis =  Agnontus  acadicuH. 

MicrodittcuH  pulchelluH. ..  =  Microdiscus  puiictatus  Salter. 
Couocoplialitt^  tnatthewi  :=  Couocoryphe  inatthowi. 

gemini-BpiiiosuH =^  Coiiocorypbe  niattbuwi. 

bailey i =  Conocorypbe  bailey i. 

elegaus =  Conocorypbe  elegauu. 

robbi -  Pty cboparia  robbi. 

fomioHUB =         robbi. 

OQaugondianus =         oiiangoudiana. 

aurora =         onangondiaua  var.  aurora. 

quadrata =         quadrata. 

orcstes =         orostes. 

tborHiteu =         orestes  var.  tbersites.    • 

tener =         teuer. 

neglectu8 =         teuer. 

The  genus  Harttia  and  species,  Harttia  matthewiy  is  proposed  for  a 
small  patelloid  form  of  gasteroijod.  Mr.  Matthew  was  requested  to  give 
names  to  the  new  species,  other  than  the, preceding,  and  he  proposed 
lAngula  f  daicsoni  (p.  15),  Ilyolithes  danianus  (p.  20.),  IlyolWies  micmao 

>  lllnstrations  of  the  fauna  of  the  St.  Johu  gronp.  Itoyal  See.  Canad.,  Pro<3.  aud  Trans.,  vol.  1,  seo.  4, 
1883,  pp.  87-108.    Supplementary  section,  pp.  271-219. 

»Op.  cit.,  p.  89. 

•On  the  Cambrian  faunas  of  North  Ameiica;  preliminary  studies.  U.  S.  Gool.  Surv.  Bull.,  No.  10, 
vol.  2, 1884.  pp.  283-354,  plates. 
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(p.  21),  (kmooarifphe  hk^coM  (p.  30).  The  aabgemui  SaltariiK  vas  jn- 
posed  by  the  aatiior  to  inolade  the  Oamoeej^kaUim  >glfafl^  of  BaflL. 

All  of  the  speeies  were  figured  and  deeeribed,  vith  tbe  eBoesMooer 
OimoeMffphe  tealeottL  This  indaded  figaree  c^  the  theee  ^edei  of 
Paradoxides,  P.  lamdtatus  Hartt,  P.  aflodiow  Matthew,  and  P.  p^tmimitm 
Matthew. 

Some  of  the  results  of  Mr.  O.  F.  MattiiewVi  studies  am  giveii  in  tm 
papers  read  before  the  British  Assooiation  fi>r  the  Adyanoement  of  Sd- 
enoe  at  the  Montreal  meeting  in  18S4.  In  one  he  tefexs  to  the  geokg- 
ical  age  of  the  Acadian  fhnna,  and  correlates  it  with  the  fMma  of  the 
St  John  group  and  tiiat  of  the  Solva  group  of  Wales.  In  the  eeeoid 
is  given  a  description  of  the  development  of  Otm^ocephaluB  mafthewi  and 
other  spedes  of  the  genus  Gonoooryphe.*  . 

In  Mr.  Matthew's  second  memoir  on  the  fiMina  of  the  St.  John  gnmpi' 
presented  to  the  Boyal  Society  of  Canada  in  1884,  additional  nolea  an 
given  of  the  Paradoxid'ea  acadums  and  P.  lamettatu$.  He  proposes  the 
name  Paradovides  micmac  fbr  a  large  spedes,  which  he  thinks  is  pioh. 
ably  the  one  figured  in  Acadian  Geology.^  The  original  spedei  to 
which  Mr.  Hartt  intended  to  apply  the  name  is  unknown.  The  Com- 
oqfhaUtes  mattiiewi  of  Hartt  is  referred  to  the  genus  Otenooephalns  d 
Ck>rda.  A  detailed  description  is  given  of  tiie  species,  and  also  of  the 
various  stages  of  its  growth,  as  found  in  the  St.  John  slfttes.  GtonoeMf- 
phe  baileyiy  0.  elegansj  and  0.  wdlcotH  are  described  and  figured.  Li  the 
description  of  the  plate  *  the  subgeneric  name  Hartella  is  plaeed  aSer 
Oteuocephalus  and  Bailiella  after  Gonocoryphe. 

In  1885  Obolella  transversa  Hartt  was  referred  by  Mr.  O.  D.  Waloott 
to  tbe  new  genus  Linnarssonia,  together  with  the  dosely  allied  *Meoe- 
viau  spocies,  Obolella  sagittalis.^ 

In  a  paper  read  before  the  Natural  History  Society  of  New  Brons- 
wick  in  1885,  Mr.  O.  F.  Matthew  stated^  he  bad  found  some  Pteropods 
that  appeared  to  have  several  distinct  septa  at  tbe  base  of  the  tube. 
He  sent  them  to  Prof.  Hyatt,  wbo  wrote  that  the  aspect  of  the  siphon 
is  due  to  the  compression  of  the  sharper  against  the  flatter  side.  The 
form  of  the  sutures  favors  this  impression.  <<  These  fossils  with  their 
distinct  septa  are  startlingly  similar  to  certain  forms  of  Nautiloidea, 
but  there  is  no  siphon.  They,  however,  confirm  Yon  Jhernig's  and  my 
opinion  that  tbe  Orthoccratites  and  Pteropods  have  had  a  common,  but 
as  yet  undiscovered,  ancestor  in  ancient  times." 


<  Op.  oit..  pp.  81,  32. 

*Tho  Koolofficat  age  of  the  Aoadian  faun*.  Tho  primitivo  Conoooryphean.  British  itnooUtton 
Bep.,  54th  mcetioj:,  1884,  pp.  742-743.  The^eoloKio  ago  of  Acadian  fauoa.  QeoL  Mag.,  new  aer.,  decade 
3,  vol.1, 1884,pp.47(M7l. 

'Illostrationa  of  the  fauna  of  the  St  John  group,  continued ;  on  the  Conocoryphoa,  with  farther  le* 
marks  on  Paradoxides.    Royal  Soo.  Canada,  Trans,  and  Proc,  vol.  2,  sec.  4, 1885,  pp.  99-134. 

«Op.cit.,p.]01.  'Op.  oit.,  p.  124. 

*Paleonto1ogic  Kotes.    Am.  Joar.  Sci.,  8d  ser.,  vol.  29, 1885,  p.  115. 

'An  outline  of  recent  disooTeries  in  the  St  John  group.  Kew  Brunswick  Nat  Hist  Soo.  BiilL,Ho.i, 
1885^  p.  102. 
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Tb«  tliird  Goatribation  by  Mr.  Matthew,'  preeeuted  to  tbe  Boyal  So- 
ciety of  CADtHla  iu  1885,  treats  of  tie  Protosoa,  Hydrozoa,  Bracbiopoda, 
rterox><xlBi|  Gasteropoda,  Fbyllopoda,  Ostniooda,  and  some  of  tbo  Tril- 
obita. 

Of  the  Protozoa,  Archaoeyatkui  t  pawmoidet,  ProtosptmgUtf  minor, 
P.  t  mivar  var.  dittanif  the  new  ^dus  Eocoryne  aad  the  species  Eoeo- 
ryne  geminum  are  desuribed.  Of  Hydrozoa  Dendrograpaxu  f  primordialis 
Protot:;rapsu8,  u.  g.,  witli  the  species  Protoffraptua  alatm.  Buc  oue  spe- 
cies of  tbe  Echiuodermata  is  meniiojiiiil,Ilocsstiteiprinne.vw(  of  Billings. 
Tbu  new  forma  of  Bracbiopoda  are :  Limjul^lla  T  inflata,  L.  liiiguloides, 
Avrotreta  batUyi,  A.  t  gultelmi,  Kutorgina  latourensis,  K.  f  pteriiteotdea, 
Orthh  ([uacoennia.  Of  species  previously  described  TAngulella  dawsoni, 
Jjinnarsaonia  transversa  Haxtt,  Lmnarssonia  misera  Billings,  Aerothele 
mattkeioi  Hartt,  and  Ortkia  bUlingti  Uartt,  are  described  anil  illustrated. 

Among  the  Ptoropods  the  new  subgenus  Canierotliecn  is  i)rot>osed, 
atid  the  8i>ecie8  HyoUtkes  {Gamerotheca) gracilis,  H.  (f.)  danlanns,  and 
//.  (C.)  micmac  are  described  and  illustrated.  The  gonns  Diplotliuoa 
includcti  Diphtlieca  hyattiana  aud  the  variety  oaudata ;  also  UyolUhea 
acaditttm  of  Ilartt,  and  its  varieties,  sericea,  obtusa,  aud  crassa. 

Tbe  GiMteropoda  include  u  Dotice  of  the  geuus  Stonotheca  aud  -the 
demsriptiou  of  tlie  iiew  specieo,  Stenotheca  liicicsiana,  S.  concetitrica,  S.  ra- 
dialn,  if.  naxuta,  and  S.  triangularis.  Tbe  subgenus  Parmopborella  is 
proposed  to  include  the  original  species,  J}iscina  acadica  Hartt  Slcno- 
theca  acadica  and  Jlarttia  mattkeKi  Walcott  are  described  and  illus- 
trated. To  the  Pbyllopoda  (f)  the  new  genus  Lepiditta,  with  the  species 
X.  alata  ami  L.  curta,  and  the  uew  genus  Lepidilla,  with  the  species 
JjcpidiUa  anomala,  are  referred.  Mr.  Matthew  says  that  these  forms 
are  very  minute,  and  belong  either  to  lamellibritnchs  or  Phyllopods. 
The  Ostracod  OrustaceauH  iuclnilu  the  new  genera  lEipponichariou  and 
Beyrichona.  One  species  is  referred  to  the  former  genus,  //.  eos,  aud 
two  to  the  latter,  B,  papilio  aud  B.  tinea.  To  the  geuus  Priuiitia  ho 
refers  one  new  siiecies,  P.  acadica. 

The  Trilobtta  include  the  new  si)ecies  of  Agnostus,  A.  regnlut,  A. 
vartittts,  A.  rir,  A.  rir.  var.  concinua,  A,  tessella,  A.  umbo,  A.  obtitsHobus, 
and  A.  (tcutilobm.  Agnostus  acadiou«  Hartt  is  described  and  figured  aud 
the  variety  decUvis  proposed.  Micfodiaciis  pulchella  Hartt  is  placed  as 
a  variety  of  M.  punctatus  Salter,  and  a  new  variety,  jtrecursor,  is  pro- 
jiosed  to  he  included  midur  puHctatua.  JU.  davsoni  llartt  is  also  described 
and  d^ureil.  Of  the  larger  forms  of  the  Trilobita,  Agraulos  (.*)  arti- 
cephaluH  is  proposed,  Solenopleura  acadica  of  Whiteavus  is  figured  and 
described  for  the  lirst  time,  and  Paradoxidea  abenacus  is  proposed  us  a 
new  species.  A  redescriptioD  of  Paradojidei  micmiic  and  the  proposal 
of  a  variety,  suricus  of  P.  acadicus  concludes  the  references  to  previ- 
ously described  H]>ccie.s. 

■  IlliiAtntloDS  iif  tlin  rani»  <if  Iho  SL  John  i:ii>ap.  «niitinrio<l.  Nn.  111.  DeK.-rliitlniiH  nf  npw  j.'cu'ra 
ua<<]iKk«(lt»:lii<llnt(i>iluM.-ripUoi>cirHnewiiiH-cii>><orS«li-iHi|il.mra)iTJ.F.\VliiUn'<c>«\.  ttnj<^««t.. 
C'u->d%  Tnn>.  vuL  3,  Jwo.  1,  Ues,  )>p.  7»  «.    (Pnw.  toi  18di.) 
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III  ik  -rWioi^M  of  the  faaoa  in  Di^isioa  1  of  the  St.  John  gnap,  Xr. 
M;Att)j^'A^  uoteii  the  occarrence  of  thirty  ^neraf  sixtT-five  speeieA^  and 
t^'^riity  one  rarhrties  of  fossils.  He  states  that  in  a  higher  horiscm  in 
t)j«;  K«'fjit<:lje<:a.siji  Bay  area  he  has  found  the  following  assoeiatioD  of 

Aii'/ft'f'iTiiiisf  np.  A;;iK»«ta«  (cfr.  Natlnmrti.  BKigg). 

I'xiroUflina  7  p»p.  A.  'cfr.  parrifronay  Linis.) 

Aiiorn<i«rar«:  ?  2  Kj*.  A.  noilio. 

}'t yf:ii«tfi;ftria.  2  •!».  A.  aradicn»  Haitt,  var. 

Ai!rafiloiitocia]in  Bill.,  var.  Hynlithes.  sp. 

Mi*  i(H[iftt:iii^  |Miiji:tatu«)  .Salter,  var.f  Liniiarociuuia  traosvena  Haitt,  sp. 

A'^mnUia  iM;utilobaii  (cfr.  j;pbba».i. 

In  some  preliminary  noteii  ou  the  higher  fauna'  he  says  that — 

Th*:  h«;avy  band  of  black  slates  which  ruos  throagh  the  center  of  the  city  of  Saint 
John  ha.H  yieUUul  the  following  Hpecies,  contained  in  calcareooa  nodules : 

CXf'Aio\»yiitt  fe(r.)  sfiectabiliH  Bnlgg.        Kntorgina  (cfr.)  cingolata  BilL 
OrthiH  ^cfr.;  lenticularii*  I>al.  Kntorgina  f 

'Thttnt'.  indicate  a  horizon  in  the  upper  part  of  the  Lingnla  flags. 
A  M:ri<:H  of  Mlates  are  exiK>tM.*d  along  the  north  side  of  the  Kennebeeasis  Basin,  whose 
ffMnil.-i  indicate  that  they  also  x>ertain  tu  the  upper  part  of  the  Cambrian  system : 

Coiioc«;plialitcs,uH])ccie8  with  broad  Kntorgina  (T),  sp. 

fwAi    cheek    and    llaring    geual  Ling^lella  (cfr. )  lepis  Salter. 

Hpine.  Lingalella,  sp. 

I'tychoparia,  a  small  species.  Eophyton  linnsannm  TorrelU  vaTt 

A;;iioHtus  (cfr.)piHifurmis  Ang.  Eophy tera,  sp. 

A.  (cfr.)  richinoudcnhis  Wal.  Arthraria,  sp. 

In  a  note  to  the  American  Journal  of  Science  Mr.  Matthew^  states 
t1i:it  li(i  has  found  <)lenellu«  (.')  hjcrulfi  in  the  Kennebeeasis  River 
\\',\s\\\  in  band  c  and  d  of  liis  Division  1;  and  that  the  same  species  occurs 
in  tilt*.  (Jiunhrian  be<ls  of  Newfoundland.  Upon  this  reported  discovery 
Mr.  S.  W.  i^'onP  endeavored  to  show  that  as  the  species  was  found  at 
the  base  of  the  St.  John  Paradoxides  beds  and  at  the  base  of  the  Swed- 
isli  l*ara(h)xi<les  be<ls  it  was  a  true  Paradoxides,  and  therefore  did  not 
influence  the  (luestion  of  the  stratigraphical  position  of  the  Oleuellus 
fauna  in  North  America. 

I  n  an  a])stract  of  a  paper  on  the  Cambrian  faunas  of  Cape  Breton  and 
Newfoundland  in  the  Canadian  Kecord  of  Science,  vol.  2, 188C,  pp.  255- 
LTiS,  that  prec(Ml(Ml  the  main  report  in  the  Royal  Society  of  Canada 
Transactions,*'  Mr.  (i.  F.  Matthew  points  out  that  the  slates  of  Mira 
lviv(»r,  (3ape  i>relon,  contain  several  species  of  trilobites,  w^hich  show 
that  these*  measures  are  in  the  upper  part  of  the  Olenuszoneor  Liugula 
lia;;s  of  (Ireat  Hritain.     The  species  ob^ovwQdvfQv^  Peltura  scaraheoiden 


I  SviiopMiH  of  tlin  riiMTiii  in  DiviHioii  1  of  th(^  St.  John  ^roiip,  with  preliminary  uotos  on  the  higher 
fiiiinuH  of  Ihi'  Miitiir  |;roii]).     Now  Jli  iinswick.  Nat.  Ili.st.  Sue,  Bull.  5.  1886,  pp.  25-^n. 
M»p.  «il..  p. 'Jl*.  3()p  jjit.^p.  30. 

*  Nnti«  on  ihf  oc«  urn-in'o  of  Olnhflus  (/>  kirrul/i  in  Aniorica.    Am.  Jour.  Soi.,  3(1 8or.,  vol.  31, 1880,  p.  472. 

*  Not.'  on  I  In-  ii;;t»  of  thn  Swi'ilish  rju.ulo,\icl«'s  IkhIh.     Am.  .lour,  Sci.,  3»i  nor.,  vol.32, 188tf, pp.  473-476. 
•-On  till-  (':iiMl>i-i:in  fauuiis  of  Cape  Ihotuu  uiid  JMuwlouudlaud.    Jvoyul  Soc.  Canada,  Proo.  and  Tran*., 

vol.  4.  Sor.  I,  IHhT,  pp.  147  1J7. 
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Wahl.,  Splusraphthalmus  alatuSj  and  Agnostus  pmformis.  There  was 
also  a  small  Lingulella  similar  to  that  which  characterizes  tlie  upper 
flags  of  the  l^t.  John  gronp,  and  an  Orthis  similar  to  Orthia  lenticularis 
of  Dalman. 

In  discussing  the  evidence  afforded  by  the  smaller-eyed  trilobites  of 
Division  1  of  the  St.  John  group,  Mr.  G.  F.  Matthew*  speaks  of  their 
bearing  on  the  origin  of  the  Cambrian  fauna.  He  also  gives  a  list  of 
fossils  known  to  him  at  that  date  from  Division  1  of  the  St.  John  series. 
The  total  is  thirty  genera,  sixty-five  species,  and  twenty-one  varieties, 
the  same  as  in  the  paper  previously  mentioned  in  the  synopsis  of  the 
fauna  of  the  St.  John  group.'  Mention  is  made  by  Mr.  Matthew  of  ad. 
ditional  species  from  the  St.  John  grouj)  in  1889.^  In  the  measure-s  on 
the  St  John  Biver  corresponding  to  those  of  Band  B  in  Division  1  of 
the  St.  John  Basin,  a  calcareous  organism  that  may  be  referred  to  Old- 
hamia  has  been  found.  It  resembles  0.  antiqua^  but  branches  less  freely. 
In  the  same  sandstone  occurs  an  elegantly  ornamented  Lingulella  (?)  of 
peculiar  form.  Mr.  Matthew  compares  it  with  lAngula  f  favosa  of  the 
Eophyton  sandstones  of  Sweden.  In  Division  2  of  the  St.  John  gi*oup 
were  found  several  genera  of  seaweeds,  among  which  are  two  graceful 
species  related  to  Taonnrus  or  Spirophy ton ;  also  fragments  of  bodies 
of  a  small  crustacean  that  is  probably  a  Hymenocaris.  In  a  paper  pub- 
lished soon  after  on  the  ^^Olassificatiou  of  the  Cambrian  Eocks  of  Aca- 
dia," Mr.  Matthews  states^  that  the  Lower  Potsdam  of  Billings,  or 
Geor^au  of  Mr.  Walcott,  is  found  in  the  island  of  Cape  Breton,  where 
the  fossils  are  Bathynrus  (sub-genus  T),  Orthisiua,  Orthis,  and  IlyolitJies 
princeps.  Remarks  upon  the  affinities  of  the  characteristic  genera  of 
the  Georgian  and  other  portions  of  the  Cambrian  fauna  occur  in  this  ' 
paper. 

Mr.  Matthew  presented  Part  rv  of  his  illustrations  of  the  fauna  of 
the  St.  John  group  to  the  Koyal  Society  of  Canada  in  1887.^  The 
first  species  described  is  the  great  Paradoxides  regina^  one  of  the 
largest  trilobites  yet  discovered  in  the  Cambrian  rocks.  This  is 
followed  by  a  description  of  "The  smaller  trilobites  with  eyes."  An 
undetermined  species  is  referred  to  the  genus  Ellipsocephalus,  and 
AgrauloH?  whitfieldianus  is  described  with  its  variety  compressa.  The 
subgenus  Streuuella  is  proposed,  with  the  species  Screnuella  f  halliana 
iisi  its  type.  A  discussion  of  the  genus  Liostracus  of  Angelin  is 
followed  by  descriptions  of  Liostracus  tener  Hartt,  L.  ouangondianu^i 
Hartt,  and    varieties  immairginaia^  aurora^   gibba^  and  plana,  and  a 


1  Illustrations  of  Cho  fauna  of  the  St.  John  f^roup,  No.  IV.  Pt.1:  Description  of  a  new  species  of 
Paradoxides  (ParadoxitUs  reyina).  Part  2 :  The  smaller  trilobites  with  eyes  (Ptychoparithe  ami  Ellip- 
soceplialidaB).    Iloyal  Soc.  Canada  Trans.,  vol.  r>,  sec.  4, 1888,  pp.  11&-1G6. 

*  Illustrations  of  the  fauna  of  the  St.  John  Gronp.    Canadian  Kec.  Sci.  vol  2.  1887,  p.  3C1. 

*  On  the  basal  series  of  Cambrian  rocks  in  Acadia.    Canadian  Keeord  Science,  vol.  3, 1888,  pp.  28, 29. 
«  Canadian  liec.  Sci.,  vol.  a,  1888,  p.  74. 

■  lUustratations  of  the  fauna  of  the  St  John  Kronp,  No.  IV.  Pt  1.  Description  of  a  new  species  of 
Paradoxides  (Paradoxides  regina).  Pt.  2.  The  smaller  trilobites  with  eyes  (Ptyohoparid»  and  Ellipao- 
cephalide).    Koyal  Soc.  Canada,  Trana.,  voL  5,  sec.  4,  1888,  pp.  115-166. 
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notice  of  ibe  development  of  fhe  yoang  of  {his  speeies.  Under .  Pi;- 
choparia,  LioBiraaus  UK9Mra$oni  Brdgger  is  identifted  Aom  the  ^ 
John  series.  For  the  narrow  form  he  proposes  the  variety  olota^  and 
this  is  followed  by  a  description  of  the  development  of  the  yoaajg.  To 
the  genns  Solenoplenra  of  Angelin  he  tet&r^  the  GoMMgiikaKfei  robbi  of 
Hartt)  and  gives  a  description  of  the  development  of.  the  yonng  as  ft? 
as  known  to  him.  A  more  extended  description  of  Solenaplmra  acadiea 
of  Whiteaves  is  giveiPi  and  the  variety  elongaia  propoiM. 

In  the  seoond  paper  tqr  Mr.  Matthews  on  the  dassiflcatfam  of  the 
Oambrian  rocks  in  Acadia*  the  species  OboluB  puUhmr  is  described 
from  the  base  of  Band  B  of  division  1  of  the  St.  John  groap.  In  the 
middle  of  the  band  Mr.  Matthews  recognised  an  Agranlos  and  at  the 
base  an  EUipsocephalns.  This  paper  also  contains  a  disonssion  of  the 
Olenellos  fonna  as  fonnd  in  Nevada.  In  a  paper  read  later  in  1889, 
entitled  "  On  the  Cambrian  Organisms  in  Acadi%'^  Mr.  Matthew  states 
that  he  has  fonnd  in  this  lower  series  beneath  the  Paridoxides  aone  a 
species  that  recalls  Fueaides  oireinnatus  (p.  384),  the  Obolns  which  was* 
described  later,  and  nndoabted  examples  of  Platysolenltes  of  Pander. 
In  mentioning  the  fitana  and  flora  of  the  Paradoxides  beds,  he  says  the 
basket  sponges  knd  the  rod-like  sponges  (f )  are  common  to  both  this  and 
Series  B.  In  all  the  fine  layers  of  this  band  species  of  Protospongida 
may  be  fonnd,  bnt  no  examples  of  the  typical  Piotospongia  of  the  Par- 
adoxides beds  have  been  observed.  A  new  species  of  Obolns  and  three 
species  of  Lingnlella  are  mentioned  as  being  described  in  the  paper,  and 
the  AlgsB  are  represented  by  several  different  types,  among  which  aro 
a  Bathotrepbis  and  a  microscopic  form  parasitic  on  the  latter  organism. 
There  are  also  some  quite  small  oval  forms,  resembling  Hydrocystinm, 
which  may  have  been  algoid.  Among  the  new  species  of  the  Paradox- 
ides beds  is  a  little  Platyceras.  He  says  that  Paradoxides  pontificalis  is 
found  to  be  a  narrow,  and  P.  micmac  a  broad  form  of  Paradoxides  hicksi 
of  Wales  (p.  385).  From  stage  2,  the  Olenus  beds,  he  reports  abun- 
dant remains  of  a  largo  Protospongia,  including  Protospongiafenestrata 
of  Salter,  and  P.  (f )  major  of  Hicks,  and  another  large  species.  Prom 
the  fossils  which  appear  to  have  been  placed  in  the  npper  part  of  divi- 
sion 2  are  some  that  have  been  found  in  Kennebecasis  Basin  of  the 
Cambrian  rocks.  These  are  Leptoplasti,  allied  to  L,  stenotus  of  Ang- 
elin, Agnostus  pisiformisj  var.  and  Agnostus  nathorstij  var.  From 
division  or  stage  3,  the  Peltura  beds,  he  mentions  two  species,  Cteno- 
pyge  (cf.  0.  flagillifer  and  0.  speGtnhilis)^  Orthis  lentio^ilaris^  and  a  Kn- 
torglna.  At  the  bottom  of  the  division  Lingulella  lepis  and  another 
large  species,  L.  ampUiy  var.f  are  found.  These  beds  are  correlated  with 
beds  of  Cape  Breton  containing  species  of  Peltura,  etc.  (p.  386). 

In  a  paper  by  Mr.  Matthew,  entitled  "  How  is  the  Oambrian  divided  1 

I  Caiuuliftii  Record  Scionoe,  toL  8, 1889.  pp.  303-315.  *  Ibid. ,  pp.  383-387. 
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A  plea  for  the  classification  of  Salter  and  Hicks,"  ^  a  comparison  of  the 
genera  of  the  diflferent  horizons  of  the  Gambrian  is  made. 

In  the  fnll  paper  on  the  Gambrian  organisms  of  Acadia,  published  in 
1890,  Mr.  Matthew  describes  the  stratigraphic  xK>sition  of  the  fauna  that 
he  considers  beneath  the  Paradoxides  beds,  and  compares  it  with  the 
lower  Gambrian  fauna  of  Sweden  and  Bnssia.  The  new  genera  and 
species  described  are:' 

Phycoidella,  n.  g.,  p.  144. 
Phycoidella  stiohidifeia  n.  sp.,  p.  144. 
Palseoohorda  setaoea  n.  Bp.,  p.  145. 
Hydrocytinm  (T)  silicula  n.  sp.,  p.  146. 
Miorophyons  n.  g.,  p.  146. 
Miciophyoas  oatenatns  n.  sp.,  p.  146. 
Monadites  n.  g.,  p.  147. 
Mooadites  globnlosna  n.  sp.,  p.  147. 
Monaditos  pyriformis  n.  sp.,  p.  147. 
Monadites  nroelformis  n.  sp.,  p.  147. 
Radiolaritea  n.  g.,  p.  148. 
Radiolarites  ovalis  u.  sp.,  p.  148. 
Flocoecyphia  (?)  perantiqua  n.  sp.,  p.  148. 
Afltrocladia  (T)  elongata  n.  sp.,  p.  148. 
Aatrocladia  (f )  elegans  n.  np.,  p.  149. 
Astrocladia  (T)  virgnloides  n.  sp.^  p.  149. 
Dichoploctella  n.  g.,  p.  149. 
Dichoplectella  irregnlaris  u.  Hp.,  p.  149. 
Hyalostelia  minima  n.  bj>.,  p.  150. 
OboIuH  (?)  major  n.  sp.,  p.  15(>. 
Lingulella  martinenslB  n.  sp.,  p.  155. 
Lopenlitia  vontricosa  n.  ap.,  p.  159. 
Leperditia  stoadi  u.  sp.,  p.  160. 

He  also  describes  and  illustrates : 

Bathotropliis  antiqiia  Brongn.,  p.  144. 
Platysolenitos  aatiqiiissimns  Eioliw.,  p.  150. 
OboliiH  pnlcher  Matth.,  p.  151. 
Volborthella  toniiiH  Schmidt,  p.  156. 
PnammicbniteH  gigaH  Torroll,  p.  157. 
Arenicolites  lyelli  Torrell,  var.  minor,  p.  159. 

In  a  note  at  the  close  of  the  descriptions  it  is  stated  that  he  has 
learned  that  a  suggestion  made  by  him  in  reference  to  Olenellus  hjerulfi 
baa  met  with  acceptance  from  a  number  of  naturalists  and  the  generic 
name  Uolmia  is  proposed  for  Olenellus  kjerulfi?  Mention  is  made  of  the 
relations  of  the  genera  Olenellus,  Olenoides,  and  Mesouacis. 

In  his  fifth  contribution  to  the  illustrations  of  the  fauna  of  the  St. 
Jolin  group  Mr.  G.  F.  Matthew  describes  the  following  new  genera  and 
species:*  Platycerm  aperta,  n.  sp.,  p.  132,  Agraulos  (f)  holocephalus,  n. 
sp.,  p.  138,  Medmichnites,  n.  gen.,  p.  143,  with  live  varieties,  lAnyu- 


•  Am. GtK>logiHt  vol.  4, 1889,  pp.  130-148. 

'  On  (yanihnaa  Orj^aniHrnn  in  Acadia,    lloyid  Soc  Canada,  TnuiB.,  vol.  7, 1890, 8ec.  4,  pp.  135-182. 
•Op.rlt.p.  160. 

*  Illn.strations  of  tho  fauna  of  the  St.  John  KToup  No.  V.    Roy.  Soc.  of  Canada,  Trans.,  vol.  8, 1891, 
pp.  130-166.  pla.  11-16. 
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lella  fttarrij  n.  sp.,  p.  14G,  LingnleJla  raduloj  n.  sp.y  p.  147,  JfOidkntltt, 
]i.  i;cii.,  p.  148,  Cteniehnites^  ii.  gen.,  p.  15L,  Ctenichnites  ingensy  n.  sp., 
I».  151,  Frwna  ramosa^  n.  8p.,  p.  159,  ArenicoUtes  brevi9j  n.  sp.,  p.  159, 
Ooniadichniies^  n.  gen.,  p.  KM),  Goniadichnites  trichi/onnis,  d.  sp.,  p.  160, 
Monocrnterion  magnificunij  u.  sp.,  p.  161. 

In  addition  to  the  preceding  Mr.  Matthew  has  remarked  npon  several 
genera  and  species  that  have  l)een  previously  described  from  the  Cam- 
brian ro(*.kH.  They  include:  Eocoryne  getninum  Matt., p.  130,  Lepidilla 
anomalaj  Matt.,  p.  130,  Ortliis  and  Orthisiua,  p.  131,  Stenotheca  Salter,  p. 
132,  ASt4iru)iheca  cofwentrica^  Matt.,  p.  133,  var.  radiata  Matt.,  p.  133, 
Stenolheca  triangularis  Matt.,  ]).  134.  In  his  remarks  npon  the  genus 
Stenothcca  he  concludes  tliat  the  type  species  is  not  a  mollascan  shell, 
but  should  be  referred  to  a  Phylloi>od  crustacean.  This  includes  the 
t3^pical  form,  but  does  not  include  Biscina  acoAica^  of  Hartt,  as  the  latter 
is  a  patclloid  gasteropod.  Conocoryphe  icalcotti  Matt.,  p.  134,  Cancary- 
phe  hailcyi  Hartt,  p.  135,  Para^doxides  lamellatus  Hartt,  p.  135,  Paradox- 
ides  micmacy  var.,  pontificalis  Matt.,  p.  ISOjAgraulos  (f)  whitfieldianw 
Matt.,  p.  138,  Agraulos  socialis  Bill.,  p.  138,  Medusites princeps  Torrell,  p. 
140,  Medusites  radiata  iNathorst,  p.  141,  Medusites  costata,  p.  142,  Hoick' 
nites  Unnwanus  Torrell,  p.  148,  Psammichnites  Torrell,  p.  157,  JFVmia, 
llonalt,  p.  158,  Monocraterion  Torrell,  p.  IGO,  Monocraterion  tentaculatumj 
p.  IGl,  Uistioderma  hibemicunij  p.  1G2. 

EASTRRN  MASSAC1IU8BTTS. 

The  first  description  of  a  fossil  from  the  Cambrian  rocks  of  eastern 
Massar.husetts  is  that  of  Paradoxides  liarlanij  by  Dr.  Jacob  Green,'  from 
specimens  sent  to  him  by  Dr.  Richard  Harlan,  who  supposed  they  came 
from  Trenton  Falls,  in  the  State  of  New  York.  It  was  not  until  1856* 
that  the  true  horizon  from  which  the  specimens  came  was  discovered. 
In  making  the  announcement  of  the  discovery  Prof.  Rogers  quoted 
from  IJarrandc  on  the  distribution  of  the  genus  Paradoxides,  and  stated 
that  he  considered  the  specimens  from  Braintree,  10  miles  south  of 
Boston,  to  be  identical  with  the  Paradoxides  harlani  described  by  Gre^n 
in  38.'W.  He  says  the  fossils  in  the  Braintree  quarry  are  in  the  form  of 
casts,  some  of  them  of  great  size  and  lying  in  various  levels  in  the 
strata,  and  that  tis  far  as  he  could  observe  they  all  belong  to  one  8i>e- 
cies  and  agree  more  closely  with  Barrande's  Paradoxides  spinosus  than 
with  an3'  other  form  known  to  him.  A  fine  figure  of  Paradoxides  har- 
lani was  published  by  Prof.  Rogers,^  in  his  final  report  of  the  gex)logical 
survey  of  Pennsylvania,  under  the  name  of  P.  spitiosus. 

Mods.  J.  Barrande,  in  referring  to  the  discovery  of  Paradoxides  in 
th(j  slates  of  Braintree,*  institutes  a  comparison  of  the  specimens  from 


'  DcHrriptioiiH  ofHOitie  dow  North  Aiucncan  trilobit«H.    Am.  Jour.  Sci.,  vol.  25, 1834,  p.  336. 
'  ProofH  of  tlio  I*rutozuic  a^o  of  hoiiio  of  the  alU-riMl  rorkH  of  ea<«tem  Masuachusetta,  from  fossild 
ron-iitly  ilirtCovi-nMl.     Am.  Ac:ul.  I*roc.,  vol.  o,  185f»,  i»i>.  .'115  518. 
■Tho  <  Jo<»Io;iy  of  IViiiiHylvauia,  JMiilailolphia,  18.'.H,  vol.  2,  p.  K16. 
*  TrJlubiU*ii  dor  Primordial- fauua  iu  MaaiiachuaotU.    Noues  Jabrb.  for  1860,  pp.  420-431. 
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there  and  Paradaxides  tpinosus  from  Bohemia,  and  concludes  that  P. 
harlani  is  a  synonym  for  P.  spinosus. 

In  1861  Prof.  Jackson'  exhibited  a  small  trilobite  from  Braintree  of 
the  species  Paradoxides  harlanij  stating  that  it  seemed  identical  with 
forms  from  Newfoundland  described  as  Paradoxides  bennetti  from  St. 
Mary's  Bay.  In  a  foot-note  accompanying  a  paper  on  the  geology  of 
the  vicinity  of  Boston,  by  Dr.  T.  S.  Hnnt,'  the  writer  says: 

Mr.  Billings  informs  ma  that  ha  ragsrds  tha  Paradoxides  henneitii  (Salter)  from 
Newfoundland  as  identical  with  tha  Paradaxidei  harlani  (Qreen)  from  Braintree. 

A  number  of  collectors  obtained  specimens  of  Paradoxides  harlani 
from  the  Braintree  beds,  but  it  was  not  until  1861  that  a  notice  of  other 
species  appeared.  Mr.  Albert  Ordway  ^  stated  at  a  meeting  of  the  Bos- 
ton Society  of  Natural  History  that  he  had  found  a  fragment  of  a  trilo- 
bite which  he  referred  to  the  genus  Ellipsocephalus.  He  also  reported 
finding  a  distinct'  fucoidal  impression  which  shows  three  branches,  each 
about  4  inches  long,  but  not  sufficiently  well  marked  to  afford  any  evi. 
deuce  as  to  its  nature.  Mr.  Ordway  i^so  published  a  figure  of  a  head 
of  Paradoxides  harlani  when  comparing  that  species  with  Paradoxides 
spinosusj  Boeck.|  considered  by  Barrande  identical  with  P.  harlani,* 

In  his  notes  on  the  geology  of  eastern  Massachusetts  Mr.  W.  W. 
Dodge  ^  reviews  the  then  existing  information  in  relation  to  the  fauna 
of  the  Paradoxides  zone  of  Braintree — the  Braintree  slates— mentioning 
Paradoxides  harlani  and  a  few  obscure  traces  of  fossils  found  at  that  lo. 
cality.  A  general  description  of  the  Cambrian  fauna  of  Wales  is  given 
in  this  connection. 

The  second  described  species  from  the  Paradoxides  beds  of  Braintree 
is  Arionellus  quadrangularis  by  Prof.  R.  P.  Whitfield.^  This  is  probably 
the  species  of  Ellipsocephalus  referred  to  by  Mr.  Ordway. 

A  review  of  the  fauna  of  the  Braintree  argillites  by  Mr.  C.  D.  Wal- 
cotf  included  a  mention  of  the  species  previously  described,  and  a  de- 
scription of  a  new  Pteropod,  Ilyolithes  shaleri^  and  a  new  species  of 
trilobite,  Ptyclioparia  rogersi.  The  species  described  by  Prof.  Whit- 
field as  Arionellus  quadrangularis  was  referred  to  the  genus  Agraulos. 

Under  the  title  of  "  Preliminary  descriptions  of  North  Attleborough 
fossils"  Messrs.  N.  S.  Shaler  and  A.  F.  Foerste^  made  the  most  impor- 
tant contribution  to  the  Cambrian  fauna  of  Massachusetts  since  the 
discovery  of  Paradoxides  harlani.    They  identified  the  fauna  as  that 


I  [On  a  trilobite  from  Braintree.]    BiNiton  Soc  Nat  Hist..  voL  8, 1801,  p.  58. 

*  Boflton  Soo.  Nat.  Hist.  Proc.,  voL  14. 1871,  p.  48. 

*  On  tlie  occurrence  of  other  foeail  forms  at  Braintree,  Maas.    Boston  Soc.  Nat  Hist  Froc.,  vol.  8, 
1861,  p)>.  5. 6. 

*Op.cit,  p.  3. 

*NottNti  on  the  geology  of  eastern  Massaehnsetts.    Boston  Soo.  Nat  Hist  Proc,  vol.  17,  ISTfi,  pp. 
405-407. 

*  Notice  of  some  new  species  of  Primordial  fossils  in  the  collections  of  tlin  Museum,  and  correction 
of  previously  deHorilied  species.    Am.  Mns.  Nat.  Hist,  Bull.,  vol.  1, 1884,  p.  147. 

'On  the  Cambrian  Faunas  of  North  America;  preliminary  studies.    U. 8. Geol. Snrv. Bull. No.  10^ 
vol.  2, 1884,  pp.  323-329.    Separately  paged,  pp.  43-49. 
•Bull.  lius.  Comp.  ZooL,  Harv.  College,  vol.  18,  1888,  pp. 27-39. 
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of  the  Olenellos  sone,  as  ftand  in  the  vichllty  of  Tngr,  Hew  Totk.    She 
species  described  are : 


Obol^lla  camtk,  tw*  *  H*  eommanis  var. 

OboIeUft(f)       .  '  H. aBwriemii^    * 

FoidlUft  tn^ywufab  Aprinesya' 

LuiieUflMeMMh(f)  H.billiB9ri. 

Soenella  rrtioQlAtft.  HyaUtibMUns  nleaM» 

Stenotheearogosa,  tat.  panpom.  fialtoreUfteiirTKtaik     . 

S.  micoMi  Tsr.  sbnipte.  ArieUwoS. 

8.  onrvlroctnu  Mcrodioem  MlteiKfUataiL 

PlatjoeEM  prinuBTiMii.  ILlolMiliia. 

Planrotonwrift  (Baphistonui)  atil*-  ParidozideB  wslootlL 

boreniia.  PtyobopMi*  maorooAioiik 

HyolithM  qvsdrieottetns.  Ptyehopsris  aAflebomiria. 

Of  these,  two  genera— Flearotomaria  and  Paiiadozides--liave  not 
heretofore  been  fonnd  in  a  strongly  marked  Olendlns  aone  fluina.  A 
comparison  of  ParadMPide$  wahotH  with  specimens  of  OleiMm  aas- 
phaides  fcom  Troy,  Kew  York,  of  the  same  sise,  show  them  to  be  gmsfi- 
cally,  if  not  speciflcaUyy  identicaL  This  removes  Paradoxidai  ftom  llie 
Olenellos  fimna. 

Under  the  view  that  the  Olmellns  fSAuna  preceded  the  ParadozidflS 
fauna  Prof.  Shaler^  speaks  of  Paradoxidea  waieatU  as  the  sorviviDg 
member  of  the  series,  and  says  the  occnrrence  of  the  genos  indicates 
close  affinities  with  the  Braintree  Oambrian  horizon.  He  madeoaraftd 
search  for  indications  of  the  stratigraphic  relations  of  the  North  Attle- 
borongh  and  Braintree  section  but  without  success.  In  mentioning  the 
Brainfree  locality  it  is  stated  that  a  number  of  d  istinct  remains  occur 
near  the  Neponset  Biver.  and  the  beds  have  much  the  same  aspect  and 
are  apparently  about  the  same  distance  from  the  syenites  as  those  at 
Braintree.* 

A  notice  and  description  of  the  fauna  found  at  North  Attleborough 
from  the  Olenellns  horizon,  was  followed  in  1889  ^  by  the  announcement 
of  the  discovery  of  Hyolithes  in  limestone  near  East  Point,  Nahant 
Mr.  Foerste  correlates  the  limestone  and  associated  shales  with  those 
of  North  Attleborough,  and  states  that  the  species  of  Hyolithes  appears 
to  be  the  same  as  that  fonnd  at  North  Attleborough.  He  proposes  the 
name  of  Hyolithes  inwquilaferalis.  From  a  study  of  the  type  specimenii 
the  writer  believes  it  to  be  identical  with  S.  communis  var.  emmansi. 

As  now  known,  the  entire  Cambrian  fauna  from  eastern  Massachu- 
setts includes  from  the  Paradoxides  or  Middle  Gambrjan  zone  four 
genera  and  four  species,  and  from  the  Olenellus  or  Lower  Oambrian 
zone,  twelve  genera  and  nineteen  species. 


>  On  the  geology  of  the  Cambrian  diatriet  of  Bristol  Ck>nnty,  Maaaaohnaetta.    BnIL  Maa.  Comp.  ZooL, 
Harv.  College,  voL  16,  1888,  p.  21. 

*0p.  cit.,  p.23. 

*  Foerate,  A.  F.    The  paleontolo^cal  horiaon  of  the  Umeatone  at  Nahant,  MaaBaoboaetta. 
Soo.  Nat  Hiat,  Proo.,  toL  24»  1889,  pp.  261-263. 
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APPALACHIAN  PROVINCE. 

The  Appalachian  Province  includes  the  ontcrops  of  Cambrian  strata 
on  the  line  of  the  Appalachian  system  of  mountains,  from  the  lower 
St.  Lawrence  Valley  on  the  north,  to  Georgia  and  Alabama  on  the 
south. 

For  the  purpose  of  presenting  the  historical  data  the  province  will 
be  divided  as  follows : 

A.  Northern  Appalachian  district. 

B.  Sonthern  Appalachian  district. 

NOKTilKRN  APPALACHIAN  DISTRICT. 

ff 

The  northern  Appalachian  district  includes  the  Hudson  River  and 
Lake  Champlain  area  east  of  the  river  and  lake  and  an  extension 
northeastward  into  Canada,  as  far  as  the  vicinity  of  Gape  Hosier  on 
the  St.  Lawrence  River. 

The  Hudson  River  and  Lake  Champlain  area  will  first  be  considered. 
It  includes  the  strata  referred  to  the  Cambrian,  found  on  the  western 
slope  of  the  Green  Mountains,  the  foothills  and  the  more  level  country 
stretching  westward  toward  the  Hudson  River  and  Lake  Champlain. 

The  earliest  reference  in  the  literature  to  a  distinct  formation  that  is 
now  referred  to  the  Cambrian  is  found  in  a  description  of  tlie  geology 
of  western  Massachusetts  and  eastern  New  York.  On  this  account  this 
formation,  the  "Granular  Quartz,"  will  be  treated  historically  as  it 
lias  been  mentioned  by  authors  in  Massachusetts,  New  York,  and  Ver- 
mont, until  the  year  1861,  when  its  history  will  be  carried  forward  with 
that  of  the  "Red  Sandrock"  and  the  "Georgia  Slates,"  with  which 
it  was  then  correlated. 

QBAMULAR  QUARTZ. 

The  first  differentiation  of  a  formation  referred  to  the  Lower  Cam- 
bri*an  in  America  was  made  by  Prof.  Amos  Eaton  in  1818.^  Prior  to 
that  time  Mr.  William  Maclure,  the  pioneer  of  systematic  geology  in 
America,  published  a  map  with  descriptions  of  the  rocks  of  the  Eastern 
United  States,  in  which  all  the  strata  now  referred  to  the  Cambrian 
system  in  the  Appalachian  range  were  included  in  the  Transition  series. 
On  his  first  map  ^  the  Transition  rocks  are  represented  as  extending 
from  Hudson,  in  the  valley  of  the  Hudson,  south  to  the  vicinity  of 
Ponghkeepsie,  and  thence  southwest  throughout  New  York,  New  Jersey, 
Pennsylvania,  Virginia,  eastern  Tennessee,  northern  Georgia,  and 
into  Mississippi.     On  the  map  accompanying  a  later  work^  the  Transi- 


'  An  iml«^x  U\  tlu»  ji«u»lo;;y  oftho  Nortliorii  Statort,  with  atrniiHVorao  section  from  CafHkill  Mountain 
to  th««  Atlantic.     L<Mr«'Mt«'r,  181S,  pp.  52. 

"OlmtTvationH  on  the  }:«*olt(gy  of  th«*  Unit<5<l  Slates  explanatory  of  a  geolo;;ical  map.  Am.  Phil.  Soc. 
Tians.,  vol.  6, 180l>,  pp.  41 1-428,  map. 

^OhHorvationn  of  th«^  myology  of  the  United  Statin;  with  remarks  on  tho  probable  ctl'eo.ts  that  may 
be  produced  by  the  dtH'ompoHitiou  oftho  ditrerent  clasHea  of  rockh  on  tho  nature  and  fertility  of  soils. 
With  a  map  and  two  plates.    Am.  Phil.  Soc.  Trans.,  new  a«r.,"Vol.l,\%n»  VV«^-^^- 
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tion  rooks  are  extended  north  into  the  valley  of  Lake  Chaniplain  as  fiu 
a.s  the  Canadian  border.  On  tlie  sonth  the}'  terniiuate  in  Georgia  a 
short  distance  soath  of  the  Tenne.s.see  line.  ^ 

In  his  first  publication  on  the  rocks  between  the  Catskill  MonntainB 
west  of  the  Hadson  River  and  the  Atlantic  Ocean,  Prof.  Amofi  Eaton* 
separateil  the  "Granular  Limestone  and  Qaartz"*  as  Xo.  2  of  the  sec- 
tion, and  an  argillaceons  and  siliceons  slate  as  No.  9,  givin^^  the  locali- 
ties at  which  they  occnr.  Two  years  later  this  classification  was  re- 
viewed^ and  the  "  Granular  Quartz  *"  dropped  out  of  the  nomenclature, 
only  to  reappear  again  with  a  very  accurate  description  of  the  forma- 
tion as  it  occurs  in  Vermont.^  It  is  interesting  to  note  in  this  publica- 
tion, that  the  "  Granular  Limerock  ^  is  mentioned  as  accompanying  the 
"  Transition  Granular  Quartz  "  from  Whitehall  on  Lake  Champlain,  to 
Baniegat  on  the  Hudson.  Up  to  this  time  Prof.  Eaton  appears  to  have 
regarded  the  terms  "  Granular  Quartz  ^  and  the  "  Granular  Limerock  " 
as  interchangeable.  In  the  classification  of  1824.'  however,  the  '"Gran- 
ular Quartz  "  is  separated  from  the  '^  Granular  Limerock  ^  and  fully 
described.  The  "  Transition  Argillite  "  and  the  "  Primitive  Argillite'' 
are  also  defined,  and  some  of  the  localities  given  are  now  known  as 
Io(;alities  of  Lower  Cambrian  slates.  The  geologic  profile  accompany- 
ing the  memoir  of  1824  exhibits  the  difierentiation  made  by  Prof.  Eaton 
in  the  classification  of  the  rocks  between  the  primitive  granite  and  the 
secondary. 

In  the  geologic  nomenclature  of  to-day  the  "Granular  Quartz"  is 
included  in  the  Lower  Cambrian,  and  tlie  <' Granular  Limerock*^  equals 
the  Trenton-Chazy-Calciferous  limestone.  The  '•  Primitive  ArgilUtes" 
of  Williamstown  Mountain  equal  the  I'pper  Hudson  or  Lorraine 
shales.  The  "Transition  Argillite"*  is  nearly  all  Cambrian,  with  the 
exception  of  a  small  portion  near  the  Hudson  River.  The  Caleiferous 
saiidnx-k  is  of  the  .same  a;re  as  the  '*  Transition  Ar;rillite.''  The  Gniv- 
wacke  of  Peterl)orough  Mountain,  and  the  Metalliferous  limerock  is 
of  Silurian  (Unlovician)  a^re.  The  •*  Transition  Argillite"  is  mostly 
of  Lower  Cambrian  age,  and  nmch  of  the  so-calle<l  Caleiferous  sand- 
rock  and  Graywacke  of  the  section,  represented  as  resting  on  the  up- 
turned edges  of  the  '•Argillite,"  are  portions  of  the  same  series  to  which 
the  "Argillite''  belongs.     Near  the  Hudson  River  a  profound  fault 


'In  a  review  lit  M.ii;!ur«f'*  nienioir  by  C.  S.  I;.i:iiit--4i{ii»  :c  i-i  -MLUfHnl  liy  l;ini  th.it  "  We  mn*t  «»!*p*- 
f'ially  oo!Ii*i;t  an«l  li*-***  rili*-  all  tbf  orirauic  rorr,.i::.A  oT  tmr  -♦nil.  if  w*»  »«v»-r  wjuJ  t«>  •pecul.ife  with  ihe 
fiiijall»-iT  ill  ,:r»"*- ••1"  ]irob.tliilit\  nn  tiir  ii-ruiatiiiii.  ri"«{ii  i-t.vi-  .i;:*-.  an<l  r.i-tiMv  ;«»f  iMir  alratx"  (01»Mr- 
v^riitfiH  on  rl.»-  ^■i«<il.i.;\  lit'  ti.(.'  Un.tL-il  SiaU:>  "it  An:**r:ia.  L>y  Wiilmm  Mai-l»r»>,  a  Dufice.  Aic 
Miiiifiily  M;i;;i/i!ir\  vul.  :j,  l;?le.  pp.  41-4t.> 

'  An  luilrx  t'}  t\iK  ijt^ilii::;.  of  tLt:  Nortl.tTn  Srat»-"».  '.v;:li  a  tr.»iiHv»»r"*e  f»r«"ti«)n  fn>iu  Catskill  Monntain 
to  ihf  Atl.intii*.     Lfirt—Ter,  l.»lo. 

■•Katnn.  Ani'M.   An  Index  t«>  thf  <J»'«iI«>^>  of  tli«»  Norti.»-rn  Sr.ir.-i.  "Ji!  ■•«!.,  1«':0.  pp.  Uh|-212. 

*  KatiMi.  .Kniiii*.  A  ::■  nlo^ii  ul  ani)  .iiriiirnlturul  -.iiive-.  ,.\  Krn-.'<t-lai<  r  Coult,  .  Ni-w  Vork.  Ts-itb  a  ::*«> 
lui£ii-al  protili-  t'ronu  UiionihiL'a  !••  Ma-*-*.!!  h<H»;tri«.  p  15.  pLitf.  A!l>.in\  \^'S^.  M*'Ui«>IPf  of  tbr  ImmhI  of 
a^rii  iiituri>  ofth*;  Stat»-  "I'  N»w  Yurk.  1*J::  vnl.i  p.  y. 

^A  >;iolo::ical  and  a;:rii.nUuraI  (»ur\eyuf  the  di:siiii't  ailjuiuiUL:  ilie  Kiit^  iJanal.  Ie*Jl,  pp.  Hi),  i}6-5o, 
plate.    Albau^. 
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with  a  great  horizoutal  tbmst  has  forced  the  Lower  Oambrian  over  aud 
on  to  the  Silurian  (Ordovician)  rocks.  The  misanderstanding  of  the 
true  relations  of  these  rocks  and  a  dependence  upon  their  lithological 
characters  led  Prof.  Eaton  into  an  error  that  has  come  down  to  the 
present  day  in  memoirs  relating  to  the  ^^Taconic  System." 

Prof.  Eaton  reviewed  his  work  from  time  to  time  until  1832,  when  his 
final  scheme  of  classification  appeared.  It  is  reprinted  in  the  following 
tabnlation,  with  the  equivalents  of  his  formations  as  known  in  the  no- 
menclature of  to-day.*  » 


Is" 

3-8  I 


o 


H 
I 


Satoii*li  Nomenolature  (1832). 


SComiferous  linierock 
Geodiferoaa  limerock 

2.  Millstone  ffrit  and  rabble  )  C 
1.  Second  Gray wacke  date.  \  S««>°d  Graywacke  .  J 

TMetalliferoas  limerock 

3.  ^  Caloirerona  aandrock 

tSparry  limerock 

[ Millstone gritand gray mbble )Fir8tGray-   I 
"^  >  Graj'wacke  slate J     wacke.  | 

r  Roof  slate      1  ( 

1.  ArRillitei  Wacko  slate  ^ i 

I  Clay  slate     J  [ 

3.  Granalar  limerock < 

2.  Granular  qnartz 

1.  Granite,  Mica  si  ate,  Horn  blonde  and  Talcose  rock 


1891. 


Upper  Helderberg. 

Niaj^ara. 

Oneida,  Clinton,  Medina* 

Utica,  Hudson. 

Trenton. 
Caloiferons. 
Trenton,  Chazy. 

Lower  and  Middle  Cambrian  and  Silu- 
rian. 
Hudson. 

Considerable  Hudson,  but  includes  a 
gretkl  mass  of  Lower  Cambrian  in 
Rensselaer  County,  N.  Y. 

Tronton>Chazy  limestone.  Caloiferous. 

Cambrian  liioestone. 
Lower  Cambrian. 
Alffonkian,    pro-Cambrian,  and   Ar> 

«hean. 


The  strati  graphic  position  of  the  "  GrannlarQnartz''  (2  of  the  Primitive) 
is  correctly  represented,  aud  it  is  now  known  to  contain  Olenellns  sp.f 
A  large  portion  of  the  strata  referred  to  the  "  Argillite"  (l,of  the  Tran- 
sition) is  also  known  to  carry  Olenellus  a^aplwides  and  to  belong  to  the 
Lower  Cambrian  terraiie.  In  the  text  the  *'  Graywacke  slate  ^  (2,  of  the 
Transition)  is  described  as  resting  uuconformably  upon  the  upturned 
edges  of  the  "  Argillite'^  (1),  and  it  is  so  represented  in  the  section.  This 
is  essentially  the  same  as  the  section  of  1820  and  as  in  the  more  detailed 
section  of  1824. 

Rev.  Chester  Dewey  studied  the  geology  of  the  vicinity  of  Williams- 
town,  Massachusetts,  aud  in  1819 '  published  a  short  sketch  of  the 
miueralogy  and  geology  of  this  region.  He  followed  this  in  1820  by  a 
geologic  section  from  the  Tiicoiiic  range  in  Williamstown  to  the  city  of 


*  Geological  Text-book  for  aiding  the  fttudy  of  North  American  Geology ;  being  a  systematic  arrange- 
ment of  fiictH  collected  by  the  author  and  his  {iiipils  under  the  patronage  of  the  Hon.  Stephen  Vau 
KenAScIaor.    Second  edition,  5  platcA.    Albany,  1832. 

'8ket<'h  of  the  Mineralogy  and  Geology  of  the.  vicinity  of  Williams'  College,  WilUamstowni  Masta* 
ohusetta.     (With  a  map. )    Am.  Jour.  Soi.,  vol.  1. 1819,  pp.  337-3M. 
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Tro)',  on'Oie  Hndaoa.'  In  Wb  Section  the  relatious  of  t)ic  <}tiiu-t2  form*- 
tion  to  the  mioa  alatMof  tbe  Anibaui  aie  kIiowii,  smd  iu  »  geuonil  waj- 
tbeZjOwerOambriOD  slate  iideserUMd.  This  is  referrtul  to  tlieTmnni- 
tfarn  argilllte.  In  1834*  he  desetibedthe  formutiou  mort!  in  tlvtail.  On 
the  map  acoompanyiDg  this  paper  the  dutributioii  of  tliu  varJotiH  roct 
maases  JB  more  aocmately  given  than  In  any  luups  publielied  prior  lo 
thoee  of  Profl  JMues  D.  Dana,  when  ataclyiug  thu  etruta  referretl  t«  the 
Taoonic  sygtem.  It  exhibits  an  aoqnaintHiK 
tion  of  the  rook  masaes  and  a  olear  ooni].iveheiiBtq 
and  correlation  of  locka  on  the  principle  of  lithe^ 
distribotion  of  the  G-ranoIar  Qaartz  and  its  relatiim  tO'  the  snl^ 
primlUTe  nx^  or  the  mioa  slate  of  the  map,  Is  partioAlarly  well  woifced 
out. 

Dr.  E.  Emmons,  apnpil  of  Prof.  Eaton,  adopted  the  order  of  ■qb— 
sioD  of  the  strata  as  proposed  by  Eaton,  and  separated  the  *'  Gtaaidar 
Quart2''(2),  "Granular  Limeroek"  (3),  and  ''Argillite"  (1)  toftania 
diatiuct  series  of  nx^  between  the  "Granite"  (1)  and  tbe  "Gray- 
wacko"  (2)  of  tbe  TransittoD.  To  this  aeries  of  rooks  he  gave  the  nans 
"  Tacoaic,"  as  Nos.  3  and  1  are  largely  developed  in  the  Taoonle  raoge  of 
mountains.  Hia  central  idea  was  that  tbe  rooks  were  mm-fixuilifenns 
and  beneath  the  £oae  of  animal  life,  and  were  separated  by  tbeir  mtaet- 
alogical  oharaoters  ftom  the  sabjaoent  and  sape^aoent  TOoka.* 

Iu  aooordanoe  with  tbe  belief  that  the  "  Granular  Quarti "  belonged 
to  a  system  of  rocks  whidi  were  beneath  the  zone  of  animal  Iffs,  Dr. 
Emmons  considered  it  the  oldest  of  the  sedimentary  rooks,  and  Iu 
beneath  tbe  Potsdam  sandstone  sarroandiug  tbe  Adirondack  monn- 
taius.  He  thas  diflereiitiated  the  Potodaui  sandstone  and  the  "  Granu- 
lar Quartz"*  as  two  distinct  formations.  The  work  of  Messrs.  Dewey 
and  Emmons  added  little  to  the  knowledge  of  the  trne  position  of  the 
'*  Granular  Quartz"  in  the  geologic  scries,  as  tfaey  did  not  discover 
fossils  in  it  or  the  oasociated  formations. 

Prof.  n.  D.  Rogers,  in  summing  ap  the  results  of  his  study  of  the 
marbles  and  sandstones  of  the  western  portion  of  Berkshire  Oonn^, 
Massachusetts,  states  that  he  considered  the  Berkshire  limestone  and 
marble  to  be  the  equivalent  of  the  (Trenton)  limestone  series  of  the  New 
York  section ;  and  that  the  semi-vitrifled  quartz  was  equivalent  to  the 
sandstone  at  tbe  base  of  tbe  same  series  (the  Potsdam  sandstone).*  In 
the  same  year,  1341,  a  discussion  of  these  formations  was  published  iu 

'GeoliiElcaliHlIaa  fnim  TscoDick  iBDEe,in  WIlhBiniitunD,M  Ibe  oitf  of  Troj.ou  tbeHudaoa.  im, 
Joar.  Sol.,  ToL  2, 189],  pp.UO-StS. 

■A  ikctcliortbe  KwloRy  uid  laliitiniJaKTortbe  wustern  part  of  UassacfaawtU.  uid  •niudl  put  of 
theulJolnlDcSUHM.    Am.  Ji>nr.Sc!.,Tol.B,  ISZipp.  I-IW. 

'GeotoEf  o[  Nsw  Yoili,  Part  Z,  compHnitii;  Ibe  Hitriny  ot  tbe  Mvoni  KeoloKied  (Northurn)  dlabiet; 
m2,pie«13&-l(U.  * 

•BolDanbHmlionaoDtfadiiHilDRiciliitnictiin-nrBttrliihire,  UaimchiuetU,  and  iislflbbaTlBK  pwta 
of  Kdw  York.    Am.  I'liil.  Soc.  Ptoi..  vnl.  2,  lUl,  pp.  3. 1.     On  Uii'  pliyxiral  Hlmctorr  of  On  AppB- 

genonlly.    Inuiit.  An.  Anoc  QeoL  Nat.,  IMS,  p.  UZ. 
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the  Geology  of  MoasaohoBettSy^  in  which  the  quartsite  is  described  with 
many  details.  lu  the  table  on  page  303,  the  <*  Granular  Quartz "  is 
placed  at  the  base  of  the  Paleozoic,  or  Sedimentary  series,  that  is,  at 
the  base  of  the  stratified  rocks. 

Dr.  W.  W.  Mather,'  in  his  survey  of  this  region,  concluded  with  Prof. 
Itogers  that  the  '*  Granular  Quartz''  and  other  rocks  referred  to  the 
Taconic  by  Emmons  were  the  same  as  those  of  the  Cham  plain  division 
of  the  New  York  section,  modified  by  metamorphic  agency  and  the  in- 
trusion of  Plutonic  rocks.  This  correlates  the  ^^  Granular  Quartz"  with 
the  Potsdam  sandstone.  The  ^'  Granular  Quartz "  and  the  Potedam 
sandstone  were  referred  to  the  Primal  series  by  Prof.  H.  D.  Bogers ' 
along  with  all  the  quartzites  that  were  found  at  the  supposed  base  of 
the  Paleozoic  series  in  the  Appalachian  region  and  north  through  New 
York  and  Vermont  into  Canada,  and  westward  into  the  Mississippi 
Valley.  This  reference  to  the  Primal  series  is  more  fully  described  in 
the  final  report  of  the  Geological  Survey  of  Pennsylvania.^ 

Prof.  Ebenezer  Emmons  described  the  ^^  Granular  Quartz"  with  con- 
siderable detail  as  the  basal  member  of  his  Taconic  system.'  In  the  re- 
ports of  1844  and  1847  its  occurrence  in  western  Massachusetts  and  west- 
em  Vermont  is  noticed,  and  it  is  stated  that  in  all  probability  it  occurs 
as  far  north  as  the  Canadian  bonier.  Its  extension  into  Vermont  had 
been  previously  noted  by  Messrs.  Eaton  and  Dewey,  and  we  find  in  the 
first  annual  report  of  the  Vermont  survey  the  statement  by  Prof.  O.B. 
Adams^  that  a  quartz  rock  constitutes  the  western  base  of  the  Green 
Mountains  from  the  north  part  of  Addison  County  to  Massachusetts; 
and  it  is  further  said''  that  the  quartz  rock  accompanies  the  Stockbridge 
limestone,  disappearing  with  it  in  the  north  part  of  Addison  County, 
and  that  near  Lake  Dunmore  a  bowlder  was  found  in  the  vicinity  of  the 
quartzite  beds  containing  two  remarkable  si>ecios  of  Polyparia(f ).  Two 
years  later,  in  speaking  of  an  excursion  into  Bennington  County  Prof. 
Adams  says  that  the  Quartz  rock  may  equal  the  Potsdam  sandstone, 
but  there  has  evidently  been  too  great  a  disturbance  in  this  region  to 
admit  of  certain  conclusions.^ 

A  full  description  of  this  formation  is  presented  under  the  heading  of 


*  Final  report  on  tbe  K<H>lof(y  of  Ma««achu(iotB,  vol.  2, 1841,  pp.  500-593. 

'  Mather,  William.  Kataral  Ilistory  of  New  York.  Pt.  1,  Creology  of  New  York ;  geology  of  the 
first  (Houthcaatom)  district.    Albany,  1843,  p.  438. 

'On  American  Geology  and  present  condition  of  geological  research  in  the  United  States.  Am. 
Jonr.  ScL,  vol.  47. 1844,  pp.  151-154. 

*  The  geology  of  J*ennnylvania.    Philadelphia,  1858,  voL  2,  p.  751. 

*G(K)logy  ofNcw  York,  pt.  2,  comprising  the  Hurvey  of  the  second  geological  (northern)  district. 
1842.  pp.  135-104.  The  Tacimic  System ;  based  on  observations  in  Now  York,  Massachnscttn,  Vermont, 
and  Khode  Island,  pp.  i-vii,  07,0  plates,  Albany,  1844.  Agrioiilture  of  New  York,  vol.  1.  pp.  45-112, 
plates  21,  map.  Albany  (1848),  1847.  American  Geology,  containing  a  full  statement  of  the  ]»vinoip]os 
of  the  science,  with  tuW  illastrations  of  the  characteristic  American  fossils.  8vo.  Albany,  1850,  vol. 
I.pt.2,pp.l22. 

*  First  Annual  Koport  on  the  Geology  of  Vermont.    Burlington,  1845,  p.  57. 
»Op.cit.,p.fll. 

"Third  Annual  Ileport  on  the  Geology  of  the  State  of  Yermout.    Burlington,  1847,  p  13. 
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'^  Quartz  Bock  ^  in  the  final  report  of  the  Geological  Sonrey  of  Yermont 
by  Prof.  G.  H.  Hitchcock.^  Detailed  descriptions  are  given  of  its  char- 
acter as  found  in  Vermont,  where  it  is  said  to  have  a  thickness  of  at  least 
1,000  feet.'  On  this  same  page  we  read  that  ^^  much  of  the  quartz  rock 
in  the  valley  between  Bristol  and  Starksboro  can  not  be  distinguished 
from  members  of  the  red  sandrock  series."  Several  species  of  fossils 
are  mentioned  as  occurring  in  it ;  they  are :  A  species  of  Lingula,  a  mol- 
luBk,  resembling  the  Modiolopsis,  a  straight  chambered  shell  (f ),  a  few 
crinoidal  columns,  the  Scolithus  linearis  (Hall),  a  few  fuooids,  and  some 
indeterminable  forms  which  are  evidently  organic.^  The  exact  geolog- 
ical horizon  of  the  quartz  rock  is  not  determined. 

At  this  point  the  review  of  the  literature  referring  to  the  ^^  Granular 
Quartz  "  will  be  postponed  until  it  is  taken  up  in  connection  with  the 
"  Red  Sandrock"  and  "  Georgia  Slates  "  of  Vermopt.  In  1861  the  three 
formations  were  practically  united  in  one  geologic  terrane  by  the  dis- 
coveries of  Messrs.  Billings  and  Barrande  and  the  correlations  of  the 
Geological  Survey  of  Vermont.  A  review  of  the  references  made  to 
the  Ked  Sandrock  and  the  Georgia  Slates  will  next  be  given,  and 
then  the  three  formations  will  be  considered  together  as  they  are  de- 
scribed in  New  York  and  Vermont. 

BSD  BAKDBOCK. 

When  describing  the  formation  terminating  the  Ghamplain  group  of 
the  New  York  section  Dr.  E.  Emmona  correlated  the  brown  or  red- 
brown  sandstone  of  Vermont,  on  the  eastern  border  of  Lake  Gham- 
I)lain,  as  found  at  Addison,  Charlotte,  Burlington,  and  Colchester,  with 
the  gray  sandstones  that  terminate  the  Lorraine  shales  of  Jefferson 
County,  New  York.*  Ho  thus  assigned  the  "Ked  Sandrock"  of  the 
future  to  the  summit  of  the  Lower  Silurian. 

In  presenting  the  results  of  his  study  of  a  section  crossing  Vermont 
from  the  Green  Mountains  to  Lake  Champlain,  Prof.  C.  T.  Jackson^ 
mentions  the  occurrence  at  Burlington  Falls  of  a  red  sandstone  con- 
taining numerous  beds  of  buff-colored  and  blue  compact  limestone  des- 
titute of  fossils.  He  referred  it  to  the  Potsdam  sandstone  of  Dr.  Em- 
mons. "  At  Willard's  quarry  the  red  sandstone  rock  alternates  with  a 
bright  red  slate,  covered  with  ripple  marks  made  by  the  waters,  from 
which  the  sediment  was  originally  deposited."  He  further  states  that 
a  mile  from  Burlington,  on  the  Wiuooski  River,  large  beds  of  compact 
blue  and  excellent  white  limestone  are  found. 

Prof.   C.  B.  Adams  describes  in  the  first  report  of  the  Geological 

*  Hypozoic  and  Paleozoic  rocks.  Keport  on  the  Geology  of  Vermont,  deAcriptiye,  theoretical,  econom- 
cal,  and  Hcenographical,  vol.  1, 1861,  pp.  342-357. 

*0p.  cit.,  p.  355. 

•Op.  cit.,p.35G. 

^Geuluffv  of  New  York,  pt.  2,  comprising  the]  sorvey  of  the  second  geolo^cal  (northern)  distriel. 
1842,  pp.  12.},  IBi. 

'Final  llvport  on  the  Geology  and  Mineralogy  of  the  State  of  New  Hampshire,  with  contribations 
towards  tho  iuipruvcment  of  agrlcwlluto  and  motaUurgy.  Concord,  ISH,  p.  16L 
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Snrvey  of  YermoDt  tlvs  occurrence  of  roofing  slates  in  southern  Yer- 
moot  ^  which  he  refers  to  the  Taconic  slate  of  Dr.  Emmons,  without  a 
further  attempt  to  assign  them  to  a  geologic  horizon. 

In  the  following  year  a  section  is  given  of  Snake  Moantain  by  Profl 
Adams  ^  in  which  the  Bed  sandrock  is  shown  resting  conformably  upon 
the  Hudson  Eiver  shale.  In  1847  he  referred  to  his  studies  of  the  Ked 
sandrocls^  and  noticed  the  discovery  of  fragments  of  trilobites  which 
Prof.  James  Hall  identified  as  Gonocephalns.^  He  next  assigned  his 
Eed  Sandrock  to  the  Upper  Silurian,  correlating  it  with  the  Medina 
sandstone.'  Dr.  E.  Emmons  criticised  this  view  of  Adams,  and  stated 
that  he  was  in  error.  He  regarded  the  formation  as  of  Oalciftirous  or  of 
Potsdam  age  as  proved  by  the  fossils,  stating  that  the  rocks  rest  on  the 
Taconic  slate.^  Prof.  Adams  reasserted  his  view  in  1848,''  stating  that  no 
line  of  Tract  ure  occurred  above  the  Trenton  limestone,and  that  the  Snake 
Mountain  section  showed  that  it  contained  Utica  and  Hudson  Kiver 
rocks.  Later,  Dr.  Zadock  Thompson  adopted  the  view  that  the  Ked 
sandrock  was  in  its  natural  position  on  the  summit  of  Snake  Mountain.^ 
The  view  that  the  Eed  sandrock  series  was  the  equivalent  or  the  Me- 
dina of  tlie  New  York  section  was  sustained  by  Prof.  W.  B.  Rogers' 
and  the  Medina  or  Clinton  age  of  the  '^  Ked  sandrock"  was  supported 
by  the  Geological  Survey  of  Vermont.*® 

Mr.  E,  Billings,  on  learning  of  the  discovery  of  fossils  in  the  ^*  Ked 
sandrock  ^  near  Swanton,  Vermont,  by  Dr.  G.  M.  Hall  and  Kev.  J.  D. 
Perry,  visited  the  locality  and  found  a  small  Theca  and  a  Conocepha- 
lites.  Upon  this  paleontological  evidence  he  referred  the  strata  to  about 
the  horizon  of  the  Potsdam  sandstone,  to  which  position  it  Las  since 
been  assigned  by  most  authors  who  have  had  occasion  to  mention  it." 
Mr.  Billings  also  corrected  the  statement  of  Prof.  Hall,  that  the  trilo- 
bites of  the  Georgia  slate  were  from  the  Hudson  terrane,  and  referred 
them  to  the  Primordial  or  Lower  Potsdam.  This  transferred  the  Geor- 
gia series  and  the  associated  '^  Ked  sandrock  "  to  the  Cambrian.'^ 

I  have  thus  far  referred  only  to  the  ^'  Ked  sandrock,"  as  it  was  men- 
tioned more  definitely,  and  assigned  to  a  geological  position  prior  to 
the  argillaceous  and  arenaceous  shales  and  slates  that  overlie  it.  As 
the  <'Kcd  sandrock"  and  these  shales  or  slates  will  be  spoken  of  together 


*  First  Annual  Report  on  the  Geoloj^y  of  Vermont.   Barlin^ton,  1B45,  p.  35. 

*  Second  Annu:il  Report  on  the  GtH)lo;;y  of  the  State  of  Vermont.    Rurlinj^ton,  18(6,  p.  163. 

'  Third  Annual  Report  on  the  Gooloj^y  of  the  State  of  Vermont.     Barlinj^ton,  1847,  pp.  13-15. 
■*  L<'tter  on  ct^rtuiu  fosnilH  in  the  Red  sandrock  of  liighgate.    Third  Annual  Report  on  the  Geology  of 
tho  .state  of  Veruiont.    Burlington,  18i7,  p.  31. 
^  On  the  TAOonic  System.    Am.  Jour.  Agrlc.  and  Sci.,  vol.  6,1817,  p.  260. 

*  (On  the  Taconic  System.)     Am.  Jour.  Agrio.  and  Sci.,  vol.  6,  1847,  p.  260. 
'On  the  Taconic  Rocks.    Am.  Jour.  Sci.,  2d  ser.,  vol.  5,  181S,  pp.  I0&-110. 

*  Geology  of  Vermont.    Nat.  Hist,  of  Vermont,  Burlington,  1853,  Appendix,  p.  46. 

*  (Notes  on  the  geological  structure  of  western  Vermont.)    Report  on  the  Geology  of  Vermont,  vol. 
1,  1861,  pp.  326,327. 

'<>  Hitchcock,  C.  H.    R4'port  on  the  geology  of  Vermont.    Notes  on  the  sections,  vol.  2, 1861,  p.  650. 
"Oil  the  age  of  the  red  sandstone  formation  of  Vermont.    Am.  Jour.  Sci.,  2d  ser.,  vol.  33, 1861,  p.  232. 
I' On  Trof.  J.  Hall's  claim  to  priority  in  tho  determination  of  the  age  of  the  red  sandrock  series  of 
Vermont.    Am.  Jour.  Sci.,  2d  ser..  vol.  33. 1862,  pp.  370-376. 

Bull.  81 7 
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beivafter,  I  will  uow  go  back  and  give  a  short  rdsum6  of  the  history  of 
the  latter  as  meutioned  by  various  authors. 

OEOBaiA  8LATK8. 

T}ie  first  notice  we  find  of  the  slates  and  shales  now  referred  to  the 
Georgia  terrane  of  Vermont  is  by  Prof.  Amos  Eaton,  in  1818^  Tbe 
argiUacoous  and  siliceous  slates  and,  in  isolated  masses,  a  graywacke 
slate  (Nos.  1)  and  10  of  his  iigured  section)  are  shown  to  the  east  and  west 
of  tlie  Hudson  Kiver,  the  slates  on  the  eiist  alone  belonging  to  the  Cam- 
brian.^ These  slates  were  referred  to  the  transition  class.*  In  the  next 
edition  of  his  index ^  these  beds  are  referred  to  the  Argillite  (7)  and  the 
Graywacke  (9),  these  terms  being  then  applied  to  them  as  seen  in  Bens- 
selaer  County,  New  York,  and  in  all  of  Eaton's  subsequent  publications. 
It  is  tlie  Argillite  (1)  and  the  First  Graywacke  or  the  Graywacke  slate 
of  the  First  Graywacke  of  the  nomenclature  of  1832*  and  his  pax>er  of 
J  839.'^  On  lie  v.  Chester  Dewey's  Geological  Map  of  1824*  the  same 
area  in  Rensselaer  County  is  included  under  the  term  "Grey  Wacke" 
and  in  part  "Transition  Argillite.'^ 

Ill  delining  the  limits  of  the  Taconic  System  in  IS^i,""^  the  northwanl 
extension  of  Prof.  Eaton's  Argillite  and  Graywacke  of  Benssehier 
County  into  Washington  County  was  called  the  Taconic  slates,  and  it 
was  in  this  series,  a  mile  north  of  Bald  Mountain,  that  the  first  fossils 
of  the  Olenellus  or  Lower  Cambrian  zone  were  found  by  Dr.  Asa  !l^itch. 
These  slates,  with  their  interbedded  arenaceous  layers,  formed  the  Upper 
Taconic  of  Emmons,  which  he  stated  could  be  traced  northward  to  the 
Canadian  border.  In  the  map  accompanying  Dr.  Emmons's  memoir  on 
the  Taconic  System,  published  in  1814,  all  of  the  strata  east  of  the 
Hudson  are  colored  Taconic  slates,  or  included  in  the  Taconic  system. 
The  same  strata  in  the  map  of  1812,  published  by  the  Geological  Sur- 
vey of  New  Y^ork,  are  included  under  the  Hudson  Kiver  group, 

J)r.  Asa  Fitch,  a  practicing  physician  in  Washington  County,  iJew 
York,  studied  the  local  geology,  and,  under  the  headings  of  *'  Tiiconic 


*Tlui  <Jr«'>  wackc  (»r  (irit  ar«a  of  tlio  ca8t«m  part  of  BonHAelaor  C<mnt.v  in  now  kuowii  to  be  aliove 
tho  metitUircKiuH  liiin^Mtono  of  Katun  or  the  Treuton  limeHtone  series  of  the  New  York  State  Snrvej. 
Tli»!  rcooiit  \>urk  of  Mr.  'V.  Nelnon  Dalo,  of  the  U.  S.  Geological  Survey,  establishes  this  and  prove* 
that  I  waft  iiM  iirnut  in  rrforrinj:  this  area  to  the  Cambrian  on  tho  nuip  aeciirnpanyinp  the  |>aperon 
tho  Taconic  S,\>trm  of  Kminou.s  and  tho  use  of  the  name  Taconic  in  j:»M»h>j;ic  nomenclaturu.  (Am. 
Jour.  Sci.,  :ul  Mi'i..  vol.  .'i5,  1S88,  pi.  3.)  It  is  ]»robable  that  tho  eastern  portion  of  the  Caiubriau  area, 
a.H  tJHMi;  iii!i|»|Mtl.  t«»  tlu'  north  of  the  IJt-rlin  Grit  area,  in  western  Bennin^toB  and  Kiitlaud  counties. 
Vrnimnt,  may  al-o  pnivr  lo  bi*  of  Lower  Silurian  (Ordovician)  ago.     (C.  D.  W.,  Juno,  1801.) 

'  Anindox  to  the  i;«'<do^y  of  thi*  Northern  States,  "witli  a  transverse  section  from  Catekill  Moon* 
tain  to  the  Atluntie.     Leicester,  1818.  pp.  27-30. 

'All  iiidfx  to  the  g»'nl«);iy  of  the  Northern  Statt's.     2d  ed.,  12tiio,  Troy,  N.  Y.,  1820,  p.  163. 

Mieological  Text  Book.  2d  ed.,  1832. 

•(.•h«Mt.y  linie-PK-k  (»r  CornitVrous  liinc-rock  jjroposod  a.s  the  line  ot  reference  for  State  geolojcista  of 
New  Voj  k  UJid  Pennsylvania.     Am.  Jour.  Sci.,  vol.  30, 1S39,  pp.  09,  70. 

«  A  rtketih  of  the  geolojLiy  and  miner.ilo<;y  of  the  western  part  of  Massachusetts  and  a  amaU  part  of 
th«'  ailjoinin;;  .'^t:^t^•rt.     Am.  J"ur.  Sri,,  >ol.  8, 1824,  pp.  1-60. 

'  Eminoii-«.  K.     The  Taconic  System  ;  hase<l  on  observations  in  New  York,  Massachusetts,  Vermont 
and  i:hode  Island.   Albany,  1844,  pp.  i  vii.  67,  6  plates. 
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slate"  and  ^'Taoonic  sandstone^''^  gives  a  description  of  the  slates  and 
interbedded  sandstone  with  oonsiderable  detail.  He  thinks  that  they 
may  belong  to  an  older  system  than  the  New  York  rocks,  but  no  evi- 
dence is  given  to  support  this  view.  On  page  866,  Dr.  Fitch  states  that 
in  the  summer  of  1844  he  found  at  Beynold's  Inn  the  first  fossils  known 
from  the  Taconic  slate,  and  sent  them  to  Dr.  Emmons,  who  named  and 
published  illustrations  of  two  species.  Dr.  Fitch  also  describes  an 
annelid  trail,  Helminthoidichnites  tenuis^  from  the  <^  Taconic  slate"  of 
Granville.* 

Dr.  G.  B.  AdamSt  of  the  Geological  Survey  of  Vermont,  called  the 
northwanl  extension  of  the  Upi)er  Taconic  slate  (of  Emmons)  of  Wash- 
ington and  Beusselaer  Ooanties,  the  rooting  slates  of  the  Taconic  system, 
and  included  them  in  his  Hudson  River  group.^ 

The  fossils  described  from  a  locality  of  this  horizon,  near  Troy,  New 
York,  in  the  paleontology  of  New  York,^  were  included  by  l^rof.  James 
Hall  with  those  of  the  Hudson  Biver  group  and  were  considered  to  be 
of  that  age.  This  same  view  was  taken  by  him  of  the  northward  ex- 
tension of  this  series  in  Vermont,  when  he  described  the  trilobites  from 
the  shales  of  Georgia  in  1859.    At  the  close  of  this  article  he  says: ' 

In  addition  to  the  evidenoe  heretofore  possessed  regarding  the  jiosition  of  the  shales 
containing  the  trilobites,  I  have  the  testimony  of  Sir  W.  K.  Logan  that  the  shales 
of  this  locality  are  in  the  upper  part  of  the  Hndson  Kiver  group,  or  forming  a  part 
of  the  scries  of  strata  which  he  is  inclined  to  rank  as  a  distinct  group  above  the  Hud- 
son Kiver  prox)er.  It  would  be  quite  snperflnons  for  me  to  add  one  word  in  support 
of  the  opinion  of  the  most  able  stratigraphical  geologist  of  tlie  American  contiuent. 

Prof.  G.  H.  Hitehcock,^  in  speaking  of  thetrilobite  rock  of  Yermout, 
from  which  Prof.  Hall's  specimens  were  obtained,  stated  that  he  con- 
sidered them  as  overlying  the  equivalent  of  the  Oneida,  which  was 
superjacent  to  the  Hudson  liiver  liocks. 

Th(^  attontion  of  M.  .Toachini  iiarraiide  having  been  called  to  the 
fossils  found  in  the  (Georgia  slate,  he  studied  tlieni  with  great  eare,  and 
published  an  extended  review  of  the  literature  referring  to  them,  and 
discussed  the  paleontologic  proof  of  the  age  of  the  rocks.'  He  decided 
that  the  fauna  was  equivalent  to  his  Primordial  fauna  of  central  Bo- 
hemia, and  that  it  could  not  be  referred  to  the  Second  fauna,  as  had  been 
done  by  the  American  observers.     Under  the  impression  that  Dr.  Bm- 


*  A  Hintorical,  Topoeraphicnl,  niid  AKricnltiinil  Survey  of  the  County  of  Washington.    TrauH.  N.  Y. 
SUto  AfiT\c.  Soo.  for  1849, 18Q0,  pp.  830-857. 

»Op.clt,p.8«8. 

^  FirHt  Annnal  Re{K>rt  on  the  G(K>loKy  oT  tbo  Stato  of  Vermont,  Burlington,  1845,  p.  61.    On  tlie 
Taconic  Kockn,  Am.  Jour.  Sci., 2d  nerieH,  vol.5,  1848, pp.  108-110. 

*  Paleontology  of  New  York,  vol.  1,  rontaiuing  dedcriptions  of  the  organic  remains  of  tho  lower  <li- 
vinion  of  the  New  York  system,  1847,  pp.  2r»2, 25«,  267. 

■^  Kcinarks  upon  the  triliibites  of  the  shnlvs  of  tho  Hudson  Biver  group.    Paleontology  of  New 
York,  vol.  3,  »ui»plomcnt  to  vol.  1, 1859,  p.  529. 

*  On  tho  geoliigy  of  Vfnnont,  chiefly  in  cimnection  with  tho  Taconic  System.    Boston  Soc.  Nat.  IHst. 
PriMT..  VOL  7, 1861,  pji.  426, 427. 

'  Documents  anoiciiM  ot  nouveaux  snr  la  fanne  primordiale  et  le  systdme  taconiqueen  Am^rique. 
Soc.  g6ol.  Franco.  Bull.,  S'  si-r.,  vol.  18, 1861.  pp.  203-321. 
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inons'K  Ktratigrapliic  work  was  correct,  M.  Barrande  credited  him  with 
having  correctly  located  the  Primordial  fauDa  in  America. 

lu  18G1  Prof.  Hall  changed  the  reference  of  the  Georgia  trilobites 
from  the  Hudson  River  group  to  the  Quebec  gronp.^  In  a  letter  writ- 
ten to  M.  J.  Barrande,  dated  April,  1862,  the  explanation  of  this  is  given. 
n<i  states  that  his  own  conviction  was  that  the  lied  sandrock  and 
tlie  (iranuhir  Quartz  of  Vermont  wei*e  of  the  age  of  the  Potsdam  sand- 
stone and  that  the  schists  and  shales  which  held  the  trilobites  belong 
between  the  Potsdam  sandstone  and  the  Trenton  limestone.  He  thus 
changed  his  views  in  relation  to  the  age  of  the  rocks  containing  Ole- 
nelluK  and  other  trilobites,  and  referred  them  to  the  lower  portion  of 
what  is  now  designated  as  the  Silurian  (Ordovician).    He  says : 

You  will  unduriitaud,  then,  that  if  iny  views  tonching  the  relations  of  these  rocks 
are  exact  tlie  valley  of  ibu  UudMon  River  from  the  high  lands  on  the  south  of  Lake 
Chaiiipliiin,  save  a  small  nuniher  of  inconsiderable  exceptions,  is  occupied  by  rocks 
of  the  Primordial  zone,  that  is,  hy  rocks  placed  between  the  Potsdam  sandstone  and 
the  Trenton  group.  Thus  the  Hudson  River  group  in  its  typical  localities  belongs  to 
the  Primordial  period.* 

In  explaining  how  lie  came  to  adopt  the  view  that  the  trilobites  from 
the  Georgia  slates  of  Vermont  and  those  described  by  Dr.  Emuioos 
ii*om  the  black  slates  of  Washington  Connty  belonge<l  to  the  Hudson 
Kiver  group,  together  with  the  strata  in  which  they  were  contained,  he 
says : 

I  wish  to  claim  nothing  for  myself  or  for  my  former  views,  for  we  owe  the  final 
solution  of  this  (juestion  to  the  Cana<lian  survey.  Yet  there  remain  some  divergent 
viewH  in  regard  to  the  relation  between  the  shales  and  the  Pot-sdam  sandstone. 

He  further  states  that  this  arose  from  his  seeing  the  Potsdam  sand- 
stone run  beneath  the  slate  at  Whitehall.  New  York,  and  a  number  of 
other  places ;  that  at  no  point  where  the  Potsdam  sandstone  is  seen  is 
there  any  shale  or  other  formation  beneath  it,  excepting  the  crystalline 
rocks  of  the  AdirondaekH.  S])eaking  of  the  "  Granular  Quartz,"  he  Siiys 
that  it  presents  the  same  relation  *as  the  Potsdam  sandstone  to  the 
schistose  rocks;  that  he  has  always  referred  it  without  hesitation  to  the 
Potsdam  sandstone.  lie  hehl  the  view  that  the  schistose  rocks,  with 
their  impure  saiulstones,  brecciated  limestones,  and  calciferous  Siind- 
rock,  are  to  be  placed  between  the  Pots<lam  sandstone  and  the  Trenton 
limestone  group;  that  the  relation  of  this  group  of  schists  or  slates  to 
the  Potsdam  sandstone  seems  to  be  that  of  an  upper  formation,  lu 
none  of  the  outcrops  that  he  saw  in  the  disturbed  region  east  of  the 
Ihhlson  was  there  one  that  could  explain  the  phenomena  presented,  on 
the  supposition  that  the  sandstone  is  the  upper  rock.  lie  then  qnotes 
the  nomenclature  of  Eaton  to  show  that  it  was  almost  the  same  as  that 
finally  adopted  by  the  (leological  Survey  of  New  York,  that  is,  the  order 
of  superpositiim  of  the  formations,  the  "(Granular  Quartz"  being  place^l 
at  the  base.     Ft  is  also  stated  that  the  graptolites  found  in  the  beds 


» Uorrcction  for  tho  thirtuf  nth  annual  report.     14tli  Ann.  Kep.,  Stat**  Cab.  Xnt.  Hist.,  1861.  p.  1 
'Leitvr  on  tho  rriinurilial  ot*  America.    S«c.  kC'oI.  Fnuice,  Bull.,  2«  «cr.,  vol.  lu,  1862,  p.  732. 
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formerly  referred  to  the  Hudson  JSiver  ai-e  considered  to  belong  to  the 
Primordial  fanna.  ^ 

The  geologists  of  the  Vermont  survey  in  their  final  report  included 
the  shales  and  associated  slates  and  arenaceous  beds  under  the  title  of 
Georgia  group.  In  proposing  the  name  Georgia  group  to  designate 
these  rockS|  Prof.  O.  H.  Hitchcock  said : ' 

We  Qse  the  term  Georgia  ffrtmp  to  designate  this  terrain,  from  the  town  of  Qeorgia 
in  Franklin  Connty,  where  it  is  developed  in  its  fhU  proportions  and  where  the  most 
interesting  fossils  have  been  fonnd.  It  is  a  name  also  which  does  not  involve  any 
theory,  and  may  be  nsed  by  both  parties  in  the  controversy  respecting  its  age.  *  *  * 
The  Georgia  slate  inolades  what  Prof.  Emmons  has  ranked  as  the  bhu)k  slate,  Ta- 
conic  slate,  and  roofing  slate;  and  yet  not  altogether, for  we  have  regarded  all  the 
black  slate  beneath  the  red  sandrock  as  belonging  to  the  Hudson  River  gronp.  The 
characteristic  trilobites  of  the  Georgia  slate  are  represented  by  Emmons  in  his  Ta- 
conic  System,  1844,  as  fonnd  in  the  black  slate. 

The  following  fossils  are  cited  as  characterizing  the  Georgia  slate  in 
Vermont:  Barrandia  thompaoni  Hall,  B.  vermontana  Hall,  Bathynotus 
holx^pyga  Hall,  Oraptolithus  milesi  Hall,  the  trail  of  an  annelid,  and 
unknown  species  of  fucoides.^ 

The  stratigraphic  position  of  the  Georgia  series  was  considered  to  be 
above  the  sandstone  which  represented  the  Oneida  conglomerate,  and 
the  thickness  of  the  slate  was  thought  to  be  at  least  3,000  feet.^  A 
diKcussion  of  the  stratigraphic  position*  of  the  faunas  found  in  the 
Georgia  slates  by  Prof.  James  Hall,  Sir  William  E.  Logan,  and  M.  J. 
Barrande,  accompaiues  the  chapter.  A  fair  presentation  of  the  argu- 
ment for  and  against  the  Silurian  age  of  the  terrane  is  given.  In  a 
note  upon  the  trilobites  of  the  shales  of  the  Hudson  Kiver  group,  in 
the  same  volume,  Prof.  Hall  redescribes  the  fossils  mentioned  in  his 
paper  of  1859.  In.  the  second  volume  of  the  Geology  of  Vermont,  on 
\r*\^o,  709,  the  *'  sparry  limestones"  occurring  as  thin  bands  in  the  roof- 
ing slate  series  in  Fairhaven,  Vermont,  are  correlated  with  the  red  sand- 
rork  or  Winooski  marble  of  the  northern  portion  of  the  State. 

In  (l<\scril)ing  the  rocks  of  Waterville,  Maine,  Prof.  C.  H.  Hitchcock* 
states  that  the  slates  are  similar  in  mineralogical  structure  to  the 
Georgia  slates  of  Vermont,  which  are  equivalent  to  the  Potsdam  sand- 
stone. 

With  the  determination  (a)  by  Mr.  E.  Billings  that  the  "  Red  sand- 
rock"  was  of  primordial  age;^  {h)  by  Mons.  Barrande  that  the  fossils 
from  the  Georgia  slate  belonged  to  the  Primordial  fauna;  (c)  that  the 
**  Granular  (Juartz"  was  the  basal  member  of  the  Paleozoic,  and  had 
been  correlated  with  the  Potsdam  sandstone,  which,  from  its  included 

»  Op.  cit.,  p.  732. 

*Hypo£oic  and  Taleozoio  rockd.    Report  on  the  seology  of  Vermont,  vol.  1, 1801,  p.  358. 

»  Op.  cit. ,  p.  367.  *  Op.  cit. ,  p.  366. 

*  (rencral  report  on  the  geology  of  Maine.    Preliminary  Rep.  on  the  Nat.  Hist  and  Geology  of  Maine. 
Aagnsia,  1861,  p.  233. 

*  On  the  a^fe  of  the  rod  sandstone  formation  of  Vermont.    Am.  Jour.  3ci.,  2d  aer.,  voL  32, 1861,  p.  232. 
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fossUs  in  the  HiMiadppi  Tallay,  mw  alM  refen«d  to  the  Primordiiil, 
the  reviev  itf  Uie  hlsloiy  of  these  three  UMiibriui  furnuitious  aa  they 
ai^iear  in  Kew  York  ap^  Termont  is  ouried  forwani  aa  that  of  one  icr- 
rane. 

In  speaking  of  the  determination  of  the  age  of  tiie  riatni  to  O— t^h^ 
Vermont,  Hr.  B.  BUltngs  bMw  that  Hona.  Bttnlade  ant  datanataed 
their  age.*    He  fhrtiier  ai^a : 

At  the  time  I  wnta  tha  notson  the  Hlghgite  Mlabltn  II  WM  not  kswws  tiW 
theMaUtMwereoanfiwmkbljrititentnUSed  with  the  KsdMiidiMk  maMaaamtf 
•wM  n*de  ftfteiwatda  h;  the  ^er.  J,  B.  Port  ud  Dr.  0.  U.  Hall,  of  Bwaatan. 

He  also  mentions  the  disooveiy  on  the  Straitsof  BelleIile,'1vKr.  J. 
BichardBOD,  of  the  Canadian  Geological  Survey,  <rf  SeettAm  Ummrii, 
Fan»doxide»  ttompiotii,  and  P.  vsnRonfaaa,  and  a  nnmhar  ot  atbet  ape- 
oies  of  whioh  a  list  voold  Iw  given  farther  on.    He  adda : 

The  undatone*  and  Unwatonea  of  the  north  ahora  of  the  ati^ta  [rf  Balls  Us]  a^ 
pesr  to  be  of  the  age  of  the  Potadam  of  Penn^lTania  and  TiiiiiiiMaii  The  ftna  of 
the  Seolithna  la  IdenUoal  with  that  whloh  oaaan  In  theae  two  Btataa,  and  aoae  par- 
tloQi  of  the  kodk  ia  a  eoarae  led  aMidatana,  azaoUy  lUte  the  apeelmom  aaat  to  ■• 
about  a  yaar  ago  ftom  Tetmeaaee  bjr  Prof.  8*lEnd. 

Mention  is  made  of  the  disooveiy  b;  Bev.  J.  B.  Perry  and  Dr.  Q.  H. 
Hall  of  a  gronp  of  fbaailB  isterstratifled  with  the  Red  sasdroek  east  of 
Swanton,  Vermoi^t.  Of  tfatf  speoiea  found,  fonr  oooor  In  the  limeatoaa 
vfaich  overlies  the  sandstone  with  SoolUluu  linemria  on  the  north  ahon 
of  the  StiaitB  of  Belle  Isle. 

Taking  all  theae  faota  together  acarcely  aii3rthtng  more  ia  Heotmary  to  abow  that 
the  Red  wkndroqk  of  Vermoat  is  of  the  a([o  aaaigned  to  it  hf  nie  from  tui  examination 
of  Conocephalilea  at  FlighKate  in  Jaly  last.  •  •  •  Burrande'a  oplniun, fooDded 
nltogethar  npon  tbe  aapeot  of  these  trilobitM  ia  thns  oompletely  Terifled.' 

At  tho  close  of  the  paper  ia  a  list  of  the  fossils  fonnd  in  Vermont  and 
on  the  Straits  of  BoUe  Isle,  all  of  whioh  are  referred  to  the  Potsdam 
groap.'  In  speaking  of  the  claim  of  Mr.  Billings,  that  be  hod  identi- 
ged  the  Primordial  fauna  in  the  Red  sandrock  and  determined  its  geo- 
logical age,  Prof.  James  Hall*  states  that  be  had  published  sections  and 
made  statements  in  relation  to  the  age  of  these  rocks  to  show  that  he 
considered  them  te  be  of  the  age  of  the  Potsdam  sandBtone  of  the  Kev 
York  section.  In  reply  Mr.  Billings*  said  that  tbe  sections  spoken  of 
by  Prof.  Hall  do  not  cross  at  any  point  tbe  Bed  sandrock  or  G«orgia 
slates,  where  they  are  recognized  by  Prof.  Hall  as  belonging  to  the 
Potsdam.  On  the  contrary,  tbey  are  marked  on  tjie  section  as  belongs 
iug  to  the  Treuton-nndsou  series. 

>  VniDinr  abicrvotlDii*  on  the  Mta  or  (he  red  Modronk  fonnalioD  (Potadun  |[nn>p)  or  Canada  Md 
Vermont.    Am.  Jour.  8cL,  M  wr.,  voL  B3,  lUS,  pp.  lOt-lOEi.    <3ea  nuM  ud  aomcUm^  mus  «id.,p(. 

«2t-m.) 

■0|>.  olt,,  p,  IDS.  >  Op.clt.,  p.  1D4. 

■On  (be  PuMdam  undshne  Mid  Uodfon  River  roekB  in  Vermont     Am.  Joar.  ScL,  3d  •er.,nl.S^ 

imt,  pp.  loe-ios. 

•On  ProCJ.  Hall'*  eUlm  b>  priority  In  the  Oetenainatlun  of  the  acsof  the  Bed  h 
VannonL    Aiii.Jo<U'.Bi;i.,2d  Mi.,ioLS3,18SI,pp.3T0-37S. 
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Wben  tracing  the  fonHatioiai  that  oeouf  north  of  tiie  Vermont  and  Can- 
ada boundary  to  the  sonthward,  Sir  William  B.  Lbgan  stndiod  a  section 
in  the  vidnity  of  8wantOD,Yermont^  in  which  the  Gtoorgia  slates  and  the 
Olenellos  fiinna  occur  above  the  Bed  sandrock.^  The  latter  are  red  and 
white  dolomites  In  sandy  layeta  The  measorement  of  this  section  gave 
a  thickness  of  710  feet,  indnding  100  feet  of  shale,  carrying  the  fossils 
which  Mr.  Bfllings  described.  He  traced  the  rocks  of  the  Swanton  sec- 
tion north  to  the  vidnity  of  Saxete  Hill,  near  the  United  States  and  Cana- 
dian border,  where  a  measured  section  of  the  dolomitio  sandstone  gave 
a  thickness  of  1,410  feet.*  These  sections  cross  the  Bed  sandrock  forma- 
tion of  the  older  anthers.  The  name  Bed  sandrock. is  a  misnomer,  as 
there  is  in  reality  comparatively  little  sand  or  arenaceous  material,  other 
than  arenaceous  limestone  of  a  highly  dolomitic  character,  in  the  entire 
section. 

Prof.  Jules  Marcon  took  a  very  active  interest  in  the  discussion  of 
the  stratigraphic  position  of  the  &nna  fonnd  in  the  slates  of  Georgia, 
Vermont,  and  published  nnmerons  papers  upon  the  subject  firom  1860 
to  1888.  In  a  paper  published  *in  1861 '  he  records  some  of  his  own 
observations,  saying  that  in  Vermont  the  Potsdam  sandstone  has  cxt 
actly  the  same  aspect  and  composition  as  at  Potsdam,  in  the  State  of 
New  York.  Near  Sale's  Mills,  a  mile  east  of  Highgate  Springs^  it  con- 
tains two  species  of  Gonocephalites,  0.  adatmi  and  C.  vulcanuM.  He 
sutea  that  the  formation  is  broken  up  Into  narrow  bands  that  are 
numerous  and  well  developed  west  of  Mr.  Parker's  farm  at  Georgia, 
and  also  on  the  road  between  St.  Albans  and  Swanton,  Vermont ;  and 
that  although  at  first  they  appear  to  be  interstratifled  with  the  Georgia 
slates,  they  are  not  so,  but  may  be  compared  with  the  steps  of  a  ladder 
placed  over,  or  even  a  little  wedged  into  the  Georgia  slates  and  Lingula 
Hags.    He  says: 

Thia  gronp  has  been  known  for  a  long  time  in  Vermont  by  the  name  of  Red  Sand- 
rock.  •  *  *  Below  the  Potsdam  sandstone  lie  great  masses  of  slate,  four  or  five 
tbonsand  feet  thick,  which  for  oonveuiedoe  I  should  divide  into  three  parts.** 

These  are  the  Lingula  flags,  Georgia  slates,  and  St.  Albans  group. 

The  Georgia  slates  are  stated  to  be  characterized  by  Primordial  fos- 
sils, notably  Paradoxides  {Olenelltia)  thompaanij  P.  vermantanaj  Peltura 
holopygaj  Obolella  cingulata^  etc.' 

In  noting  the  discovery  of  fossils  in  the  Winooski  marble,  at  8  wanton^ 
Vermont,  Mr.  E.  Billings "  states  that  fossils  were  disc<)vered  by  Mr. 
Solon  M.  Allis,  of  Burlington,  Vermont,  who  sent  them  to  him  for  ex- 


>  G(M>)ogical  Sanrey  of  OanadA;  report  of  prof^rots  from  its  commencoment  to  18<I3.  Montreal,  18G3, 
pp.  281, 282. 

*Op.clt,p.282. 

'  The  Taconic  and  Lower  Silnrian  rooks  of  Vermont  and  Canada.  Boston  So&  Nat.  Ilist  Proc,  vol. 
8,  1862,  pp.  23»-253. 

*  Op.  dt,  p.  244.  •  Op.  o1t»  p.  a45u 

<  Note  on  the  discovery  of  fossils  in  the  "  Winooski  marble,"  at  Swanton,  Yennont.  Am.  Jonr.  Sd., 
3d  ser.,  voL  3, 1872,  pp.  145, 140.    Canadian  Nat,  new  ser.,  vol.  6,  p.  351. 
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amiiiation.  He  foand  a  species  of  Salterella,  which  he  identified  as 
ISalterella  piilchella.  '  He  observes  that  the  Wiaooski  marble^  both  at 
Swauton  and  St.  Albans,  seems  to  nnderlie  the  Georgia  Blates,  and  he 
says : 

It  is  generally  of  a  reddish,  mottled  color,  bat  sometimes  gray  or  greeniah.  Tht 
limestone  at  the  StraiU  of  Belle  Isle,  in  which  S,  pulekella  is  foand,  is  alao  red,  gray, 
and  greenish ;  and  is,  I  liave  no  doabt,  of  the  same  age.  At  this  latter  locality  it 
overlies  a  red  or  brownish  sandstone,  conformably,  which  holds  SeolUkuM  linearii.  I 
consider  the  Belle  Isle  sandstone  to  l>e  the  **  Qnartz  rock  "  of  the  Qreon  Moaotains  of 
Vermont.  In  that  case,  the  limestone  at  Belle  Isle  occupies,  stxatigraphically,  the 
position  of  the  Stockbridge  limestone  as  represented  by  Dr.  Emmona  in  hia  American 
Geology,  part  2,  p.  19. ' 

Under  the  title  "Geology  of  Vermont,''  Prof.  0.  H.  Hitchcock  tabu- 
lates  the  formations  of  that  State.'  The  Potfidam  group  is  made  to 
inclnde  the  Red  Saudrock,  part  of  the  Hudson  Kiver  slate,  part  of  the 
Georgia  slate,  most  of  the  quartz  rock,  and  the  Potsdam  sandstone  of 
West  Haven.  Speaking  of  the  latter  he  says,  thoPobtdam  rocks  flank 
the  gneiss  upon  the  west  side  as  far  north  as  Middlebury.  He  farther 
observes  that  the  quartz  rock  is  probably  the  same  as  the  red  sandstone ; 
that  both  are  overlain  by  the  Levis^  limestone,  and  resemble  each  other 
very  much  near  their  supposed  union.  "  I  find  this  view  of  the  identity 
of  those  two  formations  confirmed  by  the  late  map  of  the  Canadian  sur- 
vey, published  in  1866." 

In  an  article  on  some  points  in  the  Geology  of  Vermont,  Dr.  T.  S. 
Hunt  states : 

It  bappouH,  then,  from  the  facts  already  set  forth,  that  the  Potsdam  formation, 
>vhich  at  its  outcrop  at  the  foot  of  the  Adirondacks  and  Lanrentidos  inclades  only 
from  300  to  700  fet^t  of  Handstone,  irt  represented  a  few  miles  to  the  eastward  by  not 
1«^HH  thftii  2,000  foot  of  doloinites,  sandstones,  and  slutos,  and  moreover  that  occnpy- 
in^  a  poRiiioii  between  the  calcifurouH  and  chazy  formations,  which  are  contignoos 
at  tlieir  oiiHtiTn  outcrop,  there  becomes  intercalat<?d  within  this  short  distance  afor 
silifcrous  f^roup,  several  thousand  feet  in  thickness.^ 

The  explanation  of  this  is  quoted  from  Logan's  opinion,  to  the  effect 
that  the  Potsdam  sandstone  accumulated  along  the  shore,  while  shales 
and  limestones  were  accumulating  to  a  greater  thickness  in  the  peeper 
water  of  the  adjacent  ocean.  In  summing  up  the  evidence  as  to  the 
age  of  the  roctks  of  western  Vermont  he  says : 

All  tlie  cvidt^nce,  paloontological  and  HtratiKraphical,  as  yet  brought  forward 
aHbrds  no  proof  of  th«  existonco  in  Vonnont  of  any  utrata  (a  small  spur  of  Lauren- 
tian  excepted)  lowor  than  the  Potsdam  formation,  which  the  present  advocates  of 
the  Taconic  system  rejrard  as  forming  its  .summit.  "  •  *  That  strata  still  older 
than  the  Pots<lam  of  New  York  and  Vermont  were  deposited  in  some  portions  of  the 
o(>eanic  area  is  a])parunt  from  the  existence  in  New  Brunswick  of  the  St.  John's 
slates  holdiujf  a  Primordial  fauna  older  than  the  Potsdam,  and  it  is  not  imx>o8sib1e 


*0p.  nit.,  p.  351.  «  Am.  Arboc.  Proc.  vol.  IG,  1867,  p.  120. 

•L»*vi8  KToiip,  incliidin};  tho  "  Eolian  limefltoiic-H,"  "Hudson  River  limoRtonoA.*'  and  tho  jn*6aterpor* 
tioD  of  the  Ci€K>rKia  nlato.    (Op.  clt.,  p.  130.) 
*0n  Houie  points  in  tho  f^eology  of  Venuunt    Am.  Jonr.  «cl.,  2d  aor.,  vol.  46,  1868,  p.  225. 
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that  their  equivalents  may  nnderlie  the  Potsdam  formation  of  Vermont.    No  snoh 
rocks,  have,  however,  as  yet  been  detected  in  either  Vermont  or  Canada. ' 

That  Dr.  JEIant  also  coufounded  the  typical  Potsdam  sandstone  of 
the  Adirondacks,  the  qnartzite  of  the  western  ba^e  of  the  Green  Moun- 
tains, and  the  Primordial  series  described  by  Murray  in  Newfoundland 
is  shown  by  his  statement  that  a  few  hundred  feet  of  typical  Potsdam 
sandstone  in  New  York  are  represented  in  Vermont,  Quebec,  and  New- 
foundland by  thousands  of  f^pt  of  strata  lithologicaUiy  very  unlike  the 
tyi>e.* 

In  1867  Pro£  0.  H.  Hitchcock  identified  the  Winooski  marble  of 
Vermont  as  the  Bed  Sandrock,  and  stated  that  Olenellus  tJiompsoni  and 
O,  vemiantana  occurred  in  the  superjacent  slaty  layers.^  In  the  same 
volume  he  presents  a  table  of  the  strata  from  the  Silurian  to  the  De- 
vonian, inclusive,  as  found  in  Vermont,  and  in  this  connection  he  says 
he  considers  the  Taconic  to  be  of  Lower  Silurian  age.  This  included, 
as  described  by  Emmons,  the  Georgia  slates/ 

At  the  time  of  the  presentation  of  the  two  foregoing  papers  by  Prof. 
Hitchcock  a  paper  on  the  Ked  sandrock  of  Vermont  and  its  relations 
was  read  by  Mr.  J.  B.  Perry .^  He  concluded  that  the  Ked  sandrock 
was  equivalent  to  the  Potsdam,  and  that  the  sedimentary  be<ls  below 
the  Potsdam  were  not  Utica  or  Lorraine,  but  belong  to  the  Primordial 
zone  of  Barrande.  The  Potsdam  is  considered  to  be  the  top  of  the 
Primordial,  not  the  base  of  the  Silurian.  In  the  table  of  formations 
the  Red  sandrock  or  Potsdam  is  placed  at  the  top  of  the  Ta(*.oi)ic  sys- 
tem, and  the  Taconic  slate  with  the  quartzite  limestone  or  conglomer- 
ate at  the  base.  The  following  year  the  same  author^  again  stated 
that  the  Bed  sandrock  was  of  Potsdam  age  and  not  Medina,  and  he 
subdivided  the  slates  below  into  the  Swanton  and  Georgia  series,  as 
older  than  the  Utica  slate,  referring  them  to  the  Primordial  of  Bar- 
rande. 

In  a  summary  of  the  Geology  of  Vermont,  by  Prof.  C.  H.  Hitehco(;k," 
published  in  connection  with  the  Geology  of  Northern  New  Enghmd, 
it  is  stated,  under  the  head  of  ^<  Potsdam  Group,"  that  it  includes  (1) 
black  slate,  or  part  of  the  "  Hudson  Biver  slate"  of  the  former  report 
of  the  Vermont  Survey.  (2)  Georgia  slate.  (3)  Red  Sandrock  and 
quartz  rock  at  the  base  of  the  Green  Mountains.  (4)  Potsdam  sand- 
stone, the  same  as  the  original  beds  in  New  York. 

M)p.  r.it.,p.229. 

•  On  t!i«  peology  of  eastom  New  England.    Am.  Jonr.  Sd.,  2d  sor.,  vol.  50,  1870,  p.  85. 

3  The  WinooHki  marble  of  Colchf^ster,  Vermont.    Am.  Assoc.  Proo.,  vol.  16, 1867,  p.  119. 

*  The  Geology  of  Venuont.    Am.  Abhoc.  Proc.,  vol.  16, 1867,  p.  122. 
^  Am.  Ahhoc.  Proc,  vol.  16, 1867, pp.  128-134. 

^QuerieHon  the  red  sandstone  of  Vermont  and  its  relations.    Boston  Soc.  Nat.  II ist.,  Proc.,  voL 
11.  186«,  pp.341-3ri3. 
'  Tlio  j^eolo^y  of  Vermont.    In  Geology  of  northern  New  England,  4to,  1870,  p.  2. 
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The  Red  Ranclroek  is  described  as  extendiug  from  St.  Armand,  prov- 
ince of  (Jiiehec,  to  Bridport,  Vermont. 

The  briglite«t  red  rocks  are  found  {ilong  the  westom  border ;  so  that  while  the  alli- 
ance of  the  red  rock  of  Burlington  and  the  qnartzito  of  Bennington  seeiiis  inoongrn- 
OU8,  it  is  otherwise  with  the  reddish  rocks  of  Monktou  and  the  brown  quartz  of 
Starksboro'  and  Bristol.* 

It  is  stated  that  the  name  Georgia  was  applied  to  the  groap  of  slates 
carrying  Olenellus.  It  was  then  supposed  that  the  slates  were  entirely 
distinct  from  the  sandstones,  bat  farther  investigation  has  shown  an 
iuterstratification,  with  the  presence  of  the  characteristic  trilobites 
throughout  the  beds. 

Of  the  '^  Granular  Quartz  "  on  the  western  slope  of  the  Green  Moan- 
tains  he  says: 

No  rock  can  be  more  distinct  from  all  others  than  the  qnartzite  fh>ni  the  State 
lino  north  to  Starksboro',  consisting  chiefly  of  pnre  vitreous  silica,  sometimes  hardly 
showing  a  sedimentary  composition.  •  •  •  The  gronp  makes  a  monntain  range 
thron<rhont,  some  of  the  peaks  exceeding  3,000  feet  in  height.  *  •  •  Au  abnii- 
dnncc  of  Scoliihus  linearia  appears  in  this  formation,  and  the  rook  was  referred  to  the 
P()t8(Iiiui  in  1841  by  H.  D.  Kogers  and  W.  B.  Rogers,  in  opposition  to  £.  Emmons,  wbo 
flul)8<u|ucntly  called  it  ^*  granular  quartz,"  lying  at  the  base  of  the  Taoonio  system, 
thouHunds  of  feet  below  the  former,* 

In  1871  Mr.  S.  W.  Ford*  published  an  account  of  a  section  of  rocks  at 
Troy,  New  York,  in  which  he  had  found  the  Olenellus  fauna.  In  1884, 
he  added^  a  description  of  a  section  near  Schodack  Landing,  south  of 
Troy,  in  Columbia  County,  New  York.  By  the  contained  fauna  the 
strata  were  correlated  with  those  described  by  Sir  William  Logan,  in 
Vermont,  Canada,  and  Newfoundland. 

Prof.  J.  D.  Dana,*  from  1872  to  1877  worked  out,  with  considerable 
detail,  the  stratigraphic  relations  of  the  "  Granular  Quartz,^  of  Berk- 
shire County,  Mass«aehusctts,  to  the  subjacent^Archeaii  and  the  suix^r- 
jaccnt  Silurian  limestone,  adding  many  details  to  the  general  outlines 
published  by  Messrs.  Eaton,  Dewey,  and  Emmons.  In  the  description 
of  the  (luartzite,  limestone,  and  associated  rocks  of  Great  Barrington, 
Berkshire  County,  Massachusetts,^  it  is  stated  that  the  qnartzite  of  Great 
Barrington  alternates  with  mica  schist,  and  that  both  of  the  rocks  for 
the  most  part  overlie  the  Stockbridge  limestone.  Of  the  Greeu  Moun- 
tain qnartzite,  Prof.  Dana  says:  ^  "  In  the  first  place  there  are  qnartzites 
of  more  than  one  age  in  New  England,  west  of  the  Connecticut  liiven"  A 

'  op.  fit.,  p.  3. 

'NotoH  on  llio  Prinionlial  rorka  in  tlio  vicinity  of  Troy,  New  York.  Am.  Jonr.  Sci.,  3d  «©r.,  vol  J. 
1871,  ])]).  :i'2  M.     Can.,  Nat.,  now  Her.,  vol.  G,  1K72,  pp.  20U-iirJ. 

2()u  llio  aijp  of  tlu^  gljizt«l  and  «'ontort<Ml  nlaty  mckx  in  tin*  vicinitj' of  Scbo<lack  Landin/;,  Ileiis«el«n 
Connly,  Now  York,     Am.  Jour.  Sri,  :{«l  hv.t.,  vol.  2H,  1884.  pp.  2<)6-li08. 

*(ircen  Mountain  goolijgy.  On  tlie  quartzitu.  Auj.Jjiur.  Sol.,  3d  ser.,  vol.  3,1872.  pp.  179-186,  2S^ 
256.  An  account  of  tlio  tliHr.ovoiicH  in  Ycrmout  jr<M»l(j;;y  of  tho  Rev.  Augustus  Winjj.  Am.  Jour. 
Sci.,  34l  KOI-.,  vol.  13, 1877,  pp.332  347,  405-419;  vol.  14.  pp.  3G-.37,  1877. 

'On  the  (luartx,  linu'.stono  and  associated  rockw  of  the  vicinity  of  Great  Barringtoii,  Berksbiic 
County,  Mn.SM.    Am.  Jour.  Sci.,  3d  ser.,  vol.  4,  1872,  p.  3(12. 

'Graen  Moantain  geology.    On  the  qaaitsite.    Am.  Jonr.  Sci.,  3d  sor.,  vol.  3,  1872.  p.  181. 
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Hblderberg  quartzite  exists  at  BernardstOD,  Massachasotts,  and  another 
quartzito  of  diffisrent  age,  aboat  3  miles  west  of  Plyinouthy  Yenuont, 
is  iutcrstratificd  with  gneiss;  and  then  there  is  the  great  qnartzite  of 
the  Green  Mountain  range,  whose  relation  to  the  qnart^ites  interbedded 
in  the  gneiss  is  unascertained.  <^  We  can  not  assnmei  therefore,  that 
this  last  IS  all  of  one  geological  age.''  After  examining  the  quartzite  of 
Canaan,  Connecticut,  he  was  led  to  the  conclusion  from  the  facts  observed 
that  the  quartzite  is  the  inferior  rock,  and  rests  uncouformably  beneath 
the  limestone.^ 

When  bnefly  presenting  some  conclusions  concerning  the  stratigraph- 
ical  structure  of  the  Cambrian  of  western  Vermont,  Prof.  C.  H.  Hitch- 
cock^ states  that  Dr.  EmmOns  believed  the  rocks  were  deposited  against 
the  western  base  of  the  Green  Mountains,  in  order  of,  first,  the  Granu- 
lar Quartz,  then  the  Stock  bridge  limestone,  and  lastly  the  various  slates 
which  were  capped  by  the  black  slates  holding  Oleiiellus.  The  report 
says  further : 

Prof.  Hitchcock  sngf^ested  as  a  better  theory  of  stractore,  that  sediments  were  fonuetl 
coiiteniporuuooiisly,  both  npon  the  Oreeu  Moantains  and  the  Adiroiiduck  side  of  the 
valley,  thus  makiDg  the  granular  qnartz  ou  the  east  side  of  tho  \  alleiy  of  th«  nuiiio 
age  with  the  Potsdam  sandstone  at  Whitehall,  N.  Y.,  and  else  where  west  of  Lake 
Champlain.  Next,  the  Calciferous  sandstone,  Levis,  Chazy.  and  Trentou  linistones, 
were  deposited  entirely  across  the  valley  and  by  nieauH  of  their  fossils  are  now  iduu- 
tiiiod  adjacent  to  both  the  qnartz  rock  and  the  typical  Potsdam  Handstontt.  Thirdly, 
the  limestones  are  succeeded  by  slates.  This  theory  of  orif^inal  deposition  ditfui-s  from 
that  of  Emmons,  in  supposing  that  sedimentation  was  being  cHectcd  both  on  the 
Green  Monutain  and  Adirondack  borders,  instead  of  on  the  former  ouly.^ 

In  summing  up  the  account  of  the  discoveries  of  Kcv.  Augustus  Wing 
in  Vermont  geology,  Prof.  Dana  says :  * 

The  Red  sandrock  on  the  west  of  the  Eolian  limestone — admitted  to  be  Potsdam  or 
Primordial  in  age— and  the  Quartzyte  on  the  oast  which  ofton  hhch  into  mountain 
ridges,  are  of  the  same  formation,  and  come  nearly  or  quite  together  in  Monktou,  on 
the  northern  limitft  of  the  limestone  area  (p.  414). 

The  quartzyte  of  the  eastern  range,  with  that  also  of  the  local  belts  in  the  Eolian 
limestone  area,  is  regarded  as  Potsdam  (or  Primonlial)  in  ago,  because  it  contains  in 
many  places  ScolUhi  (worm-burrows)  and  Fucoida  like  those  found  in  the  Potsilam 
oandstone;  because  also  it  adjoins  Calciferous  limestone  beds  at  the  localities  Just 
mentioned  in  North  Middlebury  and  New  Haven ;  and  because  it  Joins  the  Red  sand- 
rock  in  Monkton,  and  one  rock  has  in  many  places  the  character  of  the  other,  although 
not  commonly  alike  in  color,  and  showing  difl'erences  explainable  ou  the  ground  of 
the  greater  metamorphism  of  the  quartzyte.  **  In  Monkton,  the  Red  sandrock  and 
the  Qnart/iyte  meet  in  a  bUcccHsion  of  short  anticlinals,  thus  cutting  ofi'  to  the  north 
the  great  trough  or  synclinal;"  and  *'the  Red  sandrock  absolut^ily  <»verlieH  the  bedn  of 
Red  Handrock  in  one  anticlinal  and  the  quart/.yte  in  another  anticlinal,  and  hoth  holtl 
/ScoIithiiH  Untaris."  ^' 


'Op.cit.  p.  18a. 

'KeinarkH  on  tho  Btratigi'aphical  striictare  of  the  Cambrian  and  Canihro-Silnrinn  rockn  of  westom 
Yf^rmont.    Bonton  Soc.  Nat  ilist,  I*roc.,  vol.  18, 1875,  p.  191. 

'Op.cit,  p.  191. 

*  A  n  arcount  of  tho  dirtcoverieM  in  Vermont  ecology  of  tbo  Ker.  Augofltua  Wing.  Am.  Jour.  Sci.,  Sd 
ser..  vol.  i;{.  1877,  p.  414-416;  voL  14,  pp.  36-37. 

«Op.  oitp.416. 
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Dr.  T.  9.  Hunt,  in  1878,'  gives  an  historical  review  of  the  rocks  re- 
ferred to  the  Cambrian  and  Tacouic  nystemH  and  in  this  way  speaks  of 
tlie  "  Upper  Taconic"  and  refers  it  to  the  Cumbrian,  and  the  ^^Graua- 
lar  Quartz  "  to  an  Archean  system.  Again,  in  188:3,-'84,-'86,  he  weot 
over  the  same  ground,'  but  did  not  add  any  original  information  npon 
the  subject.  He  adopted  the  view  of  Prof.  Eaton  so  well  expressed  in 
the  section  of  1824,  and  bronglit  down  to  1886  the  erroneous  view  of  the 
unconformity  lietween  the  Calciferous  sandrock  and  the  Argillite.  To 
the  strata  which  Dr.  Emmons  included  in  the  Taconic  Ryatem,  in  1842, 
he  gave  the  name  Taconian,  referring  them  to  a  pre-Cambriaii,  Archean, 
grou])  of  rocks. 

In  a  paper  upon  the  colonies  in  the  Taconic  rocks  of  the  borders  of 
Lake  Champlain,^  Prof.  Jules  Marcou  gives  a  r^sum6  of  his  investiga- 
tions in  northern  Vermont  up  to  date.  In  the  vertical  section  aceom- 
psmying  the  geological  map,  the  Potsdam  sandstone  is  placed  at  the 
Humiuit  of  the  upper  Taconic  series,  and  then  in  order  below,  the  Swan* 
ton  schists,  Phillipsburg  group,  (leorgia  schists,  and  the  St^  Albans 
group.  On  sections  in  the  text  the  Potsdam  sandstone  is  represented 
as  unconformably  superjacent  to  the  Georgia  slates,  the  Phillipsburg 
group,  and  the  Swanton  schists,  and  the  St.  Albans  group.  A  general 
description  is  given  of  the  formations  as  interpreted  by  Prof.  Marcoo. 
As  now  known  the  Potsdam  sandstone  as  identifted  by  him,  is  the  Ked 
sandrock  of  the  Vermont  geologists,  or  the  arenaceous  magnesian  lime- 
stone of  Logan.  Its  stratigraphical  position  is  at  the  base  of  the  serieB 
described,  or  at  the  base  of  the  Lower  Cambrian  as  now  understood. 

A  series  of  geological  sections  across  Vermont  and  Now  Llampsbire 
by  Prof.  C.  H.  Hitchcock*  have  the  Ked  Sandrock  series  marked  as 
Potsdam  and  the  Georgia  shite  series  as  Cambrian.  Tlie  Granule 
Quartz  of  the  southern  portion  of  V^ermont  is  all  marked  PotSilam.  In 
the  text^  Prof.  Hitchcocjk  says  : 

ThiTO  baiulH  of  sandstone  tlierefore  .iro  rof«>n"0(l  to  tlio  Potsdam  in  the  Clianiplain 
vaUcy :  first,  tlio  norinal  ^ray  Hcdiiiiontary  beds  at  the  foot  of  the  Adimndacks. 
always  kiiowu  under  tliis  name  since  1840 ;  second,  the  tpiartzile  on  the  Hank  of  tlic 
Green  Mountains;  third,  a  ran^e  of  red  sandstone  and  dolomite  from  the  Canaili 
line  to  nridi)ort,  whore  it  is  succeeded  by  outcrops  of  a  niaterial  not  distiDgaiftb- 
able  from  tlie  tirst  named  band.  Partly  accompanyin<;  the  middle  baud  iB  a  8eriesof 
Blates  and  hard  sandstones,  passiu^j^  into  rooling  si al^^s  called  the  Georj^ia  group  iu 
the  State  report,  which  carries  such  fossils  as  Olcnellus  and  Anj^elina,  and  is,  ihere- 
fore,  thou<;ht  to  bo  somewhat  older  than  the  typical  Potsdam  sandstone. 

In  the  same  publication  Prof.  K.  P.  Whitfield^  states  it  to  be  bis 


•  S|M><'.ial  report  on  the  trap  dikcH  aud  azoic  rockn  of  H"utli(?rn  Ponusylvania,    2d  Geol.  Sur\-.  Pa..  E. 
1K78.  p.  253. 

•  'Tho  Taconio  qiioHtion  in  geology.    Mineral  Physiology  and  Physiography.     A  aecond  Hericv  of 
chomlcal  and  geological  cHHuyH.  \v-ith  a  general  introiltiction.     1886,  pp.  ril7-6HG. 

'Sur  lea  colonieM  dans  Ich  rocheH  taconiqneB  deb  hordM  du  lae  Chaniplaiu.    Soc.  g6ol.  France,  Bull. 
3»'  H6r,  vol.  D.  Is80,  pp.  18-46. 

*  Geological  Hectiona  acroaa  Vcnnont  and  New  llauipshiro.    Am.  Mua.  Nat  Uiat.,  Ball.,  vol.  1, 1881 
pp.  155  179. 

60p.cit.,p.  160. 

*Nntico  nf  HMUie  new  apoclea  of  Primonlial  fosHlln  in  the  collect  ionn  of  the  Mnaoum,  and  correcttoM 
of  provioualy  UeauribtMl  apeciea.    A.ui.M.UA.^a\,.\i'\^v.,V>\x\\.^No\.\^\'9i^^^.\.ia. 
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impressiou  that  the  New  York  typioal  Potsdnm  is  aboat  equivalent  to 
the  lower  portion  of  the  Wisconsin  series ;  and  that  the  Acadian  beds 
of  Canada  and  Vermont,  and  perhaps  the  other  Atlantic  areas,  are  not 
appreciably  different  in  age;  bnt  the  difference  in  fannsB  is  more  the 
resalt  of  conditions  upon  which  life  dei)ended  than  a  difference  in  time. 
This  generalization  of  Prof.  Whitfield  placed  the  ^  ^Granular  Qaaitz," 
^^Red  sandrock  "  or  dolomite,  Georgia  slate  and  the  Potsdam  sandstone 
of  New  York  and  the  Upper  Mississippi  Valley  in  one  geologic  horizon, 
the  equivalent  of  the  lower  beds  of  the  Mississippi  Valley  section. 

In  1888  Prof.  N.  H.  Wincheli  ^  correlated  the  **  Granular  Quartz  ^  of 
Emmons's  Taconic  system  with  the  Potsdam  sandstone,  and  mentions 
its  westward  extension  in  the  Mississippi  Valley.  In  another  paper^  he 
says  that  the  stratigraphical  relations  of  the  '^Grannfar  Quartz"  and 
the  Potsdam  of  New  York  are  the  same ;  that  the  fossils  are  cognate 
with  those  of  the  Bed  Sandrock  and  with  those  that  have  been  found 
in  the  Potsdam ;  that  the  Bed  sandrock  overlies  the  Georgia  uncon- 
formably,  and  that  the.stratigraphic  relations  of  the  Granular  Quartz 
and  the  Potsdam  sandstone  to  the  granite  are  the  same  as  those  of  a 
Primordial  quartzite  of  the  northwest  to  the  granite.^ 

In  summing  up  the  opinions  of  the  geological  position  of  the  quartzite 
on  the  eastern  border  of  the  limestone,  and  between  the  limestone  and 
the  Archean,  Prof.  J.  D.  Dana^  says  that  he  pointed  out  in  1872  that 
the  quartzite  formation  in  southeastern  Dutchess  County  lay  between  the 
limestone  and  the  adjoining  Archean,  and  the  same  also  occurs  in  other 
localitiew;  that  he  inferred  from  the  position  and  apparent  conforma- 
bilitj  that  its  age  was  Potsdam  or  that  of  the  lowest  beds  of  the  Lower 
Silurian  of  the  region ;  also,  that  there  is  a  quartzite  west  of  the  border  of 
the  limestone  that  overlies  the  limestone  conformably,  and  is  an  inde- 
pendent formation  and  newer  than  the  limestone.  In  his  stratigraphic 
con<!lusions  at  a  later  date^  the  Cambrian  quartzites  are  supposed  to  be 
those  immediately  adjacent  to  the  Archean  gneiss  and  equivalent  to 
the  Potsdam  sandstone,  while  those  that  occurred  at  a  horizon  above 
the  limestone  are  supposed  to  belong  to  the  Hudson  period. 

In  a  paper  on  "  The  Taconic  System  and  its  position  in  stratigraphic 
geology"  Prof.  Jules  Marcou^  tabulates  the  strata  referred  to  the  Taconic 
system  in  eastern  North  America.  In  this,  the  Saratoga  limestone, 
with  Dikellocepbalus  is  the  summit  of  the  series,  above  the  Red  sand- 
rock of  Vermont  and  the  Potsdam  sandstone  of  Keeseville,  New  York. 


*  A  yrwit  Priinonlinl  Quartzite.    Am.  Gcol.,  vjil.  1, 1888,  pp.  173-178. 

'Tlie  crvHtallino  rocks  of  Minnesota.  Geucral  roport  of  proj^ress  mode  in  theHtady  of  tboir  field 
rclatioDM.  Stat<mioiit  of  problems  yot  to  bo  Holvcd.  Gool.  aud  Nat.  Hist.,  Survey  of  Minn.,  17th  Ann. 
R»-p.  for  1888,  1SS9.  pp.  5-74. 

*Op.  oil.,  pp.  49,50. 

*On  Taronic  focUh  and  Htratigraphy.  witli  a  Keolo);{cal  map  of  the  Taconic  region.  Am.  Joar. 
Sri.,  :Jd  H«r.,  vol.29,  1885,  p. 209. 

'^On  Tiironic  rockH  and  Atr>iti;]^apliy,  with  a  geological  map  of  the  Taconic  regions.  Part  2.  The 
middle  and  northern  part.    Am.  Jour.  Sci.,  3d  ser.,  vol.  33, 1887,  pp.  408-409. 

•  Am.  Acad.,  Proc.,  vol.  20,  1885,  p.  224. 
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In  order,  lieluw,  comes  the  Swaiiton  slates,  and  the  Philliiwburgh  or 
I  Point  Levis  i^roup,  subjacent  to  which  arc  the  Georgia  slates  (or  Ole- 

{  nelluK  zone).    The  Paradoxides  zone,  the  Upper  Cambrian  or  ESophyton 

j  sandstone  of  (Ireat  Bell  Island,  Newfoundland,  and  the  Aspidella  and 

i  Arenicolites  slates  of  St.  John's,  Newfoundland,  are  assembled  ander 

the  name  *•  St.  Albans  group.'' 

In  this  table,  under  the  upiier  formations  or  '<  Potsdam  group,"  there 
are  brought  together  the  summit  of  the  Cambrian  (the  Saratoga  lime- 
stone) and  the  base  of  the  Oambriau  (the  Red  saudrock  of  Vermont), 
as  well  as  the  Keeseville  sandstone,  which  is  the  lower  portion  of  the 
Upper  Cambrian.  In  the  "  Swanton  slates  ^  (Trenton-Hudson  terrane) 
and  in  the  **  Phillipsburg  or  Poiut  Levis  group,"  we  have  the  Calcif- 
erous-Chazy  zone.  The  Eophyton  sandstone  placed  beneath  the  Georgia 
slates  and  the  Paradoxides  beds  is  the  equivalent  of  the  Saratoga  lime- 
stone pL'iced  at  the  summit  of  the  series.  The  Aspidella  and  Arenicol- 
ites slates  of  St.  John,  Newfoundland,  are  of  pre-Cambrian  age.  Thus 
the  lower  or  "  St.  Albans  group"  includes  pre-Cambrian,  Upper  Cam- 
brian, and  Paradoxi<les  zone  strata. 

In  an  article  on  the  Winooski  or  Wakefield  marble  of  Vermont,  Prof. 
O.  If.  IVrkins'  described  Kever.al  sections  of  the  strata  containing  the 
cinurries  worked  for  marble,  one  of  which  has  a  thickness  of  1,410  feet^ 
another  790,  and  another  710  feet,  lie  found  JSaltcrella  pulchella  in  the 
marble  beds  and  considered  the  series  to  l>e  of  Primordial  age. 

When  describing  a  section  in  the  Cambrian  formation  of  western 
Vermont  in  the  town  of  Georgia,  Franklin  County,  Mr.  O.  D.  Walcott* 
stated  that  the  section  consisted  of  a  massive  belt  of  limestone  1,000 
feet  in  thickness  subjacent  to  a  series  of  argillaceous  shales,  at  the  base 
of  which  tlieOlenellus  fauna  occurred,  lie  also  stated  that  this  sectiou 
includes  in  its  vertical  ranf^e  the  sections  above  and  below  Troy,  X.  Y., 
in  the  Hudson  Kiver  Valley,  and  those  of  ^Newfoundland  and  the  Straits 
of  Belle  Isle.  This  was  followed  in  the  same  year^  by  a  detailed  de- 
scription of  the  Georgia  section,  and  another  section  taken  near  the 
Canjulian  and  United  States  boundary  in  the  township  of  IIigh|?ate- 
At  this  latter  locality  the  lied  sandrock  scries  has  a  thickness  of  1,170 
feet;  the  Cleorgia  slates  a  thickness  of  1,000  feet.  A  list  of  the  fossils 
occurring  in  the  strata  is  given  in  the  tabulated  section.  Following 
the  nomenclature  projmsed  by  Sir  William  Logan,  the  Ked  sandrock 
series  and  the  Georgia  slates  are  referred  to  the  Middle  Cambrian  sub- 
jacent to  the  Potsdam  saiulstone  of  the  Adirondacks,  and  above  the 
Paradoxides  slates  of  New  Brunswick.*  In  the  same  year  he  deter- 
niinctl  by  paleontological  evidence  that  the  roofing  slates  of  Granville, 

'Am.  NatnralUt.  vol.19,  lR-*r>,  pp.  12R-I3fi. 

"ClaPMilit'sitioii  of  tJic  Cambria^ System  of  North  America. .  Am.  Jour.  Sci.,  3il  ser.,  vol.  32,  H»88^  p.  145. 
'Set'outl  rontiibution  to  tlio  studies  of  the  Cambrian  faniiaH  of  North  America.    U.  S.  Geol.  Surrey 
liiill.  N<».  :u».  1HXG,  pp.  11^-20. 
*Op.cit.,pp.C3,64, 
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Washington  County^  Now  York,  which  indndes  green  and  purple  slates, 
were  of  the  same  geologic  age  as  the  Georgia  slate.^ 

The  extension  of  the  ^'  Oranular  Qaartz  "  of  the  eastern  part  of  New 
York  into  Dutchess  County  was  described  by  Dr.  W.  W.  Mather'  as  it 
occurred  about  Stissing  Mountain.  He  refers  to  it  as  the  *<  Orauul.'ir 
Quartz "  and  Potsdam  sandstone.  Within  a  few  years  Prof.  John  O. 
Smock'  examined  the  geological  structure  of  the  mountain,  stating 
that  the  quartzite  was  unconformably  8ui>erjaceut  to  the  Archean 
rocks ;  and  that  no  fossils  had  been  found  in  it.  In  the  description  of 
the  Primordial  rocks  of  the  Wappinger  Valley,  by  Prof.  W.  B.  Dwight,* 
mention  is  made  of  the  quartzite  about  Stissing  Mountain,  as  well  as 
the  discovery  by  himself  and  Mr.  O.  D.  Walcott  of  Middle  ^  Cambrian 
remains  in  the  arenaceous  quartzite  and  limestones  on  the  flanks  of  the 
mountain.  It  is  thus  correlated  with  the  Olenellus  beds  of  the  Georgia 
series  of  Vermont. 

At  the  Ann  Arbor  meeting  of  the  American  Association  for  the 
AdTancemcnt  of  Science,  held  in  August,  1885,  Prof.  Dwight*  an- 
nounced the  discovery  of  fossiliferous  Potsdam  strata  at  Poughkeepsie, 
New  York.    He  says^ : 

Lithologically,  the  rock  is  liore  very  variable.  It  is  everywhere  caloareoiiH,  all  itii 
▼arietleB  elfervesciug  freely  with  acids.  It  is  also  everywhere  more  or  leus  arena* 
ceous,  often  conspicuously  so  ;  from  being  compact  aD<l  massive  it  changes  to  a  rock 
fissile  into  thin  slabs  or  to  one  splitting  into  the  thinnest  leaves,  which  are  covered 
with  locwe  sand  us  they  decompose. 

This  rock  passes  on  the  one  hand  into  a  smooth  iiue-graiued,  argillaceous  limestone, 
and  then  into  a  very  fissile  calcareous  shale  or,  on  the  other  hand,  into  a  quart/.ite, 
somewhat  calcareous. 

An  account  of  the  localities  at  which  the  rock  occurs  and  a  list  of 
eleven  species  of  fossils  are  given.  This  paper  was  published  more  in  de- 
tail in  the  number  of  the  American  Journal  of  Science  for  February, 
I8S0,  and  was  accompanied  by  a  map  on  which  the  geographic  distribu- 
tion of  the  Potsdam  and  related  strata   are  shown." 

Prof.  Dwight^  announced  in  1889  the  discovery  of  fossiliferoujs  strata 

»  Walcott,  (J.  D.    CAiiibriAii  af;«  of  tlio  roofing  slatea  of  Granvillo,  Wa^^hiiigton  County,  New  York, 
-^m.  Aanor.,  Proc.,  vol.  35, 1887,  pp.  2*20, 221.     (Advance  sbootA  palilislud  1886.) 

«  Katnral  Hist,  of  Now  York.     Part  1.    Goolopjy  of  New  York :  Geology  of  the  ttrst  (aouthoaflti'in) 
<1  intrict.    AlUmy,  1n43,  pp.  418, 423, 430, 437. 

*A  grologicnl  recoiiiioisRancti  in  the  cryatalline  rock  region,  I)nt<;hefia.  Patnam,  and  WeHtchcster 
ouiitioH,  New  York.    Thirty-ninth  Ann.  Rep.  State  Mas.  NaL  IliHt.,  1886.  pp.  10^185. 
♦Primordial  tocUh  of  tlie  Wappinger  Vallej'  liracHtonen  and  jw«ooiatnti  strata.     VoHHar  Krothera 
xiBt.,  Trana  .  vol.  4.  18K7,  pp.  20G  214.    T)i(icovory  of  additional  foH^iliforous  PotMifani  Htratii  and  pitv 
otadani  Htr.ita  of  tlie  OlfiielluH  group  u«.Jir  Poughkeepsie,  N.  Y     Am.  Jour.  Sci.,  3d  ser.,  vol.  34, 1887, 
p.  27  32. 
•Now  clasRi'd  a.<i  Lower  Cambrian. 

•  Disrovcry  of  fosBiliferoua  Potmlam  Htrata  at  Poughkeepsie,  ^.Y.,  Am.  A aaocProc,  vol  34,  1888, 
:B).20I  200. 
'Op.cit.,p.205. 

'Recent  ex ploratiouB  in  the  Wappinger  Valley  limestone  of  Dutcliesa  County,  N.  Y.,  No. 5.  Dis- 
"^very  of  foBHiliferous  Potadiim  strata  at  Poughkeepflie,  N.  Y.  (illustran^d  by  map,  Plato  vi).  Am. 
•^nr.  Sci.,  3d  ser.,  vol.  31,  18SC,  pp.  12.5-133.  Primordial  rocks  of  i]u^  Wappinger  Valley  limestones 
^•♦Har  Brothers'  Inst  Trans.,  vol.  4, 1887,  pp.  1.10-141,  Plate  1. 

^4H:ont  explurutiouH  in  the  Wappinger  Valley  litncstoncs  and  other  formations  of  DutchQAt^O^AXC^^^ 
-  i"«    Am.  Jour.  Se.i.,  M  aer.,  vol.  38, 1880.  pp.  i:i0-153. 
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of  the  Paradoxidea  zone  at  Stissiiig,  Dutchess  County.  In  the  lime- 
stone and  calcareous  sliale  immediately  overlying  the  OlcneUus  lime- 
stone, at  tlie  south  end  of  Stissiug  Mountain,  he  discovered  a  fauna 
that  is  correhUed  with  the  Middle  Cambrian  or  Paradoxides  fauna, 
thus  establishing  the  middle  member  of  tiie  Cambrian  system  in  addi- 
tion to  the  Lower  Cambrian  and  Up])er  Cambrian  that  had  been  pre- 
viously found  in  this  region.  A  plate  illustrating  the  faana  accom- 
panies the  paper. 

In  1887  Mr.  C.  D.  Walcott^  published  a  description  of  the  &anaof 
the  Upper  Taronic  of  Emmons,  of  Washington  County,  New  York.  In 
this  a  stiitement  of  the  stratigraphic  position  of  the  fauna  was  made, 
based  on  the  correlation  with  the  fauna  of  the  Georgia  slates  of  Ver- 
mont. This  was  followed  in  1888  by  an  account  of  the  discovery  of 
fossils  in  the  G  ranular  Quartz  near  Bennington,  Vermont.'  The  discovery 
WHS  further  described  in  a  paper  which  followed  on  the  Taconic  system 
of  Emmons,^  where  an  account  is  given  of  the  mode  of  occurrence  of 
the  '^Granular  Quartz''  in  western  Massachusetts  and  Vermont.  The 
quartzite  is  referred  to  the  Middle  (now  Lower)  Cambrian  zone,  of  which 
the  Olencllus  bearing  shales  of  the  Georgia  section  are  the  type.  A 
description  is  given^  of  the  slates  and  shales,  and  it  is  stated  the  forma- 
tions of  the  Upper  Taconic  have  a  thickness  of  14,000  feet.  In  these 
the  Olenellus  fauna  occurs  more  or  less  abundantly  at  various  horizons. 
An  examination  of  tlie  sections  and  the  fauna  of  the  '<  Granular  Quartz" 
and  "Taconic"  shales  and  shites,  shows  that  the  former  is  stratigraphically 
and  fiiunally  the  equivalent  of  the  ui)per  part  of  the  latter ;  while  the 
"(iranular  (Quartz"  is  a  sandy  deposit  of  the  shore  line,  and  the  shales  and 
slates  the  olVsliore  ac.cuniulation  of  sediments.  On  the  map  acc4Ma- 
panying  this  [)aiK*r  tiie  ;»cograpincdistiibutiunof  the  "Granular Quartz," 
the  "Ked  sandruck ''  of  Vermont,  and  the  (leorgia  slates  and  their  south- 
ward extension  as  the  Taconic  slates  is  represented. 

In  a  tabular  view  of  the  American  Classilication  and  Nomenclature, 
l)ublished  in  1 888,  by  IMof.  Jules  Marcou,-'  the  Taconic  system  is  divided 
into  ui)per,  middle,  and  lower  divisions.  In  the  upper  division'  the 
Potsdam  sandstone,  Swanton  slates,  rhiilii)sburg  and  Point  Levis  for- 
mations are  included.  The  middle  division  includes  the  Georgia  for- 
mation and  the  St.  John  or  l*aradoxides  zone,  of  New  Brunswick,  of 
Braintree,  Massachusetts,  and  of  St.  Mary's  Bay,  Newfoundland.  In 
the  lower  division  are  the  Cliuar  and  Grand  Canon  formations  of  the 
Grand  Canon,  Ari/.ona,  the  sandstones  of  Great  Bell  Island,  and  the 
slates  of  St.  John's,  Newfoundland.    The  confusion  in  this  table  is  not 


'  Fuuiia  of  tlu*.  "l.']i])or  Taconic''  of  Kiiiiuon8,  in  >Va8hiu;;toii  County,  New  York.  Am.  Jour.Sci.,9d 
wr.,  vol.  34, 1J«7,  i)i».  l.-^T-lUa. 

-  DiHooviMv  of  fiMMJlH  hi  the  Lower  Taroiiic  «»f  RminoiiA.     Am.  As-wc,  l*n>c.,  vol.36, 1888,  pp.  212.213. 

"•Thti  Taconit!  Systoiii  of  Eininous  and  tho  u«e  of  Iho  name  Taroiiic  in  geologic  nomenclature.  Am. 
Jour.  Sri., :{(!  Horii-H.  vol,  'Aft.  Iti88.  pp.  229  242,  307-327,  3iH  401. 

M)p.  cit.,i>p.24l,  242. 

*  American  Gefilogieai  (ylatisiticutiou  and  Nomenclature.    Cambridge,  1888,  p.  7& 
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as  great  as  that  of  the  1885  paper.  The  Swanton  slates,  of  Hudson 
age,  and  the  Phillipsborgh  and  Point  Levis  formation  of  Calciferous 
age,  are  placed  with  the  Potsdam  sandstone ;  while  in  the  Lower  Ta- 
conic  we  find  the  sandstones  of  Great  Bell  Island,  which  are  the  geo- 
logic equivalent  of  the  Potsdam  sandstone. 

Dnring  the  summer  of  1888  Mr.  0.  D.Walcott  visited  Newfoundland 
and  studied  1  a  section  on  Manuel's  Brook,  Conception  Bay,  that  extends 
from  the  Archean  gneiss  up  to  the  Olenellus  and  Paradoxides  zones. 
In  this  unbroken  section  it  was  found  that  the  Olenellus  fauna  occurred 
at  the  base  and  the  Paradoxides  fauna  above.  This  necessitated  a 
revision  of  the  classification  of  the  Oambrian.  The  Lower  Cambrian 
with  the  Olenellus  fauna  is  at  the  base;  next  the  Middle  Cambrian 
with  the  Paradoxides  fauna,  and  lastly  the  Upper  Cambrian  or  Potsdam 
zone,  at  the  summit  of  which  the  Dikellocephalus  fauna  occurs.  This 
correlation  places  the  ^'  Bed  Sandrock  "  series,  the  Georgia  shale  and 
slate  series,  the  ^'  Granular  Quartz,"  and  the  '^  Upper  Taconic  "  of  Em- 
mons beneath  the  Middle  Cambrian  or  Paradoxides  zone  of  the  Atlantic 
coast. 

In  a  paper  on  the  fauna  of  the  Olenellus  zone'  a  brief  historical  re- 
view is  given  of  the  rocks  referred  to  the  Olenellus  zone  in  Vermont 
and  eastern  New  York,  and  also  an  account  of  the  sections  and  the  dis- 
tribution of  the  fauna. 

In  a  pai)er  read  before  the  Geological  Society  of  America,  December 
30,  1890,  Dr.  J.  E.  Wolff  noted  the  discovery  of  fossils  of  supposed 
Lower  Cambrian  age  in  the  limestones  of  the  East  Rutland  Valley,  Ver- 
mont. The  limestones  rest  conformably  upon  the  basal  quartzite  car- 
rying the  Olenellus  fauna.' 

Fotsdum  sandstone, — The  Potsdam  sandstone  of  the  Adironda(*.k  area 
appears  only  in  a  few  small  outcrops  in  Vermont  and  eastern  New  York. 
According  to  Prof,  C.  H.  Hitchcock,  there  are  three  different  localities 
in  Vermont:*  near  the  Lake  Champlain  shore  in  West  Haven,  Orwell, 
and  the  east  part  of  Shoreham,  in  the  counties  of  Addison  and  Eutland. 
There  were  none  of  these  of  sufficient  importance  to  be  indicated  on  the 
map  of  1877.  The  outcrops  in  eastern  New  York  are  practically  a  con- 
tinuation of  the  Vermont  exposures.  Tbey  occur  in  the  vicinity  of 
Whitehall,  New  York,  and  south  to  Fort  Ann,  Washington  County. 

In  the  review  of  the  references  made  to  the  "  Ked  Sandrock  "  series 
of  Vermont,  frequent  mention  has  been  made  of  its  correlation  with  the 
Potsdam  sandstone  as  well  as  of  the  correlation  of  the  ^<  Granular 
Quartz"  with  the  Potsdam  sandstone  of  the  Adirondack  area.  As  now 
known,  these  two  belong  to  distinct  geological  horizons,  as  claimed  by 


>  The  BtTfttigrapbical  Buocession  of  the  Carabrian  fanuaa  of  North  America.    Nature,  vol.  38, 1888,  p. 
661. 

*  Waloott, C.  D.  The  fanna  of  the  Lower  Cambrian  or  Olenellns  zone.    10th  Ann. Rep.  U.S. Geolog- 
ical Survey,  1890,  pp.  .lOS-Tes. 

*  Boll.  Geol.  Soa  America,  vol.  2, 1891,  pp.  334-387. 

^Hjpoxoic  and  Paleozoic  rooks.   Report  on  the  i;eolo^  of  Yermont,  voL  1, 1861,  p.  ]65i. 

Ball.  81 8 


114  TUE   CAMBRIAN.  (bullb. 

Dr.  KinnioiiH  in  1842.  As  the  typical  Potsdam  sandstone  in  this  du- 
trict  is  kiu  extension  of  the  sandstone  of  the  Adirondack  sub-area  within 
its  borders,  the  review  of  Its  literature  will  be  united  with  that  of  the 
typical  Potjsdam  of  the  Adirondack  district. 

The  occurrence  of  the  Upper  Cambrian  or  Potsdam  zone  as  distinct 
from  the  Georgia  slate  and  '^  Bed  Sandrock,"  is  spoken  of  in  the  de- 
scription of  the  section  crossing  the  town  of  Georgia,  Vermont,^  where 
mention  is  made  of  the  discovery  of  a  fauna  closely  related  to  that  of 
the  Ui)per  Cambrian.  This  is  the  same  liorizon  referred  to  on  page  IT, 
par.  14. 

In  a  description  of  a  section  crossing  the  typical  Taconic  area  of 
eastern  New  York  and  western  Massachusetts  by  Mr.  0.  D.  Walcott,* 
the  typical  Potsdam  sandstone  is  not  recognized.  It  is  stated  that  cer- 
tain shales  designated  as  Terrane  No.  2,  may  represent  the  Potsdam 
terrane,  or  it  may  be  represented  by  the  lower  part  of  the  limestones 
of  Terrane  No.  3,  or  the  upper  part  of  the  Quart-zite  of  Terrane  No.  L 

CANADIAN  KXTKN8ION. 

The  Canadian  extension  of  the  Northern  Appalachian  District  is  from 
the  United  Stiites  boundary  northeast  to  the  vicinity  of  Point  Levis, 
Quebec,  on  the  western  side  of  the  extension  of  the  Green  Mountain  or 
Sutton  .viouutain  anticlinal,  and  from  Quebec  down  the  south  shore  of 
the  »St.  liawrence  Kiver  to  Oaiie  Rosier,  Gasi)e.  On  the  eastern  sideof 
the  anticlinal  the  supposed  Cambrian  rocks  of  New  Hamjishire,  crotss- 
ing  the  southeastern  ])ortion  of  the  province  of  Quebec,  to  the  Maine 
boundary,  are  also  included. 

Tiie  lirst  noliro  of  the  rocks,  subsequently  referred  to  the  Camhiian 
in  the  vicinity  of  Quebec,  was  by  Dr.  J.J.  Bigsby.^  lie  divided  the 
strata  into  three  series.  First,  the  slaty  series,  composed  of  slates  and 
grauwacke,  occasionally  ])assing  into  a  brown  limestone,  and  alternat- 
ing with  calcareous  conglomerate  in  beds,  some  of  which  are  charged 
with  fossils;  second,  the  limestone  series;  third,  gneiss.  In  the  beds 
of  this  conglomerate  on  the  south  side  of  the  St.  Lawrence  be  noticed 
I  lie  presence  of  trilobites,  encrinites,  corallines,  and  other  fossils.  He 
(H)nsidered  them  above  the  supposed  eciuivalent  of  the  Carboniferoas 
limestone  of  the  English  geologists. 

In  his  description  of  the  succession  of  the  strata  at  Montmorenci 
Falls,  Dr.  E,  Emmons  states  that  the  rock  forming  the  falls  is  a  gneiss, 
and  in  the  ligure  illustrating  the  secition  the  Potsdam  sandstone  isshowu 
resting  unconfonnably  upon  the  gneiss  and  subjacent  to  the  Trentou 
limestone,  but  with  a  conglomerate  between  it  and  the  Trenton  lime- 
stone.'*    lie  subsequently  correlated  the  sandstones  that  are  extensively 


•  WaliMitt,  (.'.  1>.  Si-coinl  fciiitrib»tioii  to  tlio  studies  of  tlio  ( -ainlu  ian  faniin8  of  North  Arai^rica.  U.S. 
(leol.  Survr\ .  Hull.  .No.  :;0. 18SG.  p.  li). 

'Tim  Taconir  Sj"Ht«Mn  of  Kuuiioiik  and  tin;  use  of  tbo  namo  Tju'.ouio  in  Geologic  uoinouolature.  Am. 
Jour.  Sci.,  3il  H^^^.,  vol.  35,  ISSS,  i>.  'J40. 

•On  tlio  ;iC'ol<)i:y  of  QuobtM*.  and  vicinity.     I'roc  Gtol.  Soc,  London,  vol.  1,  1827,  p.  37, 

•Geology  of  tbo  Montmorenci.    Tbc  American  Magazine,  vol.  1, 1841,  p.  148. 
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used  iu  the  coustruction  of  baildings,  both  public  aud  private,  and  in 
the  fortifications  of  Quebec,  with  the  gray  sandstone  terminating  the 
Lorraine  section  of  Jefferson  Oounty,  New  York.^  These  sandstones 
were  subsequently  named  the  Sillery  sandstones  by  Sir  W.  E.  Logaui 
who  at  first  followed  the  correlation  made  by  Dr.  Emmons,  and  referred 
them  to  the  Lorraine  shales  or  Hudson  Biver  group. 

In  the  report  of  progress  for  1843,  of  the  Geological  Survey  of  Canada,' 
an  account  is  given  in  a  very  general  manner  of  an  exploration  by  Sir 
W.  E.  Logan  of  the  rocks  on  the  south  shore  of  the  lower  St.  Lawrence, 
near  Cape  Eosier ;  and  they  are  further  described  in  the  report  for 
1844,  as  seen  from  Cape  Chat  toward  Cape  Eosier,  going  down  the  river. 
This  is  followed  in  the  report  for  1847-48^  by  a  description  of  the  rocks 
of  the  extension  of  the  Green  Mountains  into  Canada,  and  the  strata 
upon  the  west  which  are  now  snpposed  to  be  of  Cambrian  age.  They 
were  then  referred  to  the  Hudson  Eiver  group,  with  the  i>ossible  addi- 
tion of  the  Shawangunk  conglomerate.  In  their  extension  it  is  stated* 
that  these  recognized  rocks  of  the  Hudson  Biver  group  have  a  con- 
tinuous run  from  Lake  Champlain  along  the  south  bank  of  the  St. 
Lawrence  to  Cape  Hosier. 

In  a  report  on  the  rocks  on  the  south  side  of  the  St.  Lawrence,  in  the 
report  of  progress  for  1849-'50,*  a  preliminary  description  is  given  of 
five  masses  of  rock  met  with.  They  include  the  dark  gray  slates,  gray, 
green,  and  occasionally  red  shales,  hard  sandstones,  and  a  red  and  green 
shale  that  were  subsequently  largely  referred  to  the  Quebec  group  by 
Sir  Wm.  Logan,  and  now,  in  part,  to  the  Cambrian  by  Dr.  K.  W.  Ells. 
In  a  report  for  1852-'53  ^  a  description  is  given  of  the  strata  on  the  north 
shore  of  the  St.  Lawrence  between  Cap  Bouge  Biver  and  Quebec.  At 
the  base  there  is  a  succession  of  hard,  sandy  layers,  witli  softer  shales 
that  extend  along  the  river  shore  for  some  distance,  and  tiien  thick 
beds  pf  sandstone  separated  by  thinner  bands  of  red  aud  green  shales. 
The  red  and  green  shales  have  a  great  thickness  further  down  the  river. 
Mr.  Logan  says  that  it  would  be  hazardous  to  pronounce  with  confi- 
dence what  it  is,  from  the  probably  contorted  condition  of  the  strata.  In 
regard  to  the  sandstones,  however  (supposed  to  represent  theOneidacon- 
glouierate),  no  folds  have  been  detected.  They  are  thought  to  be  about 
900  feet  in  thickness.  This  is  the  first  preliminary  description  of  the 
sandstones  and  shales  that  were  subsequently  referred  to  the  Lauzon 
and  Sillery  series  of  the  Quebec  group.' 


■  (ieology  of  New  York,  part  2,  oomprisiiig  the  aurvey  of  tho  2(1  j;eoIogical  (northern)  diotrict.  1842, 
p.  125. 

'  [  Acoonnt  of  the  general  structure  of  an  extended  area  in  North  America.]  Geological  survey  Canada, 
report  of  process  for  1843.    1845,  pp.  6-18  [Documentary  Edition.] 

■I-,oj;an,  W.  E.  Geological  survey  Canada,  re]>ort  for  progress  1847-'48.  1849,  pp.  2-17  [Documen- 
tary Edition.] 

*Op.  cit.,  p.  17. 

*  Logan,  W.  E.  [Report  on  rockH  on  sonth  side  of  the  St.  Lawrence.]  Gooloixical  Hurvey  Canada, 
report  of  progress  for  184U-'50.     Toronto.  1850.  pp.  32  33. 

<Lof;au,  W.  E.  [Exploration  on  the  north  side  ui'  the  8t.  Lawrence,  between  Montreal  aud  Cape 
Toarmente.J    Geological  survey  Canada,  report  of  pro^ronu  for  18o2-'53, 1854,  w.  5-14. 

'Op.  cit,  p.  34. 
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Dr.  J.  J.  Bigsby,'  in  describing  the  geology  of  Quebec  and  its  en- 
virons, states  that  the  Potsdam  sandstone  ouly  occurs  distinctly,  sis  far 
as  yet  known  in  the  neighborhood,  at  the  Falls  of  Moutmorenci ;  but 
at  Jeune  Lorette  there  are  traces  of  it.    He  says  that — 

Tbo  sandstone  of  Montmoronci  has  been  unhesitatingly  declared  to  repTenent  the 
Potsdam  rock  by  the  New  York  State  ^eol ovists,  as  woH  as  by  Sir  Charlect  Lyell  and 
Mr.  Logan.  With  these  high  authoriticH  I  have  only  to  concur.  Its  geological  posi- 
tion is  that  of  the  Potsdam  sandstone ;  but  its  aspect  and  mineral  condition  are  very 
different  from  that  of  Lake  Superior  and  of  the  Thousand  Islands,  near  Kingston, 
Upper  Canada.^ 

In  describing  the  geology  of  the  Falls  of  Montmorenci,  he  says : 

The  sandstone  is  plentiful  on  the  east  bank  of  the  river  above  the  bridge,  and  is  a 
yard  or  more  thick,  as  well  as  on  the  west  bank  both  above  and  below  the  bridge ; 
the  plaue  of  contact  with  the  enclosing  rock  being  clean  and  abrupt.  It  is  white, 
'brownish  red  or  bright  green,  in  well  defined  layers.  Bowlders  of  the  gneiss  occur 
init.3 

A  section  is  introduced  in  which  the  Potsdam  sandstone  is  repre- 
sented as  beneath  the  Trenton  limestone,  and  with  the  latter  resting 
unconformably  against  the  gneiss.  It  is  stated  that  the  Potsdam  sand- 
stone at  this  place  has  not  yet  been  found  to  contain  organic  remains. 

Dr.  Bigsby  described  the  north  shore  of  the  St.  Lawrence,  from  Quebec 
to  Cap  Bouge,  as  consisting  of  frequent  alternations  of  gritty  gray 
sandstone,  and  red,  brown,  and  black  clay  shale.  On  the  south  side  of 
the  St.  Lawrence,  near  Point  Levis,  the  rocks  are  stated  to  be  formed  of 
minute  alternations  of  clay-slate,  coarse  sandstone,  calcareous  and  other 
conglomerates  that  were  met  with  ou  the  north  side  of  the  river.* 

Ill  the  report  of  progress  for  1852-'5;3,  published  in  1854,  Sir  W.  E. 
Logfiu^  describes  the  red  and  green  shales  and  green  sandstones  fi-om 
Cap  liouge  to  Quebec,  considering  them  to  belong  to  the  Hudson  Kiver 
group  of  the  New  York  section. 

In  a  description  of  the  Silurian  rocks  of  the  environs  of  Quebec,  the 
same  writer^  states  that  the  only  exposure  of  the  Pot«dam  formation  in 
the  vicinity  of  Quebec  is  at  Lorette,  where  the  sandstone  is  7  metres  in 
thickness  and  without  the  fossils  which  characterize  the  formation  iu 
other  parts  of  Canada.  The  shales  and  sandstone  of  the  Sillery  forma- 
tion are  stated  to  correspond  to  the  conglomerates  of  the  Oneida  for- 
mation of  the  Kew  York  geologists.  This  same  view  was  expresscnl  in 
the  geological  essay  prepared  for  the  Paris  Exposition  of  1855  by 
Messrs.  Logan  and  Hunt. 

From  the  collections  of  fossils  made  by  the  Geological  Survey  of  Ca- 
nada at  Point  Levis  during  the  years  185C-'57,  Mr.  E.  Billings,  paleon- 


H)n  the  ;;i'ol<)py  of  Quebec  and  itH  enviroim.     Qiuirt,  .Four.  Gool.  Sor.,  vol.  9, 1853,  pp.  82-iOl. 
«0p.  rit..  p.  84.  ^  30p.  til.,  p.  88.  H)\*.  cit.,  pp.  M,95. 

•(Ex]»loratioii  on  the  north  8i<l«  of  the  St  Lawrt-nre,  between  Montreal   and  Cape  TonrmeDt«L) 
Geol.  Siirv.  ('anartn.  report,  progress  for  1852-'53, 1854,  pp.  33, 34. 
'{Sur  Iu  I'urmatiou  uUunque  Uos  onvirons  de  Qa6bcc.)    Soc.  gcol.  France,  Bull.,  2*  s6r.»  vol.  12,  1&, 
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tologist  of  the  survey,  decided  that  the  rocks  there  and  those  which  had 
beeu  associated  with  them  by  Sir  William  E.  Logan  belonged  at  the 
base  of  the  Lower  Silurian  and  not  at  the  summit^  as  had  hitherto  beeu 
held.  These  conclusions  were  announced  by  Logan  in  a  letter  to  Mons. 
J.  Barrande  published  in  1860.^  In  this  letter  the  whole  Quebec  group, 
from  the  base  of  themagnesian  conglomerate  with  their  accompanying 
magnesian  shales,  to  the  summit  of  the  Sillery  sandstone,  is  stated  to 
have  a  thickness  of  porhaps  from  five  to  seven  thousand  feet.  It  ap- 
pears to  be  a  great  development  of  strata  at  about  the  horizon  of  the 
Chazy  and  Calciferous  of  the  New  York  section. 

lie  says  he  is  not  prepared  to  state  that  a  typical  form  of  the  Pot-s- 
dam  sandstone  is  present  where  the  shales  are  in  greatest  force. 

Neither  ami  prepared  to  assert  its  absence,  as  there  are  in  some  places  maesoR  of 
granular  rpiartzitti,  not  far  removed  from  the  magnesian  rocks  of  the  Quebec  group, 
which  rorpMro  farther  investif^ation ;  but,  from  finding  wind-mark  and  ripple-mark 
on  closHly  Hucceeding  layers  of  the  Potsdam  sandstone  where  it  rests  immediately 
npon  the  Lauren tian  series,  we  know  that  this  arenaceous  portion  of  the  formation 
must  have  been  deposited  immediately  contiguous  to  the  coast  of  the  ancient  Silurian 
8oa,  where  part  of  it  was  even  exposed  at  the  ebb  of  tide.  Out  in  deep  water  the  de- 
posit may  have  been  a  black,  partially  caloareons  mud,  such  as  would  give  the  shales 
and  limestones  which  come  from  beneath  the  Quebec  group. 

In  Canada  no  fossils  have  yet  been  found  in  these  shales,  but  the  shales  resemble 
those  in  which  Oleni  have  been  found  in  Georgia  (Vermont).  These  shales  appear  to 
be  interposed  between  eastward  dipping  rocks  equivalent  to  the  magnesian  strata  of 
the  Quebec  gronp,  and  they  may  be  brought  up  by  an  overlapping  anticlinal  or  dis- 
location. We  are  thus  led  to  believe  that  these  shales  and  limestones,  which  may  be 
subordinate  to  the  Potsdam  formation,  will  represent  the  true  Primordial  z(me  in 
Canada.^ 

In  18G3  Sir  Wm.  E.  Logan  published  his  great  r6sum6  of  the  work 
done  by  the  Geological  Survey  of  Canada  from  its  commencement  to 
1863.^  He  describes  the  northward  extension  of  the  Georgia  series 
andEedSandrock  of  Vermont  into  Canada,  stating  that  they  had  been 
traced  but  a  short  distance  when  they  become  faulted  out  and  replaced 
by  a  later  formation/ 

The  Sillery  shales  and  sandstones,  as  well  as  the  conglomerate  beds 
of  Point  Levis,  Quebec,  are  described  in  detail  and  assigned  to  <about  the 
horizon  of  the  Calciferous-Chazy  formations  of  the  New  York  section. 
The  Levis  and  Sillery  formations  are  referred  to  the  Quebec  group,  and 
the  latter  series  is  traced  south  west  ward  along  the  western  base  of  the 
Sutton  Mountain  range.  The  Levis  formation  is  divided  into  seventeen 
parts,  consisting  of  alternating  calcareous  shales,  argillaceous  shales, 
limestone  conglomerate,  and  gray  sandstone.  The  upper  beds  consist  of 


*  Logan,  "W.  K.  KomarkH  ou  tlie  fauna  of  the  (^nobeo  gronp  of  rockn  and  the  Primordial  zono  of  Can- 
tida.  Canadian  Nat  nralist,  vol.  5, 1860,  p.  475;  vol.  6, 1881,  pp.  lue-l  20 ;  Am.  Jour.  Sci.,  2d  .sor.,  vol.  31, 1861 . 
pp.  21&-2'J0.  RvniarquoA  nnr  la  fauno  dea  rochea  da  groupe  do  Qn6bec  et  Hur  la  zono  priiuordiulo  da 
(.'anada,  Soc.  giH)l.  1«Yanoo,  iioll.,  2*  ni^r.,  vol.  18^  1861,  pp.  809-314. 

*Ani.  Jour.  Sci.,  2d  ser.,  vol.  31,  p.  219. 

*  Geological  Survey  of  Cana4la,  Report  of  progroM /h>m  its  commencement  to  1863.  Montreal,  1863, 
Pp.083. 

«Op.oit,  p.  285. 
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red  and  green  shales  with  thin  layers  of  gray  sandstone  or  quartzite  in 
which  Lingnla  and  Obolellawere  found*  At  the  sammit  of  the  red  and 
green  shales,  interstratified  sandstones  appear  and  sacceed  the  shales, 
with  a  thickness  of  about  2,000  feet,  forming  the  Sillery  division  of  the 
Quebec  group  (p.  232).  Subsequently  he  ^  divided  the  Quebec  group 
into  three  parts :  Levis  or  lower;  Lauzon  or  middle  ;  and  Sillery  or  up- 
per. The  Lauzon  or  middle  division  embraces  the  red,  green,  and  pur- 
ple slates  of  the  section  above  and  below  Quebec  and  on  the  island  of 
Orleans.  The  only  fossils  known  were  OboUUa  pretiosa  and  fragments 
of  Lingula.  The  sandstones  and  accompanying  shales  of  the  original 
Sillery  were  referred  to  the  Sillery  or  upper  division  with  the  exception 
of  those  separated  to  form  the  Lauzon.  The  Levis,  or  lower  division, 
was  distinguished  by  its  yellow,  dark  and  black  shales  and  the  presence 
of  numerous  graptolites  and  Oalciferous-Ohazy  fossils. 

(Jp  to  this  time  none  of  the  rocks  of  the  Quebec  group  had  been 
referred  to  the  Cambrian  system,  or  to  an  equivalent  formation,  beneath 
the  Cfilciferous  zone  of  the  New  York  series.  Messrs.  Billings,  Hall, 
and  Barraude  spoke  of  the  Primordial  character  of  some  of  the  fossils 
of  the  Point  Levis  conglomerate,  but  the  series  as  a  whole  was  referred 
by  Mr.  Logan  to  the  Oalciferous-Chazy  zone. 

Sir  W.  111.  Logan  also  described  the  conglomerate  beds  of  Bic  Har- 
bor and  Trois  Pistoles  on  the  shore  of  the  St.  Lawrence  River,  where 
bowlders  of  limestone  were  found  containing  fossils  of  the  Olenellus 
fatina.^  The  shales  in  which  the  bowlders  occur  are  supposed  at  the 
jjresent  time  to  be  of  Upper  Cambrian  age. 

The  report  on  the  south  shore  of  the  St.  Lawrence  River  below  Qne- 
boc,  by  Mr.  James  Kicbardson,  contains  the  information  that  another 
H(»ries  of  rocks  caiiic  to  the  surface,  ditfering  from  those  farther  to  the 
west,     lie  says : 

Those  rockH  have  heretofore  boon  classod  with  those  of  the  Quebec  groap,  but  they 
appear  to  underlie  thorn  nnconformably,  and  heinir  in  some  places  marked  by  fossils 
which  Mr.  Billin;;8  considers  to  ha  of  Potsdam  a^(ii,  thoy  are  now  placed  in  the  upper 
part  of  the  Potsdam  j;roup.^ 

They  consist  at  the  summit  of  a  lip^litdrab  quartz  rock  with  intercal- 
ated beds  of  conglomerate  boldinp^  limestone  pebbles  in  an  arenaceous 
matrix,  the  whole  formiiifj:  a  series  600  feet  in  thickness.  This  is  super- 
jacent to  a  series  of  gray  sandstones  and  interstratified  shales  with  a 
thickness  of  TOO  feet  in  which  near  the  base  a  conglomerate  occurs; 
below  this  a  third  division  of  gray  limestones  and  limestone  conglom- 
(Male  occurs  in  beds  of  from  1  to  6  inches  thick.  A  species  of  Salter- 
ella  was  observed  in  the  limestone,  and  a  species  of  Archreocyathus  in 
tlie  shales.    The  third  series  is  assigned  a  thickness  of  700  feet ;  and  the 

•  Logan,  AV.  E.,  Uepoit  of,  for  18G6.  Ot'ol.  Survoy  Cjin.ula,  report  of  progrens  from  1863  to  1866, 18M, 
p.  4. 

»<icolo;:ic;il  Siirvoy  of  Caniula,  rejwrt  of  proffroas  from  its  commencement  to  1863.  Montreal,  1863, 
p.  200. 

^  Jli'pnrt  on  tho  Roiit.h  Hhoro  of  l^v  St.  LviVJTvvuce,  below  Quel>ec.    Geol.  Survey  Canada,  report  pro((- 
roBR  lor  }HG6.  to  18«'.»,  1870,  p.  120. 
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entire  section  2,000  feet  A  number  of  epedee  of  the  Olenellns  fiMwa 
were  foand  in  tlie  pebbles  of  the  obnglomerate  near  St.  Denis  Station 
on  the  Grand  Tronk  Bailwayi  and  also  at  Bio  Hnrbor.^ 

The  reference  by  Mr.  Biehardson  of  the  rooks  mentioned  in  the  pre- 
ceding iMuragraph  to  the  Potsdam  sone  is  o1{|eoted  to  by  Dr.  A.  B.  O. 
Selwyn.*  He  says  that  after  examining  a  considerable  portion  of  these 
supposed  Potsdam  xocks^  these  is  in  his  opinion  at  present  no  snfiScient 
evidence,  either  paleontdogicali  stratigraphical,  or  mineraloglcal,  for 
separating  this  belt  from  otiier  very  large  areas  of  the  Qaebeo  gronp, 
hitherto  assigned,  the  larger  part  to  the  Lanxon,  bnt  in  some  places 
also  to  the  Levis  and  Billery  formations.  He  states  that  on  any  map 
now  pnblished  it  is  best  to  include  the  whole  of  the  rocks  of  this  great 
fossiliferons  belt  in  one  gronp,  as  the  data  are  insnfScient  to  separate  the 
Potsdam  zone  from  the  other  rooks  of  the  Silurian.  The  group  referred 
to  is  No.  1,'  the  Lower  Silurian.  The  second  is  '*  the  volcanic  group, 
probably  Lower  OambrianJ'  Qronp  No.  2  is  described  as  consisting  of 
a  great  variety  of  crystalline,  subcrystalline.  and  altered  rocks,  includ- 
ing red,  gray,  and  greenish  siliceous  slates  and  argillites,  great  masses 
of  diorite,  epidotic  and  serpentinous  breccias  and  agglomerates,  etc^ 
Of  the  age  of  this  group  he  says : 

If  foflfllls  are  foand  I  ahonld  expeot  them  to  indicate  a  lower  horizon  than  the  Leyia 
formation,  probably  not  far  removed  fW>m  that  of  the  St.  John  gronp  and  Atlantic 
coast  series  of  Nova  Scotia,  or  Lower  Cambrian.* 

This  series  forms  part  of  the  Sillery  formation  of  Mr.  Logan. 

In  speaking  of  the  refBrciice  of  the  Volcanic  group  to  the  Cambrian 
Dr.  Selwyn  quotes  from  the  paper  read  before  the  Boyal  Society  of 
Csiiiada  iu  May,  1882,  as  follows:' 

Tlu)  upper  portion  of  this  aeries  was  designated  "  the  volcanic  bolt "  from  the  asso- 
ciation with  it,  especially  on  the  southeast  side  of  the  main  axiH,  of  a  f^reat  variety 
of  what  were  considered  to  be  altered  eruptive  and  irruptlve  rocks,  bnt  whether 
tlio  strata  fonning  this  igneous  belt  are  more  nearly  allied  to  the  Lower  Cambrian 
than  lo  the  Upper  Huron ian  is  not,  fossils  being  absent,  easily  determined. 

On  the  map  of  the  Dominion  of  Oauada  geologically  colored  item 
surveys  made  by  the  Geological  Corps  from  1842  to  1882,  under  the 
direc.tion  of  Dr.  Selwyn,  there  is  quite  a  broad  belt  of  roclcs  colored 
Cauibrian  that  extends  from  Cape  Hosier  on  the  Ga8i)6  Peninsula 
southeasterly  along  the  shores  of  the  St.  Lawrence  to  Point  Levis,  Que* 
bee.  From  Point  Levis  it  turns  more  to  the  south,  extendiug  along  the 
western  margin  of  the  Archean  anticlinal  to  MiHsissquoi  Bay,  at  the 
foot  of  Lake  Cham  plain.    A  narrower  strip  is  represented  as  extending 

>Op.  cit,  p.  130. 

*  Report  of  obMryationa  on  the  atrAdferaphy  of  the  Qaebeo  fpnnp  and  the  older  crystalline  rooka  of 
Canada.    Geol.  Sarvey  Canada,  report  of  progress.  1877-'7R,  1879,  p.  4A.    Can.  Nat.,  new  ser.,  toLS^ 
1879,  pp.  17-31. 

■Op.  cit.,  p.  3 A.  *  Op.  cit,  p.  5A.  'Op.  cit.,  p.  6A. 

*  NntOH  on  the  geology   of  the  sonthoaHtom  portion  of  the  Province  of  Qaebeo.    Qeol  Sarreu 
Canada,  report  of  proKross.  1880-'81-'82, 1888,  p.  2A.. 
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from  the  north  end  of  the  Archean  anticlinal  or  axis,  along  the  eastern 
si(ie  of  the  latt^^r  to  Lake  Memphremagog.  A  smaller  area  is  colored 
Cambrian  in  the  southeastern  part  of  the  Province  of  Quebec,  near  the 
Maine  boundary,  at  the  northeastern  corner  of  New  Hampshire.  In  a 
map  of  a  part  of  the  Province  of  Quebec  published  in  1887,  the  dis- 
tribution of  the  Cambrian  about  the  Sutton  Monntain  anticlinal,  or 
tiie  Archean  axis,  extending  north  from  the  Green  Mountains,  is  given 
more  in  detail  than  in  the  map  of  1882. 

In  the  table  of  the  geological  formations,  accompanying  Macfarlane's 
American  Geological  Eailwa^^  Guide,  Dr.  T.  S.  Hunt  places  the  follow- 
ing groups  in  the  Lower  Cambrian,  in  descending  order  :^ 

Potsdam. 

Sillery. 

Acadian  (Menevian). 

Lower  Taconic. 
This  same  nomenclature  is  followed  in  the  list  of  the  geological  forma- 
tions of  Canada  on  page  52. 

In  a  report  on  the  explorations  and  surveys  in  the  interior  of  the 
Gasp^  Peninsula,  Mr.  A.  P.  Low^  states  that  the  Cambrian  system  is 
represented  along  the  Ste.  Anne  Eiver  and  along  the  east  and  west 
flanks  of  Table>top  Mountain,  by  gray  and  black  shales,  limestones, 
and  limestone-conglomerates  of  the  Levis  formation.    He  says : 

These  form  but  a  sinall  part  of  the  great  area  of  these  rocks,  which  stretches  firom 
Cape  Rosier  along  the  south  side  of  the  Gulf  of  St.  Lawrence  to  Qnebec  and  thence 
through  the  Eastern  Townships  into  the  United  States. 

In  describing  the  Silurian  rocks  on  a  previous  page  ^  he  says  the 
limestones  rest  in  places  upon  a  pinkish  or  gray  sandstone  of  no  great 
thickness,  whicli  is  seen  on  the  Ste.  Anne  and  Alatane  Rivers  and  on 
the  west  side  of  Lake  Matiipedia.  This  sandstone  is  supposed  to  be 
the  lowest  part  of  the  system. 

In  his  surveys  of  the  eastern  portion  of  the  Province  of  (Juebec,  Dr. 
R.  W.  Ells*  included  in  the  Cambrian  the  extension  to  the  northeast  of 
those  rocks  described  as  Cambrian  by  Dr.  Sclwyn.  As  described  in  the 
reports  of  the  Geological  Survey  of  Canada  for  1886, 1887, they  ex>nsist 
for  the  most  part  of  hard  quartzite  interstratified  with  mica  schists  and 
black  slates.  Dr.  Ells  also  referred  the  trappejin  rocks  of  Broughton  to 
the  Cambrian.  All  of  this  series,  as  described  by  Dr.  Selwyn  and  Dr. 
Ells,  is  unconformably  overlapped  by  the  Sillery  red  slates,  conglomer- 
ates, and  sandstones.  It  is  not  improbable  that  some  of  the  strata 
referred  to  the  Lower  Cambrian  may  ])rove  to  belong  to  that  sj'stem  of 
rocks,  but  in  the  absence  of  fossils  it  is  very  uncertain  whether  the  strata 


'  Dominiou  of  Cikuaila.     (Go<»lo;:i<'al  FonuntioiiH.)    Macfarlaiie's  Am.  (\vo\.  ]£.  II.  Giiido.  1870,  p.  51. 

^  Kxploratiousaiul  snrvoyB  iu  ibo  iuterior  of  tlio  Giutpc  IVniiisiilu,  1K83.  Gi*ol.  Surv.  Canada^  1882-'83- 
lft84,  P.14F. 

»  Op.  cit.,  p.  12F. 

*S<M;ond  rei)ort  on  tbo  ceolojry  of  a  portioD  of  tho  Province  of  Quoboo.  Geological  Survey  CaniulA, 
DOW  nor.,  vol.  3, 1880,  pp.  IK-rJOK. 
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nndor  coiij^ideration  shoald  be  referred  to  the  Cambrian  or  to  some 
of  I  lie  i)ir-C'ambrian  series  of  rooks.  In  a  review  of  Dr.  Ells's  work  by 
Mr.  C.  D.  Walcott^  it  is  suggested  that  from  the  occurrence  of  Lower 
Cambrian  fossils  (the  Olenellus  fauna)  in  grayish  limestone  interbedded 
with  purple,  green,  and  black  slates,  in  Washington  County,  New 
York,  the  rocks  containing  them  occupy  a  similar  stratigraphic  position 
to  those  described  by  Dr.  Ells  in  the  Canadian  section.  Dr.  Ells  con- 
sidered that  portions  of  the  strata  referred  to  the  Lower  Cambrian  are  very 
much  like  those  of  the  gold  series  of  Nova  S(*x>tia,  while,  in  part,  they  re- 
semble the  Cambrian  of  New  Brunswick.  Stratigraphically  they  occupy  , 
a  position  between  the  chloritic  and  micaceous  schists  of  the  Arcliean 
and  the  superjacent  Sillery. ' 

The  Canadian  extension  of  the  rocks  referred  to  the  Cambrian  System 
by  Prof.  C.  H.  Hitchcock  in  New  Hampshire  is  represented  upon  the 
geological  map  of  Canada,  published  by  Sir  William  E.  Logan  in  18G4  as 
the  Quebec  group,  thus  being  identified  with  the  (Quebec  group  series 
npon  the  western  side  of  the  Gasp^  limestone  series.  References  have 
been  made  to  them  by  various  authors  who  have  written  upon  the  geol- 
ogy of  the  townships  of  eastern  Quebec,  but  not  in  a  manner  to  distin- 
guish the  strata  now  referred  to  the  Cambrian. 

When  describing  this  belt  of  rooks  in  1886,  Dr.R.  W.  Klls^  states  that 
Prof.  Hitchcock  has  referred  a  belt  composed  principally  of  blackish, 
wrinkled  slates  and  schistose  sandstones,  which  form  a  ridge  extending 
northeast  from  the  vicinity  of  Canaan,  between  Hall's  and  Indian 
streams  to  the  Quebec  boundary,  to  the  Lower  or  Cambrian  system. 
The  strata  present  a  well  defined  anticlinal  structure,  which  is  recognized 
in  the  adjoining  townships  of  Emberton  and  Ditton  in  Quebec,  aTid 
northeast  past  the  outlet  of  Lake  Megantic  and  onward  to  the  Maine 
boundary.  The  slates  are  penetrated  by  quartz  veins,  which  in  places 
have  proved  more  or  less  auriferous. 

In  clmracter  and  aspect  the  gold-bearing  slates  of  Ditton  and  the  area  to  the  north- 
east almost  exactly  resemble,  as  already  intimated,  the  rocks  of  tlio  Nova  8cotia  jj^old 
series.^ 

As  far  as  known  no  fossils  have  been  found  in  this  series  to  identify 
the  horizon,  in  either  New  Hampshire,  (Canada,  or  Maine.  This  is  true 
also  of  the  second  area  inclosed  on  either  side  of  the  Stoke  Mounta.ins 
and  the  Sherbrooke  anticlinal.  The  strata  forming  the  western  area 
west  of  Sutton  Mountain  anticlinal  have  already  been  mentioned. 

The  presence  of  rocks  of  supposed  Cambrian  age  is  indicated  on  the 
geological  map  of  Canada,  publislicd  in  1882,  on  the  eastern  side  of 
Hudson's  Bay,  near  the  month  of  Big  Whale  River,  and  in  the  vicinity 

*  A  review  of  Dr.  K.  W".  (UIh'm  second  report  on  the  goolop:y  of  a  portion  of  the  Province  of  Quebec, 
with  a<hlitionaluote«  on  the  "Quebec  };roiip. "    Am.  Jour.  Sc.i.,  'M  8er.,  vol.  3D,  1890,  p.  101- 11.5. 

»  KUs,  R.  W.  Srcond  report  on  the  ffecdogy  of  a  portion  of  the  Province  of  (Quebec.  Gcol.  Snrv. 
Canatlu,  vol.  21.  IHrtft.  p.  K7K. 

''Iwcport  on  the  seolu^y  of  :i  portion  of  the  onstem  towoHhips  of  Quebec.  Geol.  Sur v.  Canada,  188G, 
nr\v  Her.,  vol. 'J,  1887.  pp.  24J,  26.r. 

*Op.  cit.,  p.  25J. 
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of  RicUmoud  Bay.  The  observatious  upon  which  this  identifioation  is 
based  were  made  by  Dr.  Robert  Bell,  who  explored  the  east  coast  of 
Hudsou  Bay  in  1877.  He  names  the  series  the  Manitoauack  group, 
correlating  it  with  the  Nipigon  series  north  of  Lake  Saperior.  By  com- 
bining the  sections  of  slates  and  sandstones  he  obtains  a  thickness  of 
2,800  feet  for  the  entire  section  on  this  part  of  the  coast.^ 

References  to  the  occnrrence  of  rocks  of  snpi^osed  Oambrian  age  on 
Lakes  Mistassini  and  Mistassinis  are  made  by  Mr.  A.  P.  Low  in  his 
report  on  the  Mistassini  expedition.  The  limestones,  owing  to  the 
absence  of  any  fossil  remains,  have  been  referred  to  the  Oambrian  hori- 
zon on  account  of  their  lithologic  resemblance  to  Oambrian  rocks  of  the 
east  side  of  James  Bay.* 

A  map  of  Lake  Mistassini  accompanies  the  report,  on  which  the 
bonndary  between  the  Lauren tian  and  supposed  Oambrian  formations 
is  traced. 

Dr.  George  M.  Dawson  tabulates  the  formations ;  he  refers  to  the 
Oambrian  in  Ontario  and  Quebec  as  follows :  ^ 

36.  iSillery  and  Levis. 

*^a.  C:ilcifc5rou8. 

tie.  Upper  and  I^wer  Potsdam, 

'2b.  Kowceuian. 

2a.  Aniiuikie. 

SOUTHEEN  APPALA.OHIAN  DTSTBTOT. 

The  Southern  Appalachian  district  includes  the  outcrops  of  strata 
referred  to  formations  of  the  Cambrian  groui)  in  nortliern  and  central 
New  Jersey,  southeastern  and  southern  centnil  Pennsylvania,  western 
Maryland,  Virginia,  and  North  Carolina,  eastern  Tennessee,  northwest- 
ern Georgia,  and  northeastern  Alabama. 

NEW  JKRSKY. 

In  a  table  showing  the  geologic  succession  of  the  lower  Secondary 
or  A])i)Jilachian  rocks  as  they  occur  in  New  Jersey,  Prof.  Rogers* 
places  as  No.  1  of  the  series  of  formations  a  compact  and  very  quart- 
zose  sandstone,  of  light  bluish  gray  color,  approaching  to  white.  He 
discovered  the  formation  in  only  three  or  four  small  isolated  areas  along 
the  western  outcrops  of  the  Primary  rocks.  Prof.  Cook  refers  to  this 
sandstone  lying  upon  the  gneiss  as  the  **  Potsdam  sandstone  ^  as  kno\ni 
in  New  York.  It  is  only  a  few  feet  in  thickness.*  In  a  subsequent  rei>ort 
a  sketch  is  given  of  a  section  at  Franklin  Furnace,  which  shows  the  sand- 

*  Report  on  an  t'xpl4)ration  of  the  eiwt  coast  of  Hudson's  Bay,  1877.     (Jeol.  Surv.  Canada,  Rep.  Projj, 
forl877-7K.     1879,  p.  17C. 

*Rej»orf  of  tlio  MiHtiiHrtiui  Expedition,  1884-'85.    (Jeol.  anil  Nat.  Hi.st.  Surv.  Canada,  new  ser.,  vol.  1, 
1885,  p.  31 1). 
'Macfarlane  Jamon:  An  American  (xeolojjical  Kailwuv  (Iui»le.    Seconded.,  1890,  p.  58. 

*  Description  of  the  Gfolopy  of  the  State  of  New  Jersi'v,  hciti^a  (iiial  rejjort.     Philadelphia,  1840,  p.  4o. 
*Rej[>ort  of  J'rof.  George  11.  Cook  upon  the  i^t-olo^icjil  survi'yof  New  Jersey,  and  it«  progress  dario; 

the  year  Itm.     1864,  p.  6,  par.  tt. 
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stone  resting  nnoonformftbly  on  the  gneiss  and  passing  conformably  be- 
neath  the  snpeqacent  Magneslan  limestone.*  There  are  also  donbtfnlly 
iudaded  under  the  *^  Potsdam  sandstone "  sevei%il  outcrops  of  quaiib- 
zite  and  conglomerate,  and  the  eonglomerates  and .  sandstones  of  the 
Green  Pond  Monntaih  range.  On  the  large  geologioEil  map  of  northern 
New  Jersey,  published  in  1874,'  the  **  Potsdam  sandstone "  includes 
shales,  sandstones,  slaty  grits,  quarts  rook,  and  the  Green  Pond  Moun- 
tain conglomerate;  this  entire  series  ia  represented  by  one  color, 
extending  on  the  trend  of  the  Green  Pond  Mountain  range  from  the 
New  York  boundary  southwesterly  into  the  central  portion  of  Morris 
County. 

In  the  annual  report  for  1884  the  Green  Pond  Mountain  rocks  are 
included  with  the  <* Devonian  and  Silurian  rocks."'  This  leaves  the 
so-called  ^*  Potsdam  sandstone  "  as  the  only  Cambrian  formation  within 
the  State.  The  following  year  reference  is  inade  by  Prof.  Cook^  to  the 
contact  phenomena  with  the  Paleozoic  rocks.  In  New  Jersey  one  point 
is  at  ^^  Owen's  Island,"  in  Sussex  County,  two-thirds  of  a  mile  south  of 
the  State  line,  as  described  by  Prof.  Bogers  in  his  reiK>rt  of  1836.  At 
this  point  the  sandstone  dips  20^  northwest,  and  the  Arcliean  70^  to 
the  southwest.  Near  Franklin  Furnace  a  similar  nnconforuiity  occurs, 
and  the  same  conditions  appear  persistent  along  the  entire  northwestern 
margin  of  the  highlands  in  New  Jersey,  though  no  other  actual  contact 
has  been  observed  along  this  line. 

In  a  paper  presented  to  the  Geological  Society  of  America  December 
31, 1890,  Prof.  Frank  L.  Nason  stated  he  had  found  fossils  of  Lower 
Cambrian  age  in  the  quartzite  resting  on  the  pre-Paleozoic  rocks  at 
Hardistonville,  Sussex  County,  New  Jersey,  and  at  Franklin  Furnace, 
in  the  same  county.  He  also  discovered  fragments  of  a  species  of 
Kutorgina  in  the  supeijacent  limestone.' 

DXLAWABB. 

In  the  northwestern  comer  of  the  State  of  Delaware  there  is  a  trian- 
gular area  of  sandstone  referred  to  the  '<  Potsdam  "  sandstone  by  Mr. 
Fred.  D.  Chester.  He  states  that  it  extends  into  Pennsylvania,  and  is 
best  exposed  beyond  the  State  line. 

At  NiviuH  liiuestoDe  qnarry  a  maas  of  qnartzite  forms  what  is  clearly  au  anticlinal 
fold,  over  which  is  a  correspondiog  anticlinal  of  Magneaian  limestone.' 

The  extension  of  this  sandstone  into  Pennsylvania  is  shown  npon  the 
map  of  (3hester  County,  Pennsylvania,  where  it  occurs  in  the  township 
of  London. 


1  Geolojry  of  New  Jersey.    Newark,  1868,  p.  72. 

'  Cook,  Geo.  n.    Geological  Survey  of  New  Jeney.    (Map  oO  northern  New  Jersey,  showing  the  ' 
iron-ore  and  limestone  districts.    1874,  in  two  sheets. 

*Cook,  Geo.H.    Geological  Snnrey  of  New  Jeney.    Annual  report  of  the  State  geologist  for  the 
year  1884.    1884,  p.  29. 

*  Contact  phooomena  with  the  Paleosoic  rocks.    Geological  Survey  of  New  Jersey.  -  Annual  Report 
of  the  Stato  GeoL  for  1885.    Trenton,  1885,  pp.  53-56. 

'Unpublished. 

•  Preliminary  notes  on  the  geology  of  Belawar^-LaaTeatUii,  Pal«(MO\^  tiA^^t^^MOWt^SA  %3MM^  ^\2d>^ 
Acad.  Set  Proo.,  roL  96,  1884,  p.  UB, 
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PENNSYLVANIA. 

Ill  the  second  annnal  report  of  the  State  geologist  of  PeDnsylvania, 
Prof.  n.  D.  Bogers  summarizes  in  a  table  the  order  of  stratification, 
the  geographical  position,  composition,  and  thickness  of  the  lower 
Secondary  formation  in  Pennsylvania,  east  of  the  Susquehanna  River.* 
The  description  of  formation  No.  I,  or  the  sandstone  of  the  Soath  Moun- 
tain, is  as  follows: 

In  the  asceuding  order,  the  first  formation  which  we  meet  with,  reposing  on  the 
primary  rocks  of  the  South  Mountain,  *  *  *  is  a  remarkably  compact  and  rather 
fine-grained  sandstone,  usually  white  or  of  some  light  shade  of  gray.  *  *  *  The 
formation  ranges,  according  to  my  present  belief,  from  the  Delaware,  at  Easton,  more 
or  less  interruptedly  across  the  State  to  the  Maryland  line,  pursuing  an  undniating, 
irregular  belt,  coinciding  with  the  northern  and  northwestern  side  of  the  chain  of 
hills  most  commonly  called  in  this  State  the  South  Mountain,  the  prolongation  of  the 
Highlands  of  New  York  and  of  the  Blue  Ridge  of  Maryland  and  Virginia.' 

It  contains,  as  far  as  yet  examined  in  Pennsylvania,  very  few  orgauic  remains,  the 
best  defined  species  discovered  in  it  being  a  marine  plant,  indicative  of  the  oceanic 
position  into  which  the  materials  of  this  stratum  were  originally  swept. 

I  have  satisfied  myself  that  this  rock  is  not  confined  to  the  Appalachian  region  of 
Pennsylvania,  bnt  that  it  possesses  a  prodigiously  extensive  range,  not  only  through 
Maryland  and  Virginia,  but  in  a  contrary  direction  through  New  Jersey  and  New 
York,  and  I  believe  beyond  those  limits,  constituting  everywhere  the  lowermost  for- 
mation  of  the  widespread  Secondary  strata  which  it  encircles  in  a  somewhat  inter- 
rupted belt,  following  the  primary  boundary  of  these  rocks  from  Tennessee  to  Lake 
Champlain,  and  thence  northwestward  to  the  northern  shores  of  Lake  Huron  and 
Lake  Superior  ' 

Prof.  Rogers  recognized  the  sandstone  at  many  points  in  New  Jersey 
and  New  York,  and  considered  it  identical  with  the  formation  in  north- 
eastern New  York,  described  by  Prof.  Eaton  under  the  name  of  Cal- 
ciferous  sandrock,*  and  states  that  it  is  probably  the  same  stratum 
which  Dr.  Bigsby  has  mentioned  as  existing  on  the  north  side  of  Lake 
ITuron.^  In  the  table  showing  the  order  of  stratification,  formation  No. 
I  is  assigned  a  probable  thickness  of  1,000  feet. 

A  description  is  given  in  the  third  report^  of  the  geographic  distri- 
bution of  the  sandstone  as  it  occurs  in  the  various  counties  of  the  south- 
eastern portion  of  the  State. 

In  Northampton  and  the  ejisteru  corner  of  Lehigh  the  sandstone  •  *  •  is  8ul»- 
onliuate  in  importance  to  the  gneiss  and  other  primary  rocks  on  which  it  rests." 


'  Si't'oiul  Annual  Jicjmrt  ou  tlie  Guoloj^ical  Exploration  of  tlic  State  of  Pennsylvania,     nariisburg, 
1838,  opuo.  j>.  19. 

''Op  cit.,p.21. 

3()p.cit..pp.*22,23. 

*'V\\e  PotB<lani  sandnt'One  wae  not  difTerentiat^^d  from  tho  caloiferons  sandrock  by  Katon.  He  in- 
cluded the  HandKt;one  and  tbc  saperjacent  calcareouH  sandstono,  under  the  connuon  name  of  calciferoun 
Hiuidiock.  U8  oni*  foruiatiou. 

'•Op.  iit.,p.  2;{. 

*Ko4rrH,  Ilonry  D.  Third  Annual  lieport  of  the  Geological  Survey  of  the  State  of  Penn.sylvania. 
nairi.Hlmr^.  ls:i9,  pp.  14 -IG. 

'Op.  «;il.,p.  lljw 
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In  the  fourth  report^  formatiou  No.  1  is  8i)okeD  of  as  the  extensive 
slate  and  sandstone  formation  constituting  ^^  The  lowest  member  of  our 
ohler  Secondary  or  Appalachian  rocto.''  The  slates  of  the  Pigeon 
Hills  are  referred  to  the  lowest  Secondar}'  formation  of  the  State,  and 
the  stnita  comprise  different  portions  of  formation  No.  I,  consisting  of 
dark  slate  and  a  light  colored  sandstone.  The  stratigraphic  succession 
of  the  various  beds  referred  to  formation  No.  I  of  South  Mountain,  south- 
west of  the  Susquehanna,  is  given  in  detail.  The  intercalated  limestone 
bed  is  considered  to  belong  to  the  upper  part  of  the  division,'  and  there 
is  a  bluish  slate  interstratiiied  in  the  sandstone.  In  the  report  of  the 
following  year'  the  geographical  range  of  the  rocks  of  the  South  Moun- 
tains from  the  Delaware  to  the  Schu^'lkill  is  outlined.  The  white  and 
gray  sandstone  of  formation  I  is  not  a  continuous  stratum  in  the  belt 
of  the  South  Mountains  where  they  traverse  Northampton  and  Lehigh 
Gotuities,  but  it  is  very  probable  it  occurs  at  the  base  of  all  the  primary 
ridges,  buried  under  a  deep  covering  of  loose  diluvium.^  Mention  is 
made  of  its  various  points  of  outcrop  and  its  occurrence  in  Berks 
Coiuity,  and  many  details  are  given  of  the  distribution  of  the  sand- 
stone and  the  mode  of  its  occurrence  in  relation  to  the  subjacent  pri- 
mary rocks. 

In  his  grand  summary  of  the  geology  of  Pennsylvania,  Prof.  H.  D. 
Eogers  gives  a  synoptic  description  of  the  Primal  series  or  "  Potsdam  ^ 
sandstone  of  New  York,  as  follows : ' 

The  Primal  Herics,  under  its  fullest  aud  most  diversified  condition,  or  that  which  it 
wears  111  the  AppalarJiian  chain  in  Pennsylvania,  Virginia,  aud  Tennessee,  is  a  thick 
fourfold  group  composed  of  two  slates  and  two  great  arenaceous  rocks  in  alternation: 
(1)  Tlie  highest  or  Primal  newer  slate  is  a  greenish  and  brownish  talco-argillaceous 
slate,  sometimes  very  soft  and  shaly.  In  Pennsylvania  it  has  a  thickness  of  about 
700  feet.  (2)  The  next,  thePhmal  white  sandstone,  is  a  compact,  white  and  yellowish, 
line-grained,  vitreous  sandstone,  often  containing  specks  of  kaolin.  This  rock,  which 
is  of  (^asy  recognition  and  of  an  immense  range,  has  a  thickness  in  some  parts  of  the 
Blue  Ilidge  of  Virginia  of  at  least  300  feet.  This  is  the  Potsdam  sandstone  of  New 
York.  (;))  The  Primal  older  slate  is  a  brown  and  greenish  gray  sandy  slate,  contain- 
ing much  feldspathic  and  talcose  matter.  It  has  hitherto  disclosed  no  fossils.  The 
thickness  of  this  bed  iu  the  Atlantic  slope  in  Pennsylvania  is  several  hundred  feet* 
and  in  the  Blue  Ridge  of  Virginia  is  not  less  than  1,200  feet.  (4)  The  Primal  con- 
glomerate, the  lowest  of  the  yet  distinctly  recognized  formations  of  the  Primal  series, 
is  a  heterogeneous  conglomerate  of  quartzose,  feldspathic,  and  slaty  pebbles,  imbed- 
ded in  a  talco-silicious  cement.  The  thickness  of  this  rock  iu  Virginia  and  Tennes- 
see, north  of  which  it  has  not  been  discovered,  is  at  least  150  feet. 

In  New  York  and  the  Northwestern  States  this  series  presents  a  materially  different 
type,  the  Primal  white  Siindstone  being  almost  the  sole  representative. 

Thickness. — The  thickuesM  of  the  entire  series  is  considerably  more  than  2,000  feet. 


1  Kogers,  H.  D.    Fourth  Annaal  lioport  on  the  Geological  Survey  of  the  State  of  Pennaylvania. 
narriHlmrp,  1&40,  pp.  33  35. 
*Op.  cit.,  p.  41. 

*  Ko<;erH,  11.  D.    Fifth  Amiual  Report  on  the  Geolofi^oal  Exploration  of  Pennsylvania.     Harrisbarg, 

lan.  pp.  16  26. 

*Op.dr.,  pp.2e,27. 

•  The  Geology  of  Ponuaylvania.    Philadelphia,  1858,  vol.  2,  pp.  751, 75S. 
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Geograjphioal  distribution. — In  its  geographical  distribution  this  primal  iieries  nuigea 
coextuusivoly,  or  nearly  so,  with  the  other  formations  of  the  older  Paleozoic  division 
to  be  [iresently  traced ;  that  is  to  say,  it  shows  two  great  continuoas  ootoropa,  one 
stretching  southwest  along  the  Appalachian  chain  and  the  other  west  Aromthe  St. 
Lawrence,  throngh  New  York,  Canada  West,  Northern  Michigan,  Wisconsin,  and 
Minnesota  beyond  the  Mississippi.  It  is  probably  likewise  bronght  to  the  day  in 
the  anticlinals  of  Missouri,  Arkansas  and  Texas,  which  elevate  the  gneisaio  strata  ou 
which  it  rests. 

The  only  fossils  found  were  a  peculiar  facoid  in  the  newer  Primal 
slate,  annelid  borings  in  the  Primal  white  sandstone,  ^*  one  or  two 
brachiopodns  moUusks,  especially  lingnla.  In  Wisconsin  and  other 
northwestern  localities  this  formation  contains  several  species  of  tri- 
lobites,  and  abounds  in  lingnlae,  obolns,  and  an  orbicula."  ^  Trilobites 
were  also  found  on  Lake  Ghamplain. 

Under  the  heading  of  '<  Equivalents  ^  is  the  following : 

TlioBO  strata  seem  to  be  on  the  horizon  of  the  lower  Festiniog  group  or  lingula 
flags  of  England,  and  equivalent  to  the  obolns  and  lingula  sandstone  of  Sweden  and 
Russia.  They  represent,  too,  tlie  primordial  zone  of  Bohemia,  and  are  therefore  on 
the  liorizon  of  the  very  dawn  of  discuvorod  life.* 

This  nummary  of  Prof.  Eogers  gives  his  information  res]>ecting  tbe 
Primal  series  in  Pennsylvania,  Virginia,  and  Tennessee  up  to  the  time  of 
publication.  Under  the  heading  of  '<  Depositions  and  disturbances  of 
the  Primal  period,"  he  discusses  the  probable  conditions  under  which 
the  sediments  were  deposited,  and  sums  up  the  period  as  one  of  vast 
duration  ;  ^<  an  enormous  age  of  quiet  sedimentation  with  almost  no 
life  in  tlie  wide  turbid  sea."^  The  paleontological  record  for  the  Primal 
seilcs  is  iriveu  a  very  few  words  :  Three  or  four  fossils  known  in  the 
white  sandstone,  and  a  vaguely  defined  plant  in  the  subjiusent  shale 
in  tiie  Appalachian  region.  Ikit  in  Wivsconsin,  the  white  sandstone 
iinbeds,  on  a  succession  of  thin  floors,  some  seventeen  more  species. 
Two  of  these  are  identical  with  those  of  the  eastern  outcrop,  so  the 
total  number  of  species  known  atthat  date  was  eighteen.  The  distribu- 
tion of  the  Primal  series  in  Pennsylvania  is  tabulated  in  volume  1*  and 
local  details  are  given  in  the  description  of  the  various  counties  in  which 
outcrops  of  the  rocks  and  slates  occur. 

On  an  accompanying  geological  map  the  geographic  distribution  of 
the  Primal  series  is  delineated.  As  a  whole  it  extends  with  many  in- 
terruptions diagonally  across  the  southeastern  jiortion  of  the  State, 
from  South  Mountain  in  Adams  County  to  Northampton  and  Bucks 
Counties,  on  the  Delaware  Kiver. 

Two  maps  of  sections  also  accompany  the  report  of  1858.  On  the 
line  of  section  No.  2,  the  Primal  is  represented,  in  Northampton  County, 
at  Frey's  liun  and  along  Durham  Creek  to  the  Delaware  Kiver.  At 
Attleborough,  in  Bucks  County,  a  synclinal  of  the  Primal  sandstone 
is  rejiresented  as  occurring  in  the  midst  of  the  older  Primal  slate. 


•  Op.  cit .,  p.  751.  »  Op.  oit,  p.  762.  «  Op.  cit.,  p.  781.  *  Op.  oit.,  pp.  122, 122. 
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Section  No.  3  crosses  the  Primal  slato  in  Berlcjs  County  and  repre-' 
sentB  the  Primal  sandstone  dipping  southeasterly  from  the  Primal 
slate  forming  Mount  Pleasant.  The  Primal  sandstone  is  showu  again 
in  Montgomery  Oonnt;y  at  Barren  Hill  and  it  is  placed  in  the  midst  of 
<<  Primal  mica  slate.'' 

Section  ISo.  4,  in  crossing  Lancaster  and  Chester  Counties,  passes 
through  the  Primal  series  at  Neversink  Hill,  near  Beading,  and  also  at 
Welsh  Mountain,  where  the  Primal  sandstone  is  represented  as  forming 
a  low  anticlinal. 

On  the  line  of  section  No.  5,  the  Primal  sandstone  occurs  to  the  west 
of  the  Primal  slates  and  gneiss  that  form  Millbough  Hill  iu  Berks 
County.  In  Lancaster  County,  on  the  line  of  the  same  section,  the 
sandstones  occupy  the  south  end  of  Welsh  Mountain.  In  Mine  ridge 
the  Primal  slates  and  gneiss  are  represented  as  much  distorted,  while 
the  sandstone  forms  an  anticlinal  and  synclinal  axis. 

Sections  Nos.  7  and  8  cross  the  South  Mountain  iu  Adams  and  York 
Counties;  and  the  entire  section  of  the  mountain  is  represented  as 
Primal,  as  stated  in  the  text.  The  rocks  of  Pigeon  Hills,  to  the  south- 
east in  section  7,  are  also  referred  to  the  "  Primal "  and  to  the  ^'  Primal 
slate,  altered  and  crystalline ; "  and  the  same  reference  is  made  of  the 
southwestern  extension  of  the  slates  of  the  hills  where  crosse<l  by  sec- 
tion 8. 

I  have  been  unable  to. find  any  account  of  original  researches  upon 
the  Primal  rocks  during  the  perio<l  between  the  final  report  of  Prof.  H. 
D.  Rogers  and  the  renewal  of  their  study  by  Prof.  J.  P.  Losloy  in  1873. 

In  a  paper  by  the  latter,  on  the  iron  ore  of  the  South  M(»uutain  of 
Cumberland  County,  a  diagrammatic  sketch  is  given  of  a  cross-section 
of  the  county  at  Carlisle,  in  which  the  '^  Potsdam  "  sandstone  rests  on 
the  gneiss  for  a  long  distance.^  On  the  following  page  a  sketch  of  a 
section  shows  the  sandstone,  resting  on  the  Azoic  slates  and  gneiss; 
and  beneath  is  a  series  of  iron  ore  bearing  slates  that,  in  turn,  are  sub- 
ja(*/ent  to  the  Calciferous  sandstone  and  Trenton  limestone. 

In  describing  the  Cornwall  iron  mines  and  some  related  deposits,  in 
Pennsylvania,  Dr.  T.  S.  Hunt*  refers  Prof.  Rogers's  Primal  slate  of  the 
mine's  to  a  portion  of  the  Lower  Taconic  series  of  Emmons  an<l  beneath 
the  horizon  of  the  Potsdam  sandstone  of  the  New  York  system.  This 
reference  carries  with  it  the  ores  which  are  found  in  Pennsylvania 
along  the  borders  of  the  Mesozoicand  Red  Sandstone  formations  of  this 
X)orti(m  of  the  State. 

In  another  paper  Dr.  Hunt  notes  the  discovery  by  Pi-of.  Prime  of  a 
Kpe(;ies  of  Monocraterion,  in  the  Auroral  limestone  of  Pennsylvania, 
and  savs : 


'The  iron  ori-B  of  tiio  South  Moiintnin  iilon^  tli(>  liiut  of  the  Karrinhurj;  and  Potomac  Railway  in 
Cii'iilx'rlainl  Couut y,  IViinH\lvauia.     Am. Phil.  Soc.  Proo.,  vol.  13,  IH73,  p. 4. 

' The  (?oniw-all  iron  mino  and ttome reltttod  depoait;:^  in Penusylvauia.  Am.  Inst.  Mining  Kng..  Trans., 
vol.  4, 1676,  p.  320. 
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These  same  limestuDes  in  PennBylvania,  wbich  1»cloug  to  the  Lower  Taconic  seriei 
of  Eminous,  have  also  afforded  an  undescribed  species  of  Lingala.* 

In  reporting  on  the  Paleozoic  rocks  of  Leiiigh  and  Northampton 
Counties  Mr.  Fred.  Prime,  jr.,  states  that  the  very  lowest  beds  of  the 
Potsdam  sandstone  are  actually  pudding-stones,  containing  pebbles  the 
size  of  a  man's  fist  and  larger,  and  fragments  of  red,  unaltered  ortho- 
clase.  The  upper  beds  are  composed  of  a  hard,  compact  quartzite  con- 
tainiiig  greater  or  less  quantities  of  feldspar  nodules.  The  sandstone 
often,  as  elsewhere,  contains  Scolithus.'  He  gives  the  geographic  dis- 
tribution of  the  sandstone  as  found  about  the  South  Mountain  in  the 
two  counties  mentioned.    Of  the  upper  Primal  slates  he  says : 

Next  above  the  Potsdam  sand  stone  occur  hydromica  slates,  which  Rogers  has  caUed 
the  Upper  Primal  slates,  bat  which  really  form  a  portion  of  the  No.  II  nnieetone, 
and  gradually  pass  into  this.  They  overlie  the  Potsdam  conformably  and  are  far 
more  persistent  in  their  occurrence.' 

In  the  limestone  he  found  specimens  of  the  genus  Monocraterion  in 
Lehigh  County,  specimens  of  Lingula,  and  a  single  specimen  of  an 
orthoceratite.*  In  the  vicinity  of  Alleutown  and  Bethlehem  the  sand- 
stone is  about  25  feet  thick.  The  contact  between  the  gneiss  and  the 
sandstoueis  distinctly  seen  about  2  miles  from  Alleutown,  on  the  Lehigh 
Valley  Kailroad  track.  (Prof.  Prime's  paper  was  also  printed  in  the 
American  Journal  of  Science,  under  the  following  title :  ^<  On  the  Dis- 
covery of  Lower  Silurian  Fossils  in  Limestone  Associated  with  Ilydro- 
niica  Slates,  and  on  other  points  in  the  Geology  of  Lehigh  and  North- 
ampton counties,  Eastern  Penns^ivania.")' 

The  species  of  Monocraterion  was  described  and  illustrated  by  Prof. 
Prime  ill  1878.®    It  is  stated  to  bo  from  the  Siluro-Cambrian  limestone. 

Prof.  Kogers  referred  nearly  all  of  the  strata  of  the  South  Mountiiin, 
southwest  of  the  SusquohauLa  Kiver,  to  the  Primal  series.     He  says: 

In  its  ^eoIo«;ical  constitution  this  tract  is  without  mucli  variety,  for  it  contain 
scarcely  any  rocks  except  those  of  the  Prinuil  series.^ 

He  describes  the  ridges  as  composed  of  the  Primal  white  sandstone 
and  the  intervening  valleys  and  j)lateaus  of  the  Primal  upper  slate. 
Tliese  strata  are  represented  as  very  much  disturbed  and  extensively 
nietamori)hosed.  This  view  is  not  accepted  by  Dr.  Persifor  Frazer,  who 
says  that  in  his  rei)ort  of  1875  (Second  Geological  Survey  of  Pennsyl- 
vania, CC)  it  is  clearly  shown,  both  in  the  text  and  in  the  gnii»hic 
illustrations,  that  the  Potsdam  or  Primal  formation  of  Rogers  is  want- 
ing over  all  that  country  with  the  exception,  perhaps,  of  scattered 
patches  on  the  northwestern  flank  of  the  South  Mountain  chain.* 

*  On  tbe  liistorv  of  the  crj'stallin**  stratified  rocks.     Am.  Asmjc..  Proc,  vol.  25, 1876,  p.  208. 

*()ii  thr  I'altMjzoic  rock»  of  Loki|;;h  iind  Nortbaiupton  Counties,  PeunHylvania.  Am.  Phil.  Soc,  Proc, 
Tol.17.  lS78.i»p.24f<,249. 

»0p.  rit..  p.  219.  *  Op.  cit,  p.  261. 

»  Am.  Jmir.  J^«i.,  3d  aer.,  vol.  15, 1878,  pp.  261-2C9. 

e2d  <ii-ul.  Siir..  Pi-nn.,  Dl).  1878,  pp.  79-80. 

'  Th«-  i  M^ul»};>  of  P»  imsyl vauia.     Philadolplila,  1858,  vol.  1.  p.  203. 

"  Fr:i/(>r,  Por.sifor,  jr.  (On  the  relations  of  the  South  Mountaiu  rocks  in  PeunHylvania.)  Am.  Luk 
Miuiap  Euf^.,  Trans.,  vol.  7, 1670,  p.  336. 
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In  noting  the  disoovery  of  the  Martic  anticlinal  in  Lancaster  County, 
Dr.  Frazer  calls  attention  to  its  exposing  faudamental  gneiss  and  gran- 
atoid  beds  in  the  new  railroad  oattings  along  the  left  bank  of  the  Sus- 
quehanna Biver  and  how  it  sheds  off  to  the  north  and  to  the  south  at 
least  16,000  fleet  of  Primal  (Cambrian  t)  slates.'  In  a  special  report 
upon  the  geology  of  Lancaster  County  the  same  writer  describes  the 
character  and  mode  of  occurrence  of  the  ^<  (Jhikis "  quartzite.  The 
actual  thickness  of  the  quartzite  above  water  level  is  not  much  over 
300  feet.*    Between  the  limestones  and  the  quartzite  there  is,  he  says — 

A  TMt  series  of  hydro-mica  sohista  and  deoomposed  argillaoeoua  alates,  which  in- 
sensibly grow  in  the  deep  more  and  more  chloritio  until  this-  mineral  lends  its  color 
as  well  as  its  name  to  the  larger  part  of  the  whole  formation,  bat  generally  the 
chloritic  series  is  divided  from  these  naoritos  by  a  qnartzite.' 

He  says  further : 

A  vast  series  of  slates  intervene  between  the  lowest  rocks  of  all  on  the  Sosque- 
hanna  and  the  formation  last  described.* 

As  the  result  of  his  survey  of  the  southern  parts  of  Montgomery, 
Bucks,  and  Philadelphia  Counties,  Mr.  Chas.  E.  fialF  decides  that  the 
South  Valley  Hill  hydromica  and  chlorite  slates,  which  were  consid- 
ered by  Prof.  Rogers  as  equivalent  to  his  Primal  of  the  North  Valley 
Hill,  are  not  altered  Primal  slates,  but  no  other  than  a  series  of  slates 
overlying  the  limestones  of  No.  II  or  the  slates  of  the  Hudson  Period. 
He  also  gives  a  description  of  the  Primal  quartzite  of  Bogers,  spoakiiig 
of  it  as  the  Potsdam  sandstone.^  He  gives  his  opiniou  of  the  age  of 
the  sandstone  known  as  the  Edge  Hill  Rock,  in  Chester  County,  as 
follows :  *<The  Itacolumite,  or  Edge  Hill  Bock,  I  consider  proven,  be- 
yond dispute,  to  be  the  equivalent  of  the  Potsdam  sandstone."  "^ 

In  a  memoir  apou  the  geolpgy  of  the  southeastern  portion  of  Penn- 
sylvania, Dr.  Persifor  Frazer  gives  a  summary  of  the  general  charac- 
ters and  geographical  distribution  of  the  Primal  quartzite  and  the  sub- 
jacent and  sui)erjacent  schists.  The  upper  division  of  the  Primal  of 
Rogers  is  referred  to  No.  Ill  or  Auroral,  and  the  chloritic  schists,  sub- 
jacent to  the  qnartzite,  are  referred  to  the  Huronian,  the  quartzite  alone 
representing  the  Primal  or  Potsdam  of  Bogers."  The  geographic  dis- 
tribution of  the  formation  in  Chester,  Lancaster,  York,  and  Adams 
Comities  is  represented  on  the  map  accompanying  the  memoir. 

Prof.  Lesley,  in  his  description  of  the  geology  of  Chester  County, 
after  the  surveys  of  Messrs.  Bogers,  Frazer,  and  Hall  ^  writes : 


'  [Note  on  the  Martic  anticlinal  and  on  ripple  murks  on  a  slab  of  limestone].  Am.  PhiL  Soo.,  Proo., 
vol.  17, 1878,  p.  725. 

'  The  geology  of  Lancaster  County.  Second  Geol.  Sarvey  Penn.,  Rep.  Prog,  in  1877,  CCC.  Harris- 
luir^'.  1880,  p.  7. 

*  Op.  cit,  p.  5.  *  Op.  cit,  p.  8. 

'^  The  geology  of  Philadelphia  Coonty  and  of  the  soathem  parts  of  Montgomery  and  Backs.  Second 
Geol.  Survey  Pa.,  06.,  1881,  pp.  xvii-xviil,  »3. 

*  Op.  cit.,  pp.  7, 8.  *  Op.  cit.,  p.  xvii. 

"  M^^moire  snr  la  G6ologie  d«i  la  partie  sad-est  de  la  Pennsylranie.    LiUe,  1882,  p.  75. 

*  The  geology  of  Chester  County,  after  the  surveys  of  Rogers^  Kraser»and  HaU.  Second  GeoL  Snr. 
Penn.,  CCCO  ;  1883,  p.  viii. 
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Dr.  Frazer  divideB  the  Potsdam  sandstoDe  formation  into  an  upper  snd  a  loww. 

*  *    *    The  upper,  or  Kennett  rock  diviaion,  he  identifies  with  Mr.  Hall's  Edge  Hill 
rock. 

The  lower  is  the  Tonghkenamon  division.  Dr.  Frazer  himself  saiya 
that  the  latter,  or  the  lower  division,  '^s  composed  of  weathered  particles 
of  a  gneiss  or  syenite  loosely  compacted  and  laminated."  The  second  or 
Kennett  rock  is  the  upper  division  and  ^^  it  is  a  thin-bedded  rook,  lying 
in  plates  of  fairly  parallel  sides,  composed  of  fragments  of  white  limpid 
quartzite,  and  is  generally  large-grained."^ 

Prof.  Lesley  quotes  Prof.  Bogers's  description  of  the  Primal  series  as 
it  occurs  at  various  localities  in  the  county,  together  with  many  of 
Dr.  Frazer's  observations  f  stating  that  he  described  three  principal  and 
a  few  very  subordinate  and  doubtful  areas  of  the  Primal  rock  north  of 
the  Chester  Valley.  One  imx)ortant  conclusion  of  Dr.  Frazer's  is  here 
quoted : 

In  mentioning  thns  the  ''  Primal/'  the  qnartzite  and  qnartzoie  sandstone  alone  ar6 
considered  here.  It  will  he  seen  fnrther  on  that  abundant  evidence  suataina  theyiew 
that  the  ijpreater  part  if  not  all  of  the  weathered  feldspar  porphyries,  ooDglomeiates, 
Sic,  in  the  townships  both  north  and  sonth  of  the  Chester-  VaUey  are  really  Lowtf 
PotBdum.  The  effect  of  this  wonld  be  to  add  a  border  of  these  rocks  to  the  area  of 
tlie  (silicious)  Potsdam  as  at  present  indicated  on  the  map,  and  thus  contract  by  this 
much  the  remaining  area  of  real  Azoic  or  Hypozoic' 

The  report  of  Mr.  E.  Y.  D'luvilliers  upon  the  geology  of  the  South 
Mountain  belt  of  Berks  County  contains  an  extended  description  of  the 
*^  l^otsdam  "  sandstone,  or  No.  1  of  Bogers's  classification.  The  opening 
paragraph  throws  a  doubt  ui)on  the  correlation  that  has  been  made  of 
this  lower  sandstone  with  the  Potsdam  sandstone  of  New  York : 

It  would  bo  safer  to  iiairu;  this  foriiiiition  the  Heading  Sandstone  ;  but  iu  the  descrip- 
tions of  its  outcrops  along  the  Little  Lohigh,  the  Lohigli,  and  the  Delaware  Rivers^ 
in  vol.  I  of  this  report,  it  lias  been  called  Potftdam  SandsionCf  taking  for  granted  thsi 
any  sand  formation  underneath  the  Magncsian  limestones  of  the  Great  Valley  uiobt 
be  the  same  sjind  formation  which  in  northern  New  York  underlies  the  Cornifemu^ 
[Calciferousf],  Chazy,  and  other  limestones  of  the  Mohawk  VaUey.' 

The  lower  sandstone  or  conglomerate  and  the  lower  Primal  slates  of 
Rogers  were  not  recognized  in  Berks  County. 

The  lowest  bed  of  the  sandstone,  always  seen  nesting  on  the  gneiss,  is  n  coarse  con- 
glomerate of  angular  quartz  rock  fragments  of  all  sizes  in  u  silicons  itaste.  •  *  * 
The  term  sub-Potsdam  conglomerate  would  express  its  position  underneath  the  Pott- 
dam  quartziU  white  sandstone  proper,  belonging  to  it  by  conformity,  and  separated 
from  the  gneiss  by  nonconformity.* 

A  detailed  description  of  the  outcrop  of  the  sandstones  and  their 
general  character  follows.  Certain  areas  of  slate  exist  iu  i>laces  be- 
tween the  sandstone  and  the  Magnesian  limestone  and  are  referred  to 
the  l^rimal  series.    Where  the  slate  is  not  present  the  limestone  is  im- 

>  Go(>loj;ical  notes  in  the  several  townships  of  Chenter  Count  j-.  Second  Geol.  Surv.  Pcnn.  The  ge- 
ology of  Chester  County.    C4, 18o3,  p.  307. 

»  The  Keoloi:y  of  Chester  County,  aft*r  the  surveys  of  Rogers,  Frazur,  and  Hall.  Second  GooL  Sarr. 
Ponn.,  CCCC  ;  1883,  p.  159. 

«  The  ^eolo^y  of  the  South  Mountain  Belt  of  Berks  County.  Second  Geol.  Sarr.  of  Penn.,  I>3,  Ifift 
to].  2,  ]).  99. 

•  Op.  oit,  p.  100. 
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mediately  above  .the  Potsdam  sandstone.    ^^Its  place  in  the  series  is 
next  above  the  Potsdam  sandstone  formation  ISo.  IJ*  ^ 

In  a  lectare  ni>on  the  ^reology  of  Philadelphia,  Prof.  H.  Carvill  Lewis 
describes  the  Primal  slates  and  Potsdam  sandstone  as  follows: 

On  top  of  the  gnoiss  and  at  the  base  of  that  great  group  of  foesiliferoas  rooks  kuown 
as  the  Paleozoic  System,  is  a  peooliar  fbrmation  in  the  middle  strata  of  which  occur 
the  oldest  fossils  yet  found  in  the  yicinity  of  Philadelphia.  The  lower  part  of  the 
foruiation  is  the  pale  sandy  slate  which  forms  Edge  Hill  and  Barren  Hill,  and  the 
northern  base  of  Chestnnt  Hill.  The  slates  are  closely  folded  and  stand  often  almost 
perpeudicnlar.  *  *  *  A  sandstone,  which  from  its  great  development  at  Potsdam, 
N.  Y.,  has  been  named  from  that  place,  overlies  the  slates  and  often  contains  long 
tubular  fossils,  known  as  SoolithuB  Unearia,  which  appear  to  be  the  casts  of  wonu- 
holes.  *  *  *  On  top  of  this  fossiliferous  sandstone  is  a  series  of  soft,  iron-bearing 
shalesi  often  decomposed  into  variegated  clays,  carrying  exteusivo  beds  of  iron  ore 
(limonite).' 

The  <^  Potsdam"  sandstone  is  described  by  Prof.  Fred.  Prime,  jr.,  as 
it  occars  an  Lehigh  and  Northampton  Counties.  It  rarely  exceeds  25 
feet  in  thicknesS|  and  there  are  no  underlying  rocks  of  any  thickness 
between  it  and  the  unconformably  subjacent  Lauren tian  rocks.  The 
Primal  upper  slate  of  Sogers  is  classed  with  the  Siluro-Oambriau  lime- 
stone.^ 

Prof.  J.  P.  Lesley's  hand  atlas  of  the  sixty-seven  counties  of  Pennsyl- 
vania contains  a  description  of  the  rocks  referred  to  the  Potsdam 
quartzite,  No.  I,  of  Bogers,  in  each  of  the  counties  in  which  they  occur; 
and  the  geographic  distribution  is  shown  upon  the  maps  of  the  counties. 
The  text  presents  the  best  general  statement  of  the  distribution  of  the 
strata  now  referred  to  the  Cambrian  in  Pennsylvania  that  has  yet  been 
liublished.* 

Prof.  Lesley's  r6sum6  was  followed  in  1886  by  an  important  contri- 
bution by  Dr.  Persifor  Prazer  entitled  "  A  sketch  of  the  Geology  of 
York  County,  Pennsylvania."  In  adopting  the  classification  of  the 
Geological  Congress  for  the  s^'stenl  he  places  under  the  heading  ^<  Cam- 
bric" the  Hellam  quartzite  or  Potsdam  sandstone.^  The  lower  series 
or  talcose  slates  of  Rogers  are  considered  in  all  probability  as  iden.tical 
with  the  Azoic  schists;  and  it  is  stated  that  abundant  instances  occur 
of  the  unconformable  contact  of  the  quartzite  upon  the  supposed  equiv- 
alent schists  in  Chester  County.  On  the  geological  map  accompanying 
this  memoir  the  details  and  distribution  of  the  Potsdam  formation  are 
delineated.  The  talcose  schist  of  Rogers,  or  the  upper  member  of  his 
Primal  series,  is  referred  to  the  "Siluric"  as  ''hydro-mica  schists.''*^ 

Dr.  T.  Sterry  Hunt  objects  to  the  interpretation  of  Prof.  Rogers,  that 

»  Op.  cit,  p.  137. 

'The  ;:t>oloj;y  of  PhiladoIphiA.    Franklin  luHt  Jour.,  Zd  Her.,  vol.  85,  1883,  p. 425. 

^Geolu;;y  of  Lehit;h  and  Northampton  Coanties.    Si'cond  Gool.  Snrv.  Peun.,  D3,  vol.  1, 1883,  pp.  210^ 

-*  A  {;eoIo}(icaI  hand  atlas  of  the  sixty-seven  conntien  of  Pennsylvania,  einbodylnj;  the  results  of  the 
Verity  field  work  of  the  survey,  from  1874  to  lh84.    Second  Geol.Surv.Penu.,  X,  1885,  pp.  cxii. 

•  General  notes.  Sketch  on  the  geology  of  York  Connty,  Penns^'lvania.  Am.  PhlL  Soc,  Proc,  vol* 
23,  1886,  p.  308. 

•Op.cit,p.400. 
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tlie  Primal  sandstone.  Auroral  limestone,  and  Matinal  shales  of  central 
Pennsylvania  are  represented  in  southeastern  Pennsylvania.  He  criti- 
cises the  correlation  upon  the  evidence  of  the  presence  of  Soolithus  lin- 
earis, stating  that  he  has  shown  it  to  be  very  distinct  from  that  found 
in  the  Potsdam  sandstone.  The  argument  for  this  is  given  in  his  ^^  Azoic 
Hocks  of  Pennsylvania."^  In  a  later  publication  Dr.  Hunt  concludes 
that — 

Thero  is,  in  fact,  np  to  this  time,  no  evidence  that  the  typical  Pot-sdam  sandstone 
and  Calciferons  sandrock  of  northern  New  York  exist  in  eastern  Pennsylvania;  bnt 
on  the  contrary  there  are  many  reasons  for  supposing  that  in  this  region,  as  in  east- 
ern Canada  and  along  the  eastern  side  of  the  Cham  plain  and  Hudson  River  Valleys,  the 
period  of  these  two  subdivisions  of  the  New  York  system  is  represented  by  the  First 
Gruywacke  of  Eaton,  the  Upper  Taconic  of  Emmons,  which,  as  will  be  shown  farther 
on,  is  now  recognized  as  contemporaneous  with  the  typical  Potsdam  and  Calciferons 
subdivinions.  Rocks  supposed  to  represent  this  Gray wacke  series  ar^  found  in  the 
great  valley  of  Pennsylvania,  and  these,  together  with  the  divisions  immediately  pre- 
ceding them— namely,  the  Primitive  quartz  rook,  the  Primitire  lime  rook,  and  the 
trauHiiiou  argillite — which  constitute  the  Lower  Taconic  of  Emmons^are,  as  we  shall 
endeavor  to  show,  represented  by  the  so-called  Primal,  Auroral,  and  Matinal  of  the 
Boutlioa8t.orn  area.' 

lie  refers  the  sandstone,  limestone,  and  shale  to  his  pre-Gambrian 
Taconian  system,  correlating  the  formations  with  the  Granular  quartzite, 
Granular  limestone,  and  Transition  argillite  of  the  eastern  New  York 
section.  This  correlation,  made  long  before  by  Prof.  Rogers,  is  sus- 
tained by  the  latest  observations.  The  '^  Granular  quartz  "  of  Baton's 
section  is  known  to  be  of  Lower  Cambrian  age ;  the  limestone,  of  the 
TreutonCbazy  horizon,  and  the  argillite  is  referred  to  the  Hudson  ter- 
rane.  If  the  correlation  based  upon  lithologic  characters  and  strnti- 
grapliic  position  by  Messrs.  Rogers  and  Hunt  be  correct,  then  the  quartz- 
ite  of  southeastern  Pennsylvania  is  of  Cambrian  age,  and  the  limestone^ 
with  their  superjacent  shales  and  schists,  are  the  equivalents  of  the 
Trenton  and  Hudson  terranes. 

The  statement  that  the  Upper  Taconic  of  Emmons  is  contemporane- 
ous with  the  typical  Potsdam  and  Calciferous  subdivisions  is  no  longer 
sustained,  as  the  Upper  Taconic  of  Emmons  is  mainly  the  Lower  Cam- 
brian of  the  New  York  section. 

In  a  discuKsion  on  the  rocks  of  Pennsylvania  and  New  York,  Mr,  T. 
1).  Hand  ^  mentions  the  Cambrian  of  ChevSter  Valley,  near  Philadelphia, 
and,  US  undetorinined,  the  hydro-mica  schist  of  the  South  Valley  Hill. 
He  states  tliat  the  Potsdam  really  exists  in  between  the  schist  and  the 
limestone,  which  refers  the  schist  to  the  Archean.  The  sandstone  is 
very  thin,  but  it  rest^  upon  the  Lauren tian  shore  of  the  ancient  ocean, 
which  explains  the  ditt'erences  of  thickness  as  compared  with  the  rocks 
to  the  northwest. 


'  Spciiul   ivport  on  tht»  trap  dikoft  and  Azoic  rorks*  of  Houtheaat^rn  Penm^.vlTania.     Second  GeuL 
Siirv.  Pa..  K.  187H.  pp.  IIU-I.'U*. 

'Th»* 'rat'onic  <^ti«'Htioii  in  (.J»'oloi;y.     Mint^ral  T'h.vsiolotxy  and  I'hyHiography.     A  second  aeriiM of 
€h<'/iiira!  and  uoolojiical  vrtsayH:  11<J<G,  p.  5:i4. 

^A  di.sciiHsion  on  the  rocka  oC  reuuH^Avv^uvA  kuOl  '^tt^  York.    Now  York  Acad.  ScL,  Traiu.,voL8, 
1880,  J)]).  50»  6L 
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MARTUJfft^ 

A  brief  description  is  ^yen  by  Prof.  P.  T.  Tyson,  in  his  first  report,^ 
of  the  rocks  in  Maryland  referred  to  the  Primal  series  of  JEU>ger%.  Two 
formations  are  referred  to  the  Primal :  (1)  a  hard  sandstone ;  and  (2)  a 
slate,  varying  in  color  from  gray  to  brownish  and  greenish.  On  the 
map  accompanying  the  report  the  geographic  distribution  of  the  Primal 
series  is  indicated. 

▼IROINIA. 

One  of  the  earliest  attempts  to  differentiate,  by  lithologic  characters, 
the  formations  of  the  Bine  Bidge  of  Virginia  is  on  the  map  of  a  section 
crossing  it  east  of  Winchester.'  Tiie  Transition,  or  bine  limestone,  is 
represented  as  passing  beneath  the  limestone  shale  that,  in  turn,  dips 
beneath  a  gray  schistose  rock.  This  section  is  of  interest  only  when 
interpreted  by  the  later  sections  of  Prof.  Bogers. 

Prof.  William  B.  Bogers  describes  in  the  Second  BeiK)rt  of  the  Prog- 
ress of  the  Geological  Survey  of  Virginia  the  Primal  series  in  the 
central  counties  of  the  State,  or  of  the  Great  Valley,  as  follows : 

(No.  1.)  This  rock  or  groap  of  rocks,  whioh  U  fteqaently  exhibited  in  e^r tensive 
exposnres  along  the  western  side  and  base  of  the  Bine  Ridge,  more  especially  in  tbe 
middle  counties  of  the  valley,  is  nsnally  a  compact,  rather  fine-grained,  white  or 
yellowish  gray  sandstone.  Where  resting  on  the  declivity  of  the  ridgo  it  presi^nts  a 
gentle  inclination  to  the  northwest — while  the^sabjacent  and  more  ancient  strata  of 
tho  ridge,  in  almost  every  instance,  dip  steeply  to  the  southeast.  In  Page,  Rookiug- 
hani,  Augnsta,  and  Rockbridge  counties  this  rock  forms  the  irregular  and  broken 
ranges  of  hiQs  lying  immediately  at  tho  foot  of  the  main  Blue  Ridge,  and  somottmcs 
attaining  an  altitude  little  inferior  to  that  of  the  principal  mountain.  A  level  region, 
sometimes  of  considerable  breadth,  and  strewed  profusely'  with  the  fragmentHof  tliiH 
rock,  in  general  intervenes  between  these  rugged, hills  and  the  first  exposures  of  the 
valley  limestone.  *  *  •  Talcose  and  micaceous  matter  make  their  appearance  in 
it.  *  *  *  This  micaceous  and  talcose  variety  is  sometimes  found  in  tbe  same  hill 
underlying  the  more  purely  silicious  rock.  The  latter,  in  nearly  all  the  exposnres 
from  the  Balcon^^  Falls  to  Thornton's  Gap,  as  weU  as  in  various  other  places,  exhibits 
vague,  fncoidal  and  zoophytic  impressions  on  the  surfaces  of  bedding,  together  with 
innumerable  markings  at  right  angles  to  the  stratification,  penetrating  in  straight 
lines  to  great  depths  in  the  rock,  and  from  their  frequency  and  parallelism  deter- 
mining its  cleavage  in  nearly  vertical  planes.  These  markings  are  of  a  flattened, 
cylindrical  form,  from  one-eighth  to  one-tenth  of  an  inch  broad,  giving  the  surface  of 
the  fractured  rock  a  ribbed  appearance,  and  resembling  perforations  made  in  sand 
which  have  been  subsequently  filled  up  without  destroying  the  distinctness  of  the 
original  impression.  Precisely  similar  markings  are  found  in  great  abundance  in  the 
white  compact  sandstone  occurring  at  a  higher  point  in  the  series,  ansociated  with 
luiniorouB  unequivocal  impressions  of  fucoides. 

The  extent  to  which  these  sandstones  are  developed  is  comparatively  inconsidera- 
ble in  the  southern  and  northern  counties  of  the  valley,  and  their  structure  and  com- 
l>o.sition  are  in  many  respects  materially  changed.' 


■  First  Import  of  the  State  Afcricaltaral  ChemiHt  of  Maryland.    AnnapoliA,  1860,  pp.  34, 35. 

*(yleni8on,  Thoa.  Q. :  Notice  of  a  geological  examination  of  the  conntry  between  Frederickiibar^^b  and 
Winchester,  in  Yirslnia,  including  the  gold  region.  Geol.  Soc  Penn.,  Trans.,  voL  1, 1835,  map,  oppoi. 
p.  298. 

*  Second  report  of  the  progreas  of  the  geological  survey  of  the  State  of  Virginia,  for  the  year  1887. 
Kicbwond,  1838,  p.  14. 
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The  description  of  fonnatioD  Ko.  I  in  the  third  annual  report  is  as 
follows : 

The  lowest  of  the  Appalachian  rookB  consist  for  the  most  part  of  a«olo6e-grained 
white  or  light  gray  sandstoDO,  in  some  places  containing  beds  of  a  rather  ooarae  con- 
glomerate of  white  silioions  pebbles.  Near  the  bottom  in  many  instances  a  brown- 
ish slaty  sandstone  occnrs  alternating  with  the  former,  while  towards  the  top  or 
approaching  the  next  formation^  the  sandstone  passes  into  reddish  and  brownish 
and  olive-colored  argillaceous  slates. 

This  formation  in  Virginia  is  exclnsively  confined  to  the  western  slope  of  the 
Blue  Ridge  and  the  narrow  belt  of  mgged  hills  and  mountains  extending  thence  to 
the  commencement  of  the  valley  limestone.^ 

In  a  paper  on  <<  The  Lower  Silurian  brown  hematite  beds  of  America," 
Mr.  B.  S.  Lyman  states  that  all  these  beds  seem  to  lie  within  the  Vir- 
ginia and  Pennsylvania  geological  formation  No.  I,  wholly  below  the 
Oalciferoas  Sandrock  of  No.  II.* 

On  the  map  accompanying  the  reprint  of  the  annnal  reports  and 
other  papers  on  the  geology  of  the  Virginias,  published  in  1884,  Pro£ 
Kogers  has  included  under  one  color,  formations  I  to  III  or  the  Primal, 
Auroral  and  Matinal  series.  On  the  large  series  of  sections,  however, 
the  three  are  differentiated  and  No.  I  or  the  Primal  series  is  showii  in 
sections  1  to  19,  and  also  in  89. 

Prof.  W.  M.  Fontaine  has  added  many  details  to  the  section  of  the 
Primal  series  described  by  Prof.  Eogers,  at  Balcony  Falls  in  Bockbridge 
County.  The  sketch  of  the  Balcony  Falls  section^  is  supplemented  by 
that  of  Kockflnh  Gap  and  Harpei-'s  Ferry. 

For  a  further  notice  of  the  results  of  Prof.  Fontaine's  work  the  reader 
•  is  referred  to  the  description  of  the  Cambrian  rocks  of  Virginia. 

In  a  note  upon  the  Potsdam  or  Primal  group  of  Virginia,  prepared  for 
Macfarlane's  American  Geological  Railway  Guide,  Prof.  W.  B.  Rogers 
puts  as  equivalent  formations  No.  I  of  the  Pennsylvania  and  Virginia 
snrvey«  or  Primal  of  the  annual  reports  and  Potsdam  group.  The 
latter  is  used  in  the  nomenclature  of  the  rocks  of  Virginia  and  West 
Virginia.    In  the  note  explaining  the  Potsdam  group,  he  says: 

Tho  Potsdam,  or  Primal  group,  includes  in  Virginia,  where  complete,  besides  the 
Pot+idam  proper,  the  ferriferous  shales  next  above,  and  the  slates,  shaly  grits,  and  con- 
glomerates, below  this  formation.  It  is  exposed  in  varying  mass  and  completoness 
on  the  western  slope  and  in  the  west  ilanking  hills  of  the  Blue  Ridge  throughout 
much  of  its  length,  often,  by  inversion,  dipping  to  the  southeast,  in  seeming  con- 
foru'iity  beneath  the  older  rocks  of  the  Blue  Kidge,  but  often,  also  resting  UDConfomi- 
ably  upon  or  against  them.  These  older  rocks,  comprising  masses  referable  probably 
to  Huronian  and  Lauren tian  age,  include  also  a  group  of  highly  altere<l  beds,  corre- 
sponding apparently  to  the  copper-lwaringor  Keweenian  series  of  northern  Michigan, 
and  perhaps  to  the  lately  described  Dimetian  rocks  of  Wales.* 


"  IJoport  ot  the  i)r(ijriosH  of  tho  j;eolo;;iral  survey  of  Virginia,  for  183S  (Richmood,  18:^),p.6.  A  re- 
print of  the  annual  reports  and  other  papers,  on  the  geology  of  the  Vir>;iDia8.  New  York,  18S1, 
pp.107. 19«. 

*  On  the  Lower  Silurian  brown  hematite  hcdH  of  America.     Am.  Assoc.,  Proc,  vol.  16, 186t,  p.  114. 

•  On  tho  primordial  strata  of  Virginia*.     Ara.  Jour.  Sci.,  3d  ser.,  vol.  9, 1875,  pp,  363-389. 

*Rofi[L'ZV,    W.B.    Virginia  and  West  Vir^nia.     [Geological  formations.]    Macfarlane's  Am.  GtoL 
R.  H.  Guide,  1879,  p.  181. 
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It  will  be  noticed  that  Pro£  Rogers  adopts  the  same  reference  for  the 
ferriferons  or  iron-bearing  slates  and  shales  that  his  brother  did  for  the 
supposed  eqnlTalent  formation  in  Pennsylvania. 

Prof.  J.  L.  Campbell  published  two  papers  in  1879/  in  which  the 
Primal  series  of  Prof.  Sogers  is  described.  These  were  followed  in  1880 
by  a  revised  description  of  the  Silurian  formation  in  central  Virginia.' 
His  observations  will  be  noticed  in  the  section  on  the  Gambrian  rocks 
of  Virginia.  In  another  paper  he  gives  a  definition  of  the  '^  Primordial " 
as  follows : 

The  Primordial, — ^The  (^reat  bed  of  ferriferons  sliales  anfl  sandBtones  skirting  the 
western  base  ot  the  Blue  Kidge  from  Tennessee  to  the  Potomac;  in  the  upper  part  of 
formation  No.  I  of  Prof.  Uogers's  Appalachian  series.' 

The  most  complete  and  detailed  description  of  the  formations  re- 
ferred to  the  Primal  scries  of  Eogerf  is  that  of  Prof.  W.  M.  Fontaine, 
published  in  1883.'*  The  section  is  formed  of  conglomerate  at  the  base, 
subjacent  to  shales,  upon  which  the  so-called  Potsdam  quartzite  rests. 
The  upper  member  of  the  Primal  series  is  the  ferriferous  shales.  The 
entire  thickness  of  this  section  is  given  as  2,380  feet,  and  the  data 
given  by  Prof.  Fontaine  will  be  used  largely  in  the  summing  up  of  our 
knowledge  of  the  Primal  series  in  Virginia.  The  reader  is  referred  to 
that  section  for  further  details. 

In  an  article  upon  the  iron  ores  of  the  valley  of  Virginia,  Mr.  Andrew 
MeCreath  divides  the  '*  Primal  or  Potsdam  sandstone''  (Primal  or  Pots- 
dam formation)  into  (1)  lower  slates,  (2)  sandstone,  (3)  upper  slate. 

First.  In  the  lower  slates,  or  those  geologically  underneath  the  Potsdam  sandstone 
occurR  a  red  hemitite  ore,  sometimes  in  beds  of  considerable  thickness  and  of  good 
quality.  This  is  the  so-called  '*  specular  ore  "  of  the  Blue  Ridge,  and  it  has  been  quite 
extensively  developed  at  nnmerons  points,  notably  in  Bot&tonrt  and  Bedford  Coun- 
ties. *  *  •  Second.  In  the  Potsdam  sandstone  itself,  important  beds  of  iron-ore 
have  been  observed.  The  ore  is  generally  a  close-grained,  brittle,  dark  brown  hem- 
atite, invariably  cold-short.  In  Rockbridge  County  a  bed  of  it  fully  ten  feet  thick  is 
exposed  for  a  considerable  distance  on  the  Vesnvius  property.  •  •  •  Third.  The 
upper  slates,  however,  are  by  far  the  most  important  from  an  economical  standpoint, 
forming,  ns  they  do,  one  of  the  richest  repositories  of  brown  hematite  iron  ore  in 
Virginia.  They  intervene  between  the  Potsdam  sandstone  and  the  base  of  the  cai- 
ciferouH  limestone,  and  they  are  found  all  along  the  western  slope  of  the  Blue  Ridge — 
being  geologically  coextensive  with  it.  They  are  generally  more  or  less  disintegrated, 
or  decomposed  into  variegated  clays;  and  while  they  may  not  always  carry  a  contin- 
uous ore  bed,  yet,  wherever  the  formation  exists,  deposits  of  iron  ore  of  greater  or 
less  extent  ma3'  be  confidently  looked  for.* 

'  Silurinn  formation  in  central  Virginia.  Am.  Jour.  Sci.,  3d  aer.,  vol.  18, 1879,  pp.  16-29.  Geology  of 
Virj^inia :  Balcony  Fallii ;  The  Bine  Ridge  and  its  geological  connections.  Some  theoretical  consider- 
ations,   rind.,  pp.  435-445. 

*The  Silnrinn  formation  in  central  Yirfrinia  (revised).    The  Virginias,  vol.  1,  1880,  pp.  41-45, 54-66. 

3  Th(*  niineml  renonrces  and  advanta*];oH  of  the  country  a(1.)acent  to  the  James  river  and  Kanawha 
Cannl  and  the  Hiirhanan  and  (MIfton  Forgo  lUilway.     The  Virginias,  vol.  I,  1880,  p.  3. 

*  NotoH  on  the  mineral  deposits  at  certain  localities  on  the  western  part  of  the  Bine  Kidge.  The 
Virginia.H.  vol.  4,  18H:j,  pp.  21.  2*2,42-44. 

*  The  iron  orc>s  of  the  valley  of  Virginia.    Am.  Inst.    Mining,  ISng.,  Trans.,  vol.  12, 1884,  pp.  18-20. 
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In  the  sheet  of  sections  accompanying  "The  Virginias^  by  Prof.  Wil- 
liam B.  Kogers,  printed  in  1884,  section  9  crosses  the  Primal  series  of 
Eockbridge  County,  aboat  30  miles  north  of  Balcony  FaUs.  On  the 
eastern  slope  of  the  Blue  Bidge  a  small  synclinal  basin  of  the  Primal 
series  is  represented  as  resting  in  a  hollow  in  the  gneiss;  on  the  western 
slope,  the  Primary  series  is  shown  as  it  occars  in  namerons  sections 
crossing  the  Great  Valley  and  the  Bine  Bidge.  The  editor  of  the  sec- 
tions, Mr.  Jed.  Hotchkiss,  states  in  the  note  Accompanying  them  that  the 
sections  are  "exact  reprodnctions,  in  so  far  as  the  geology  is  concerned* 
of  the  sections  as  Prof.  Bogers  left  them."  From  this  it  is  evident  that 
Prof.  Bogers  became  aware  of  the  prasenoe  of  the  Primal  series  on  the 
npper  eastern  slope  of  the  Blue  Bidge  in  Bockbridge  County  after  the 
publication  of  the  third  annual  report  in  1839,  as  he  stated  then  that 
the  Primal  rocks  were  confined  to  (he  western  side  of  the  ridge. 

Messrs.  J.  L.  and  H.  D.  Campbell,  while  studying  the  geological  re- 
lations of  the  Snowdon  slate  quarries  in  Amherst  County,  on  the  borders 
of  the  counties  of  Bockbridge  and  Bedford,  discovered  the  presence  of 
the  Balcony  Falls  series  of  Cambrian  rocks  and  found  that  the  qoartzite 
passed  beneath  the  slate  of  the  quarries.^  On  the  map  accompanying 
the  paper  (p.  170),  an  ideal  section  shows  the  shales  and  conglomerates 
resting  on  the  gneiss  beneath  the  sandstone,  which  they  have  referred 
to  the  Potsdam  owing  to  its  carrying  Scolithus  borings,  and  above  the 
latter  is  the  slate  belt,  in  which  the  quarries  are  located.  Under  the 
title  of  '<  Geology  of  the  Blue  Bidge  near  Balcony  Falls,  Virginia;  a 
modified  view,"  Prof.  Campbell  corrects  the  statement  made  in  a  former 
pai)er,  in  the  American  Journal  of  Science  in  1879,  that  the  rocks  of  the 

southea8t  slope  are  of  Archean  age.     He  adds  a  sentence  as  follows : 

• 

We  may  coDclnde,  therefore,  that  this  portion  of  the  Blae  Ridge  has  been  formerly 
Hpauncd  by  a  ^rand  arch,  or  series  of  arches,  of  Cambrian  age,  upturned  perhaps  at 
the  time  of  their  upheaval — the  broken  fragments  of  which  have  been  carried  away, 
and  only  the  abutments  left  to  tell  the  story  of  a  great  catastrophe.' 

In  a  letter  on  relation  of  Archean  and  associated  formations  in  Vir- 
ginia, Prof.  W.  M.  Fontaine  states  that  he  finds  in  Virginia  a  valuable 
guide  to  the  true  base  of  the  Potsdam  in  the  conglomerates. 

The  lowest  conglomerate  is  not  always  seen.  It  is  often  very  coarse,  with  pebbles 
sometimes  4  to  5  inches  in  diameter,  and  composed  of  Ijaureutian  or  Huronian  ma- 
terial, according  to  the  nature  of  the  underlying  rock.  The  matrix  is  often  shaly  or 
slatj'. 

It  is  the  conglomerates  overlying  this  stratum  that  afford  the  best  guide,  for  they 
may  always  be  seen. 

They  are  simply  pebble  beds  in  the  slate  or  shale.  The  pebbles  are  from  the  size 
of  a  musket  bullet  down,  and  usually  of  quartz,  often  pink  in  color.  The  pebbles 
look  as  if  they  had  been  scattered  over  a  muddy  bottom,  forming  a  very  peculiar 
conglomerate  in  which  all  the  material  except  the  pebbles  is  a  fine  slate  or  shale. 
Sometimes  some  partially  decayed  feldspathic  matter  occurs  with  the  pebbles. 

» The  Snowdon  nlate  quarries.    The  Vlr^niaa,  vol.  5, 18«4,  pp.  162, 163. 

'Geology  of  the  Blue  Ridge  near  Balcony  Falls,  Virginia ;  a  modified  view.    Am.  Jonr.  SeL,  3d  aer., 
1884,  vol  28,  pp.  222, 223. 
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TboRe  shaltf  wmglameraiM,  tm  we  may  o&ll  tbem,  might  sometimes  be  mUiaken  far 
i-erUiin  amyffdahUlB  of  the  JTtfrpiiiaii  when  the  latter  are  weath6re<1,  bnt  caiefnl  ex- 
amination will  always  detect  the  differeuoe.  I  have  never  seen  any  sbaly  couglom- 
«)rate  in  the  Hnronian. 

I  ani  now  of  the  opinion  that  the  conglomerates  at  the  railroad  bridge  at  Harper's 
Ferry  are  theMe  lower  Potsdam  strata,  bnt  wonld  require  a  reexamination  of  them 
l>efore  I  make  up  my  mind  positively.  I  am  also  inclined  to  think  that  Frazer's 
Monutain  Creek  conglomerate  is  the  same.^ 

Daring  the  year  1886  Prof.  H.  D.  Oampbell  published  a  more  detailed 
account  of  the  discovery  of  the  Potsdam  group  east  of  the  Blue  Kidge. 
A  r^nm^  of  the  section  is  given  as  it  occurs  on  the  northwestern  slope 
of  the  Blue  Ridge  at  Balcony  Falls  for  the  purpose  of  com]>aring  the 
rocks  as  found  upon  the  southeastern  slope.  On  the  eastern  slope  the 
strata  lie  in  a  basin  of  Archean  rocks  forming  a  synclinal,  a  section  of 
which  practically  reduplicates  the  lower  portion  of  a  section  of  the 
^<  Potsdam  group  "  of  the  western  slope.  A  map  and  figure  of  the  sec- 
tion accompany  the  paper.'  In  a  second  article  in  connection  with  his 
father,  the  Carubrian-Primordial  (No.  1  of  Rogers)  is  described  in  con- 
siderable detail,^  and  mention  is  made  of  the  discovery  of  another  area 
referred  to  the  "Potsdam  group"  on  the  eastern  slope  of  the  Blue 
Ridge,  at  Tye  River  gap,  in  Nelson  County. 

Prof.  J.  J.  Stevenson  identifies  the  Cambrian  rocks,  crossing  Mont- 
gomery, Pulaski,  and  Wythe  Counties,  as  the  Lower  Knox  shales  and 
the  Potsdam  of  the  Tennessee  section.  Under  the  title  ^^  Cambrian  ^ 
he  says : 

Here  aro  placed  the  Lower  Knox  shales  and  the  Potsdam.  The  former  are  proh- 
ably  equivalent  to  the  Ifydromica  schists  of  Pennsylvania  and  the  lower  part  of  the 
Caloiferous  of  New  York  ;  the  latter  is  the  Potsdam  of  New  York,  viMtly  increased  in 
thickness. 

No  fossils  were  observed  in  the  Knox  or  the  Potsdam  shale  with  the 
exception  of  ScoUthus  linearis.  The  geographic  distribution  of  the  for- 
mations referred  to  the  Cambrian  is  shown  on  a  nia])  acconi]>anying 
the  paper.  Farther  reference  will  be  made  to  Prof.  Stevenson's  paper 
in  describing  the  Cambrian  rocks  of  Virginia.* 

In  a  paper  read  before  the  (jeological  Society  of  America  December 
31,  1890,  l)y  Messrs.  H.  E.  Geiger  and  Arthur  Keith,  it  is  stated  that 
the  shales  and  qnartzite  at  Harper's  Ferry  represent  the  Hudson  and 
Medina  series  and  not  the  Primal  series  as  stated  by  J^rofs.  Rogers  and 
Pontaine.  They  present  a  number  of  sections  showing  the  slratigniphic 
X)osition  of  the  beds.  In  these  the  normal  succession  is  limestone, 
shales,  and  sandstone.    The  shales  sncceed  the  limestones,  and  overlap 


>  (Lot t«r  on  relatione  of  ArclioMi  and  OrtHOciated  formatii>iia  in  Virj^inia.)  Gool.  Clietitor  Co.,  Pa., 
2d  <  J<H)1.  Siirv.,  C4.  1883,  p.  XV. 

3  The  Potadaiu  ^roup  eaat  of  the  Blue  Ridge  at  Balcony  FallH.  Virginia.  Am  Jonr.  S4*.i.,3d  ser., 
^ol.  'JO,  1885,  pp.  470  474. 

»  Keview  of  William  B.  Kog^^nt's  Geology  of  the  VirginiaH.  Am.  Jour.  Sci.,  3<1  Hor.,  vol.  30,  I88r»,  pp. 
3C4-.'{68. 

*  A  geological  reconnaisaance  of  BUnd,  Gilen,  Wythe,  and  portions  of  Palaski  and  Mont|comerf 
Counties  of  Virginia.    Am.  Phil.  Soc  Proc.,  vol.  24, 1887,  pp.  80-87. 
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npon  the  pre-Paleozoic  rocks,  the  qnartzite  in  turn  resting  upon  the 
shales.  This  makes  the  limestones  represent  the  Great  Valley  lime- 
stone of  Virginia  or  the  Galciferoas-Ohazy-Trenton  belt ;  the  shales,  the 
Hudson  series,  and  the  sandstone,  the  Medina  series  of  the  New  York 
section.^ 

tNORTH  CAROLINA. 

As  now  known  the  Oambrian  rocks  of  North  Carolina  are  confined  to 
the  extreme  western  boundary,  where  the  Ocoee  conglomerate  and 
Chilhowee  sandstone  series  extend  across  from  Tennessee.  This  was 
recognized  by  Prof.  J.  M.  Safford  in  his  work  in  Tennessee ;  and  Pro£ 
W.  O.  Kerr  notes  the  occurrence  of  thin- bedded,  siliceous  slates  at  Paint 
Kock,  on  the  State  line.    He  says  of  them : 

They  are  called  by  Prof.  Safford,  the  geologist  of  the  State  of  TenDosaee,  Chil- 
howee sandstonee,  and  are  set  down  conjecturally  by  several  eminent  geologisto  as 
Potsdam  sandstone.  They  have  never  yielded  any  fossils  by  which  their  geological 
horizon  might  be  determined.  A  few  very  thin  beds  of  argillaceons  date  are  fonnd 
interpolated  here  and  there  between  the  qnartzose  strata. 

Passing  np  the  deep  gorge  which  the  river  has  excavated,  the  qaartzites  are  soon 
found  to  be  interbedded  with  and  are  finally  replaced  by  shales  and  grita,  the  latter 
generally  fine,  bnt  occasionally  approaching  in  appearance  a  breccia  or  coDglomerate. 
Those  are  succeeded  by  heavy  beds  of  argillaceous  slates  and  shales,  which  in  turn 
give  place,  at  Warm  Springs,  to  a  heavy  bedded  blue  and  gray  limestone.  This  is 
followed  by  a  calcareous,  compact,  fine-grained  sandstone,  which  presently  passes 
into  a  gray,  much  jointed  qnartzite  rising  in  vertical  olifls  along  the  river  for  2  miles, 
and  succeeded  by  a  well  characterized  coarse  conglomerate  with  blnish  gray  slates 
and  shales,  at  and  below  the  mouth  of  Laurel  River.  A  little  above  this  point  comes 
ill  a  very  extensive  and  conspicuous  bed  of  feldspathic  quartzite,  or  petrosilex,  which 
coutinuoH  for  more  than  a  mile,  and  then  gnuluates  throngh  a  gneissoid  rock  into  a 
series  of  gray,  drab,  and  mottleil  argillaceous  slates  and  shales.  This  snccession  of 
quartzili^H,  grits,  shale,  limestone,  and  congloiuorate  occupies  in  direct  cross  section 
a  space  of  more  than  10  miles.  I  have  elsewhere  referred  to  the  identity  of  this  for- 
mation with  that  which  is  so  conspicuous  on  Valley  River,  and  shall  therefore  call  it 
the  Cherokee  Slates.  Thoy  x>a«»  in  a  northeast  conrse  up  the  Lanrel  Valley  and 
through  the  Smoky  or  Unaka  Mountains  into  Tennessee.' 

In  a  iioto  on  the  occurrence  of  metamorphic  Silurian  rocks  in  North 
('arolina,  Trof.  F.  H.  J>radley  states  that  the  rocks  about  Franklin  are 
of  Lower  Silurian  a^e,  and  the  marbles  of  Murphy  ami  vicinity  are  the 
equivalents  of  the  Knox  limestones  of  Tennessee,  which  are  of  Quebec 
group  age.^  This  statement  of  Prof.  Bradley's  is  noted  here,  as  it  is 
probable  that  the  formations  examined  by  him  are  equivalent  to  those 
exposed  on  the  French  r>road,  between  Warm  Springs,  North  Carolina, 
jind  Faint  Eock.  If  so,  they  may  be  of  Cambrian  age.  In  a  paper  pub- 
lished the  following  year,  Prof.  Bradley  refers*  to  the  strata  in  the 
vicinity  of  Murphy,  in  soutliwestern  North  Carolina,  and  takes  the  view 


>  Hull,  (r.'ol.  S<>o..  Am<>rica,  vol.  2. 1891.  pp.  15r>-16:{. 

»  Kt'port  of  the  Stat«*  Gcolo^ht  of  Nortli  (Carolina.     Rftloigli,  1869,  p.  29. 

*  Noh*  ou  tbo  ocouiTt*iu-.o  of  luctniiiorphic  Silurian  rocks  in  North  Carolina.     Am.  Jour. Sci.,  3d  ler, 
vol.  8,  lH74,p.  .too. 
*  On  the  Silurian  age  of  the  HoulUcru  ApiAlacbians.    Am.  Jour.  Sci.,  3d  ser.,  roL  9, 1875,  pp.  28fl^  1 
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already  mentioned.  There  is,  however,  more  or  less  of  nncertainty 
in  rehition  to  the  identitieatioa  of  the  rocks  abont  Murphy  and  on  the 
line  of  the  Hiwassee  River;  so  mach  so  that  outside  of  the  recoji^uized 
Gliilhowee  strata  I  think  it  wouhl  be  very  hazardous  to  state  that  the 
Cambrian  is  represented  in  southwestern  North  Carolina.  In  his  de-* 
scriptiou  of  the  stnitified  rocks,  Prof.  Kerr  states  that  so  far  as  known 
the  Primordial  is  represented  only  in  its  lowest  member,  where  it  crosses 
the  northwest  border  in  a  few  points  along  the  Smoky  Mountain.^  A 
description  of  the  section  upon  the  French  Broad,  from  Paint  Bock  to 
Warm  Spring,,  is  reprinted  by  him  (pp.  138, 139),  with  the  statement 
that  Prof.  Safford  makes  the  Paint  Bock  sandstones  to  be  Chilhowee 
or  Potsdam;  the  pits  and  cong^lomerates  below  and  above  Warm 
Springs  to  be  Ocoee  or  sub*Pot8<lam ;  while  the  limestone  is  referred 
to  the  Knox  Dolomite,  which  is  above  tfie  Potsdam.^  He  also  gives 
Prof.  Bradley's  identification  of  the  rocks  that  belong  to  Cherokee 
County  in  the  southwestern  portion  of  the  State. 

TBNNRSSRR. 

The  classification  adopted  by  Dr.  Gerard  Troost,  in  his  fourth  report 
as  geologist  of  the  State  of  Tennessee,  is  as  follows  :^ 

1.  Primordial,  or  Primitive,  or  Crystalline, 

2.  Transition  or  Fragmentary. 

3.  Secondary  or  Sedimentary. 

4.  Tertiary  or  Upper  Secondary. 
.    In  mentioning  this  classification  he  says : 

I  Hhoiild  have  oonfiDed  niysolf  to  tho  two  firet  partfl  of  this  di  vision,  the  Primordial 
and  Transition  serieH,  as  they  constitnte  the  greatest  part  of  tlio  district  that  I  have 
examined. 

This  nomenclature  is  used  in  the  fifth  annual  report,  where  he  states 
that  the  Crystalline  Primordial  rocks  form  the  highest  part  of  the 
Appalachian  Chain.  The  line  of  contact  of  the  Primordial  rocks  with 
the  Transition  or  Fragmentary  coincides  in  a  general  way,  but  not 
exactly  with  the  boundary  line  between  Tennessee  and  Korth  Carolina. 

The  country  lyinji^  between  the  Great  Smoky  Monntains  and  the  Cnmbcrland 
Mountains,  or  East  Tennessee,  is  for  the  most  part  composed  of  strata  of  granwacke, 
Haudstone,  and  limestone  alternating  with  each  other,  and  in  which  organic  remains 
are  rarely  found ;  these  strata  are  highly  inclined,  approaching  in  some  places 
towards  the  vertical,  dipping  more  or  less  towards  sontbeast  and  running  nearly 
parallel  with  the  Smoky  Mountain  ridge;  they  are  covered  in  several  places  by 
horizontal  strata  of  limestone  of  a  dark  gray,  approaching  to  a  black  color,  and  hav- 
ing a  granular  structu  re.  It  is  in  some  places  characterized  by  Maclurites,  Le  Sneur, 
Canoturbtilaria,  nobis,  IsotelluSf  Dekay,  and  several  species  of  Calamoporaf  Goldf.  -* 

On  the  map  and  sections  accompanying  the  report  the  Primordial  or 
Crystalline  series  is  colored  blue,  and  the  Secondary  or  Grauwacke 


*  Kcport  of  the  geological  Aiirvoy  of  North  CarollDa,  vol.  1, 1875,  p.  115.    Baleigh. 
»  Op.  olt.,  p.  140.  ^ 

*  Foarth  report  of  the  geologint  of  the  State  ot  Tennesaee.    KaahviUe,  ISSft^  -^J 
«  Fifth  geological  report  on  the  State  of  TenneaaeA.   lSM&ivi31b|'\Mft%  V*^ 
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series,  composed  of  grauwacke,  slaty  granwacke,  sandstone,  and  lime- 
stone, which  extend  from  the  Primordial  series  to  where  they  are  lost 
under  the  Cumberland  Mountains,  is  colored  yellow,  thas  roaghly  ont- 
lining  the  relations  of  the  Cambrian  and  pre-Cambrian  rocks  of  east- 
em  Tennessee. 

Before  publishing  the  Sixtb  Annual  Report,  Dr.  Troost  read  Morchi- 
son's  ^^  SiluHa,"  and  also  the  observations  of  Prof*  Sedgwick  on  the 
Cambrian  rocks  of  Wales.  In  discussing  the  changes  of  nomenclature 
made  necessary  in  accepting  the  views  of  Messrs.  Murchison  and 
Sedgwick,  he  says : 

After  having  pointed  oat,  in  my  last  report,  the  line  of  junction  of  the  Primordial 
or  crystalline  rocks  in  East  Tennessee,  I  mentioned  that  the  country  west  of  the  line, 
which  separates  Tennessee  from  the  State  of  North  Carolina,  is  composed  of  gran- 
wacke, slate,  limestone,  etc.  All  this  country,  according  to  the  views  of  Mnrchiwm 
and  Sedgwick,  belongs  to  a  new  division,  which  they  call  the  •Cam6ruif»  system. 

This  series  of  strata  contains  few  organic  remains ;  in  fact,  I  have  carefully  exam- 
ined, in  this  respect,  the  Tennessee  strata  and  have  never  discovered  any  in  them.' 

In  his  attempt  to  identify  the  Cambrian  and  Siluriansy  stems  iu 
Tennessee,  he  included  rocks  in  the  Cambrian  system  that,  under  the 
original  definition  of  Sedgwick  for  that  system  in  Wales,  is  surprisingly 
correct.  In  describing  the  geographic  distribution  of  the  Cambrian 
system,  he  says: 

I  consider  the  termination  of  the  Cambrian  System  towards  the  west.  This  system 
couimences,  as  already  observed,  about  the  line  which  separates  the  State  of  Ten- 
nessee from  North  Carolina ;  and,  as  mentioned  in  my  preceding  reports,  is  also,  with 
a  few  exceptions,  the  line  of  separation  between  the  transition  and  primordial  strata.* 
It  rnns  sometimes  a  few  miles  into  North  Carolina;  sometimes  pouetrato.s,  for  a  feu 
miles,  into  TeuneMsee,  forming  the  great  Unica  or  Smoky  Mountain,  Bald  Mountain, 
andiron  Mountains;  but  the  culminating  ridge  of  this  mountain  chain  is  mostly 
composed  of  the  Cambrian  rocks,  while  south  of  it  the  crystalline  or  Primordial  rocks 
are  found. 

Leaving  this  ridge  in  a  north,  or  rather  northwest  direction,  we  have  a  series  of 
slaty  rocks,  containing  here  and  there  chlorite,  passing  into  talcose  slate — or  into 
quartzite.  This  series  seems  to  be  equivalent  to  Sedgwick's  Lotrer  Cambrian  scries: 
Kome  extensive  strata,  mostly  of  browu  or  reddish  brown,  fine  graine<l  limestone 
occur  occasionally  in  this  series;  such  a  stratum  is  seen  about  5  miles  wost  from 
the  Primordial  rocks,  crossing,  near  the  Warm  Springs  in  Buncombe  County,  the 
French  Broad  River.  We  have  then  a  series  of  strata  of  slates  aud  sandstone,  and 
about  4  or  r>  miles  west  of  Newport  a  limestone  stratum  appears  again,  exteudin»^ 
through  Cocke  an<l  Sevier  counties,  parallel  to  the  above-mentioned  high  chain.  I 
suppose  the  Lower  Cambrian  system  terinin<ates  there. 

Upon  the  Lower  Cambrian  rocks  follows  another  series.  It  is  composed  of  roofing 
slate,  glossy  aluminous  slate,  and  sandstone.  A  ridge  of  fine  roofing  slate  crosses 
Sevier  County.  I  believe  that  this  series  commences  with  Star's,  Tellico,  and  Chil- 
howeo  Mountains  in  McMinn,  Monroe,  and  Blount  counties,  ranging  parallel  with  the 
great  Smoky  Mountain,  extending  in  a  southeastern  direction  through  Sevier  County. 
I  have  not  been  able  to  trace  it  further  t-o  the  northeast.  This  series  seems  to  be 
equivalent  to  the  Middle  Cambrian.     »     •     * 

I  consider,  as  Htated  above,  that  Bay's  Mountain  forms  the  upper  part  of  the  Cam- 
brian sijHiern—OT^  that  it  perhaps  belongs  to  the  Old  Red  sandstone — that  hence  towards 


'Sixth  aiiijual  report  of  the  K«>o\oK^caV  HUT\e^  ot  n^«A\\v««;9^«,  V»^  U\e  State  geoloi^Ut.    Nashville^ 
841,  p,  4. 
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the  noT^of  that  monpfaitn  ohiin  anolfcar  Jtwiaittfam  aommenoiw^  wldohisthe  Murfoii 
^y^lrai  df  MarahiwHi,  and  ertands'iMwtiiwwd**^^  tiie  lliia  which  aeparste  this 
Stole  fkom  y)iginto^*ln  IMi  11  aimlimm  iBto  «^ 

In  his  daaoriptioD  of  Beviv  Oooatiy  tiie  Tooflng  slate  and  other  slaty 
rooks  and  tliie  non-fiMsUlftvons  limestones  are  taAoned  to  the  Oambriaii 
gronp.' 

Dr.  Troost  identifled  fhi^  Oambrlan  grbap  in  Tennessee  ^ith  that  of 
Wales  entirely  npon  the  liUudogioehaiacters  and  the  absence  of  organic 
lemidns;  and  npon  the  fiMSt  tiiat  it  was  snpoeeded  by  a  series  of  lime- 
stones firom  which  he  obtained  and  identifled  Sflniian  Ibssils.  Although, 
in  the  light  of  onr  present  knowledge,  there  were  many  inaccaracies  in 
this  correlation  it  exhibits  a  comprdiensiye  grasp  of  the  views  ex- 
pressed by  Messrs.  Hnrduson  and  Sedgwick  and  nnnsnid  clearness  in 
the  correlation  of  the  groups  of  rocks  in  the  two  coontries. 

In  a  sketch  of  the  general  geology  of  the  Hiwassee  copper  region 
Frot  J.  P.  Lesley  describes  this  primary  region  of  the  Hiwassee  and 
Ocoee  Bivers  as  a  southern  prolongation  of  the  metamorphic  rocks 
of  the  Blue  Bidge,  South  Mountain,  and  Highlands  of  the  Middle  and 
I^orthem  States. 

It  greatly  leeenibleB  in  ereKjr  imporisnt  s^ologioal  partloitUr  the  imoge  of  the  White 
Hills  in  New  Hampehir^.  •  •  •  •  They  sis  not  priinary  loeke,  granitee  or  por- 
phyry, bat  the  Primal  and  Matinal  aandstoneSi  ahalee,  and  limestones  and  conglom- 
erates at  the  base  of  the  older  seoondary  serieSi  baked|  orystallize^  and  nptamed  in 
collapsed  synclinal  and  anticlinal  axes. 

He  describes  the  section  on  the  line  of  the  Ocoee  Biver  as  formed  of 
slightly  metamorphosed  conglomerate  strata. 

In  places  these  rocks  are  a  simple  pea  conglomerate,  qoartzose,  and  interstratified 
with  the  hardest  homogeneoas  bine  and  gray  grits  and  scarcely  altered.' 

The  preceding  correlation  was  based  npon  the  view  that  the  strata 
now  referred  to  the  pre-Oambrian  Algonkian  series  were  metamor- 
phosed Primal  and  Matinal  rocks,  corresponding  in  age  to  the  unal- 
tered Primal  and  Matinal  rocks  to  the  westward.  That  they  might 
form  a  great  group  of  strata  beneath  the  Primal  and  sapeijacent  to  the 
Primary  proper,  or  Archean,  was  not  at  the  time  entertained  by  the 
writer. 

In  1856  Prof.  J.  M.  Safford  published  his  first  report  of  «<A  Geological 
Beconnaissance  of  the  State  of  Tennessee,"  in  which  he  classified  the 
formations  -as  follows  '^ 

Formation  I. — The  mica  slate  group. 

U. — The  Ocoee  conglomerates  and  slates. 
UL— The  Ohilhowee  sandstones  and  shales. 
lY. — ^The  Magnesian  limestone  and  shale  groap. 

'Op.clt,pp.S^<L  *0p.clt,p.2& 

*  First  annual  report  of  the  boar4  of  direotors  of  (he  Hiwsiaee  Kining  CompMiy,  made  Hay  11, 1868. 
Ifew  York,  1853,  p.l6. 
«  A  Geological  Beooniiaiaaanoe  of  Tennewee  \  flnt  biennial  report    NaahTiUe,  1858,  pp.  151-154. 
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Forniations  III  auil  IV  were  referred  to  the  Cambrian  system,  and 
the  forinatiouH  above  IV  to  the  Siluriau  aud  Devonian  systems,  etc. 

The  term  Cambriau  was  used  provisionally  to  unite  the  first  two  fos- 
sil-bearing formations.  The  upper  portion  of  formation  No.  lY,  or  the 
limestone  member,  was  subsequently,  in  1869,  referred  to  the  Knox 
dolomite. 

This  preliminary  report  was  followed  in  1869  by  the*  volume  on 
"  Geology  of  Tennessee,"  in  which  all  the  strata  now  referred  to  the 
Cambrian  are  described  in  detail.^  A  map  illustrating  the  geographic 
distribution  of  the  formations  in  the  State,  and  a  transverse  section 
fi*om  the  Korth  Carolina  line  west,  showing  the  stratigraphic  relations 
of  the  formations,  accompanies  the  volume. 

In  speaking  of  the  age  of  the  metamorphic  rocks  of  eastern  Tennes- 
see, which  have  been  referred  to  by  various  authors  as  altered  Silurian 
rocks.  Prof.  Saflfbrd  says :  • 

I  liavo  no  reason  for  believing  that  this  group  within  Tenneasee  inclndes  the 
metaniorphoBed  beds  of  any  formation  of  more  recent  date  than  the  Oooee  oonglom- 
erate  aud  slates.  A  portion  of  the  beds  are  certainly  referable  to  the  Ocoee  group; 
the  remainder,  although  conformable,  may  be  older,  and  most  likely  are.  •  •  • 
In  the  northern  part  of  the  State,  at  mauy  points,  the  passage  of  the  Ocoee  beds  into 
gneiss  is  gradual  and  apparent.  A  considerable  part,  indeed,  of  our  metainorpbio 
rocks  can  be,  I  think,  thus  referred  t-o  these  beds.  The  question  as  to  the  greater  ago 
of  other  parts  is  not  so  easil}"^  settled,  and  must  remain  open  for  the  present.  I  know 
of  no  sutHcieut  reason  for  referring  any  of  these  rocks  to  the  Uuronian  or  Laurentian 
series  of  Canada.^ 

It  will  thus  be  seen  that  the  line  of  demarcation  between  the  pre- 
Cambrian  rocks  aud  the  Cambriau  rocks  has  not  been  closely  defined 
in  Tennessee.  It  is  only  by  comparison  with  the  more  clearly  defined 
line  found  in  the  sections  of  the  Blue  liidge  in  Virginia  that  wo  ai*eled 
to  consider  that  the  metamorphosed  rocks  belong  to  an  Algonkian 
group  between  the  Cambrian  and  the  Archean.  The  studies ^bich  are 
now  in  progress  under  the  direction  of  the  Geological  Survey  clearly 
demonstrate  this,  aud  give  as  the  base  of  the  Cambrian  a  series  of  sand- 
stones. Where  the  siindstoues  and  conglomerates  are  ma<le  up  of  the 
m<'ilerial  derived  from  the  adjacent  Algonkian  or  Archean  rocks  they 
will  necessarily  have  something  of  the  character  of  those  rocks,  and  it 
may  be  diilicult  in  many  instances  to  indicate  the  actual  line  of  demarc- 
ation, especially  where  the  basal  beds  have  been  more  or  less  altered 
aud  disturbed  by  the  subsequent  folding,  faulting,  aud  compression 
that  jM;comi)anied  the  Appalachian  uplift. 

As  delined  by  Saflbrd,  ISeries  II,  or  the  Potsdam  group  of  Tennessee, 
consists  of — 

1.  The  Ocoee  conglomerate  and  slat43S. 

2.  The  Chilhowee  sandstone. 

3.  The  Knox  group  of  shales,  dolomites,  and  limestones. 


^Qco}ot;y  of  TouutsMaeo.    Nash  ville,  18Q9,  pp.  1 82-226.  » Op.  ci t,  pp.  177, 178. 
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As  known  to  me  at  the  present  time  the  dolomites  and  limestx)ue  are 
referred  to  the  Lower  Silariau,  as  the  equivalent  of  the  Calciferous  and 
Chazy  zones  of  the  New  York  section.  This  refers  the  Knox  shale  tp 
the  XJpi)er  Cambrian.  Prof.  Safford  states  that  it  is  not  easy  to  separate 
lithologicaliy  the  Ocoee  sub-group  from  the  Chilhoweej  as  they  often  mn 
into  each  other.  The  distinction  between  the  latter  and  the  Knox  is 
much  more  apparent.^ 

The  Ocoee  Conglomerate. — The  typical  section  of  the  Ocoee  conglom- 
erate in  the  gorge  of  the  Ocoee  Biver,  is  described  by  Prof.  Sallbrd  as 
follows : 

Tho  strata  are  well  displayed.  They  are,  in  general,  ooarae  gray  cougloiiierates, 
talcose,  ohlorite  and  olay  slates  repeatedly  iuterstratifiod,  all  having  a  seini-Diotaiuor- 
phic  aflpect.  The  slates  predominate,  and  of  these,  the  greenish  and  light  bluish  gray, 
or  the  chloritic  and  talcose  varieties,  are  the  most  abundant.  *  •  *  The  middle 
part  of  the  seotio^  presents  little  congloiSerate,  but  in  the  upper  part  it  abounds. 

*    *    *    The  lower  part  of  the  gorge  has  several  bands  of  conglomerate^ 

The  thickness  of  the  Ocoee  fbrmation  was  not  determined.  Provis- 
ionally it  was  estimated  to  be  more  than  10,000  feet  (p.  186).  As  shown 
on  the  map,  the  main  portion  of  the  Ocoee  conglomerate  occurs  south  of 
Nolich  ucky  Bi ver.  In  Johnson  County  in  the  extreme  northeastern  cor- 
ner of  the  State,  it  occurs  as  a  narrow  band  next  to  the  metainorphic 
series.  South  of  the  French  Broad  Biver,  it  occupies  a  wide  belt  to  the 
Georgia  line.  Prof.  Safford  says  it  is  truly  a  mountain-making  forma- 
tion. 

The  recent  work  of  the  TJ.  S.  Geological  Survey  has  shown  that  the 
Ocoee  conglomerate  is  of  Silurian  age,  and  it  is  not  to  be  included  with 
the  Cambrian. 

The  description  of  the  Ghilhowee  sandstone,  and  Knox  shales  and 
sandstone,  will  be  given  in  the  summary  of  the  present  knowledge  of 
the  Cambrian  rocks  of  Tennessee. 

A  r6snm6  of  the  geology  is  given  in  a  report  upon  the  resources  of 
Tennessee,  by  Mr.  J.  B.  Killebrew,'  which  was  prepared  by  Prof.  Saf- 
ford. It  is  a  brief  restatement  of  the  character  of  the  formations  as 
described  in  the  "  Geology  of  Tennessee,''  and  the  geological  map  ac- 
companying it  is  based  upon  that  published  in  18G9. 

When  discussing  the  Silurian  age  of  the  Southern  Appalachians,  Prof. 
F.  H.  Bradley  considered  that  the  Knox  group,  of  Safford,  included  the 
Quebec  group  and  the  Calciferous ;  the  Chilhowee  sandstone  repre- 
sented the  typical  Potsdam ;  and  the  Ocoee  the  Lower  Potsdam  or  Aca- 
dian group.  He  also  thought  that  the  rocks  of  Korth  Carolina,  south 
and  west  of  the  Little  Tennessee,  together  with  the  metamorphic  area 
of  Georgia,  north  of  a  line  parallel  with  and  10  miles  south  of  the  Chat- 
tahoochee (and  probably  that  south  of  this  line),  and  the  entire  meta- 
morphic area  of  Alabama,  are  Silurian  ornewer^  with  the  possible  excep- 

I  Op.  oit ,  p.  182.  *  Op.  oit ,  p.  184. 

•  SeaonroM  of  Tennessee.    Ksshyille,  1874,  pp.26-48. 
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tion  of  two  or  three  small  patches  not  over  10  miles  in  diameter.^  A 
description  of  sections  from  Athens  and  Knoxville,  Tennessee,  to  Mur- 
phy, North  Carolina,  accompany  the  paper. 

The  descriptive  notes  and  conclusions  of  Prof.  Bradley  were  followed, 
in  1883,  by  the  expression  of  a  somewhat  similar  view  of  th^age  of  the 
Southern  Appalachians  by  Mr.  J.  B.  Elliott,'  in  which  he  oonoluded  with 
Bradley  that  the  metamorphosed  strata  e%st  of  the  unaltered  Ocoee  and 
other  ^' Lower  Silurian''  rocks  were  formed  of  metamorphosed  strata  of 
the  Knox  section. 

In  the  table  of  formations  accompanying  Macfarlane's  American 
Geological  Railway  Guide,  Prof.  J.  M.  Safford  arranges  the  formations 
now  referred  to  the  Cambrian  in  the  following  descending  order : 

Sh.  Knox  shale. 

3a.  Knox  sandstone. 

2b,  Chilhowee  sandstone.      "  • 

2a.  Ocoee  group. 
Ho  places  as  equivalent  formations,  following  Dana's  Mannal,  the 
Ocoee  and  the  Acadian ;  the  Chilhowee  and  the  Potsdam ;  the  Knox 
sandstone  and  the  Calciferous ;  and  the  Knox  shale  and  the  Quebec. 
This  is  the  classification  suggested  by  Bradley.'  The  Metamorphic 
group,  Ko.  1,  beneath  the  Ocoee  group,  is  correlated  with  the  Archean. 
In  an  attempt  to  assign  to  the  proper  stratigraphic  horizon  the  rocks 
referred  to  the  Cambrian  group  in  the  United  States  and  Canada,  Mr. 
C.  1).  Walcott  correlated  the  Knox  shale  and  sandstone  with  the  Pots- 
dam sandstone.  The  supposed  subjacent  Chilhowee  sandstone  and 
Ocoee  conglomerate  were  referred  t-o  a  position  corresponding  to  the 
horizons  of  the  Olenellus  and  Paradoxides  faunas.*  Subsequently, 
references  to  the  two  formations  were  omitted,  pending  an  investiga- 
tion of  their  true  stratigraphic  position.  The  discovery,  in  1889,  of  the 
Olenellus  fauna  in  the  shales  resting  conformably  in  the  Chilhowee 
series,  thus  verifying  Prof.  JSattbrd's  section,  affirms  the  correlations 
of  1883,  except  that  it  carries  the  Middle  Cambrian  zone  above  the 
Chilhowee  sandstone  and  drops  the  Ocoee,  if  it  i)roves  to  be  beneath 
tlie  Chilhowee  quartzite,  back  into  the  Basal  Cambrian. 

GEORGIA. 

Of  the  Transition,  or  older  fossiliferous  rock  formation,  Mr.  George 
White  said,  in  1849,  tiiat  it  has  been  less  explored  than  any  other  part 
of  the  geology  of  Georgia. 

That,  part  of  it  wliicli  oxteiids  from  tho  weBtern  base  of  tho  primary  rocks  to  the 
(Miattoopitta  rango  of  moiiiitaiuM,  and  wliich  forms  tlio  valley  of  tho  Oostanaiilft 

"On  till' Silurian  airr  of  tho  Southern  Appahichiiins.     Ani.Jour.  Sci.,  M  8or.,  vol.  9, 1H76,  pp.  1*79, 280. 

»  The  ap'  of  the  Soutli»<rn  AppiiUchi'in.s.     A  ni.  .lotir.  Sci.,  'M  mT.,  vol.  25, 1883,  pp.  L'h'J  -::j»8. 

•T«'nn<s.s»'r.     ((li'olo-ijiiiil  lorniation.s.)    Ma<- fa  rhino's  Am.  <f(;ol.  U.  K.(iui(le.  1879,  p.  1U6. 

■•'riM'  i'aniliiian  ^vHti'in  in  the  Uniteil  Stat«'rt  anil  Canaila.  Wjuihin^tou  riill.  Soc..  Bull.,  vol.  (i,  1883, 
p.  IdO.  Sirond  conirihuliun  to  tho  studios  uf  tho  ("anibrian  faunan  of  North  Aiiiorica.  U.  S.  Geol.  Sar> 
vey,  Bull  No.  30, 1880,  p.  63. 
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Birer,  beloni^  prolmbly  to  the  older  series  of  the  New  Tork  fonnatioiiSy  m  those  por- 
tions which  have  been  examined  contain  Potsdam  sandstonesy  Calciferons  sandrook 
and  limestones  of  the  Trenton  group.    Very  Ibw  fossils  have  been  found  in  it.^ 

This  brief  description  is  accompanied  by  a  map,  upon  which  the  tran- 
sition or  oldest  fossiliferoas  formations  are  indicated  by  one  color,  in 
the  northwestern  corner  of  the  State. 

As  in  the  case  of  North  Carolina  and  Alabama,  a  long  interval  elapsed 
between  the  first  geological  survey  and  the  renewal  after  the  conclu- 
sion of  the  civil  war.  In  1876  Mr.  George  Little  published  an  account 
of  the  geological  formations  in  (Georgia,  to  accompany  Janes's  Haod- 
Book  of  the  State.    He  divides  the  Lower  Silurian  into  two  periods. 

The  hydromica  schists  of  the  copper-bearing  series  of  the  Mobile  mine  and  Duck- 
town,  and  Ocoee  conglomerates  and  slates  along  the  Ocoee  Eiver  on  the  Teunessee 
line,  and  on  the  Etowah  River,  near  Cartersville,  are  the  lowest  in  position  of  the 
rocks  in  the  State,  and  form  a  group  of  (2)  Primordial  rooks  corresponding  to  what 
is  called  the  (2a)  ^^cadian  epoch  in  Canada.  The  conglomerate  is  made  up  of  feld- 
spar and  a  bluish  quartz.  The  slates  are  hard  and  siliceous.  This  group  of  rocks  is 
overlaid  in  the  Cohntta  Monntains,  and  on  Pine  Log  Mountain  in  Bartow  County, 
by  a  saodstone  called  the  Chilhowee,  from  a  mountain  of  that  name  in  Tennessee, 
corresponding  to  the  Potsdam  sandstone  in  New  York,  •  •  •  ^^d  belongs 
also  to  the  (2)  Primordial  period  and  to  the  (2ft)  Potsdam  epoch.  This  sandstone 
appears  in  the  north  of  Haralson  and  Paulding  counties,  and  in  Yonah  Mountain, 
White  County,  and  Tallnlah  Mountain,  Habersham  County,  being  at  all  these  places 
altered  into  gneiss  by  metamorphism. 

The  next  period,  called  (3)  Canadian,  embracing  the  (a)  Calciferoui  *  *  *  of  New 
York,  •  *  *  the  (h)  Quebec  epoch  in  Canada,  and  the  (o)  Chasy  limestone  of  New 
York,  is  represented  by  impure  sandstones  and  cherty  dolomitic  limestones  in  the  north- 
western counties ;  by  a  sandstone  on  the  western  slope  of  the  Cohutta  Mountains ;  and 
in  the  metamorphic  region  to  the  eastward  and  southward  by  calcareous  schists,  hydro- 
mica  schists,  marble,  and  itacolumite  of  the  Quebec  epoch,  and  by  calcareous  schists 
of  the  (a)  Calciferons  epoch.'^ 

This  arrangement  follows  that  of  Prof.  Safford  in  Teunessee  except 
that  the  Knox  sandstone  and  the  Knox  shales  are  not  included. 

In  a  work  on  ^^  The  Commonwealth  of  Georgia,"  prepared  under  the 
direction  of  J.  T.  Henderson^  in  1885,  there  is  a  general  description  of 
the  geology  of  the  State.  The  Acadian  or  the  Ocoee  and  Chilhowee 
formations  and  the  Knox  shales  are  all  recognized.  Reference  to  this 
description  will  be  made  in  the  summary  of  our  present  knowledge  of 
the  Cambrian  rocks  of  Georgia. 

In  the  Tenth  Census  report  a  brief  r<^sum6  of  the  geology  is  given 
with  relation  to  the  soils  formed  from  their  decomposition.  In  this  Mr. 
A.  K.  McCutchen  states  that  the  aggregate  thickness  of  the  groups, 
estimating  the  Primordial  at  8,000  feet,  and  taking  the  maximum  thick- 
ness of  each  of  the  higher  groups,  amounts  to  about  20,000  feet.  The 
Primordial  and  Calciferons  are  followed  by  rocks  referred  to  the  Qncbec 


<  StatiAticH  of  the  State  of  Georgia.    Sayannah,  1849,  p.  22. 

"*  Little,  Gcor>;o.  Geolof;ical  Hurrey  of  the  State  of  Georgia.  Handbook  of  the  8tat«  of  Goorf^ia, 
witli  >;e4tlotf ir  map  of  State,  by  T.  F.  JaoeA,  1876,  p.  37. 

'Geology  (of  Gt)orj;ia).  Tlio  Commonwealth  of  Georgia.  The  ooontryt;  the  people;  the  produc* 
tione.    AtUnta,  1885,  pp.  73-117. 
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groap ;  first  by  about  2,400  feet  of  shales,  and  then  by  6,000  feet  of 
ciierty  limestones^  Combining  these  estimates  we  have  8,000  feet  of 
Primordial  and  2,400  feet  of  shales  corresponding  in  position  to  the 
Kuox-shalesy  which  gives  a  total  of  10,400  feet  for  the  Cambrian  rocks 
of  Georgia,  as  estimated.  This  paper  is  accompanied  by  a  section 
crossing  Dade,  Walker,  and  Gordon  Gounties  in  northwestern  Greorgia. 
The  stratigraphic  relations  of  the  Cambrian  rocks  are  shown  as  they 
occur  in  Gordon  County. 

A  geological  section  of  the  Cambrian  rocks  of  northwestern  Georgia 
has  recently  been  published  by  Mr.  C.  Willard  JBEayes  of  the  IT.  S. 
Geological  Sui'vey.  It  is  referred  to  in  the  description  of  the  Gambrian 
rocks  of  Georgia.' 

ALABAMA. 

The  report  of  Pro£  M.  Tuomey  for  1858  ^  contains  a  very  general 
description  of  the  formations  of  the  State,  and  on  the  accompanying 
map  the  Silurian  and  Devonian  formations  are  included  under  one 
color,  so  that  it  is  impossible  to  differentiate  that  portion  of  the  Silu- 
rian formation  which  has  subsequently  been  found  to  belong  to  the 
Cambrian  group.  In  a  general  north  and  south  section,  showing  the 
disi)08ition  of  the  strata,  the  Silurian  and  Devonian  rocks  are  repre- 
sented as  unconformably  subjacent  to  the  Coal  Measures  and  mountain 
limestone. 

A  long  interval  elapsed  between  the  work  of  Prof.  Tuomey  and  tlie 
organization  of  the  geological  survey  under  Prof.  Eugene  A.  Smith, 
lu  tlie  report  of  progress  of  the  latter,  for  the  year  1875,  a  general 
description  of  the  geological  formations  of  13ibb,  Shelby,  Talladega, 
and  Calhoun  Counties  is  given.  In  this  area  there  is  a  large  develop- 
ment of  metaiiiorphic  rocks  described  by  Prof.  Smith  in  the  iex)ort  for 
1S1^»*    Of  this  series  he  says : 

On  theKoutlieastcrn  border  of  the  Silirriau  formation  in  Alabama,  from  the  Georgia 
line  to  the  northejwit  corner  of  Chilton  County,  a  utratum  of  crystalline  limestone, 
almost  pure  carbonate  of  lime,  may  be  traced  by  its  occasional  oxposured.  •  •  * 
Succeeding  this  limestone  and  apparently  overlying  it  conformably  *••!«« 
series  of  semi-nietaniorphic  strata  between  15,000  and  20,000  feet  in  thickness,  strik- 
ing; northeast  and  southwest  and  dipping  at  high  angles (45 ')  southeast.  Tliis  series, 
beginning  below,  is  composed  of  greenish  gray  hydro-mica  slates  (talcoid  alates,  nac- 
reous argiilites,  talcose  slates),  passing  upwards  into  a  conglomerate  by  enclosing 
lumps  of  (juartz;  these  slates  are  succeeded  by  thick  beds  of  quartzite,  alternating 
with  greenish  chloritic  schists.  The  quartzite  in  places  is  a  thin-bedded  siliciouc 
slate,  again  a  thick-bedded  quartzose  conglomerate,  and  still  again  a  laminated 
quartzose  or  arenaceous  rock,  not  very  coherent,  and  enclosing  small  grains  of  qnarU. 


» Northwest  Georgia.    (Gooloj^c  descriptioD.)    Tenth  Census  U.  S.,  vol.  6;  Report  on  Cotton  Pio 
ductiou  in  the  United  States,  Part  2,  18^4,  p.  287. 

«  The  overthrust  faolta  of  the  southern  Appalacliiana.    Bull.  Geol.  Soc.  America.   Vol.  2,  Feb.,  18il» 
p.  143,  pi.  3- 
•  Second  biennial  report  on  the  geolo^^y  of  Ahibama.    Montgomery,  1858,  pp.  168. 
•Geological  survey  of  Alabama.    Keport  of  progress  for  1874.    Moutgomoiy,  A^ftj^n^nn  xsTt  im» 


WALCOTT.)  ALABAMA.  147 

This  series  of  quartzitee  in  Uieir  wTeral  vftrieties  makes  ap  the  main  body  of  the 
Blae  MouD tains  range  in  Alabama. 

These  strata  are  the  probable  equivalents  in  Alabama  of  the  Ocoee  conglomerates 
and  slates  of  Pro£  Safford,  of  the  Tennessee  survey,  by  him  referred  to  the  Silurian 
age  underlying  the  Potsdam.  By  Prof.  Sterry  Hunt  the  entire  system  of  orystalline 
schists  has  been  referred  to  pre-Silnrian  and  pre-Cambrian  age.  My  own  observations 
in  the  field  while  inclining  me  to  the  latter  view,  have  not  been  sufficiently  extended  to 
enable  me  to  form  an  independent  Judgment  on  this  point.  *  *  *  Mr.  F.  H. 
Bradley  refers  to  the  Lower  Silurian  all  the  metamorphic  rooks  of  North  Carolina  as 
far  east  as  Franklin.^ 

This  metamorphic  belt  is  apparently  the  same  as  the  altered  Silurian 
rocks  of  Prof.  Bradley,  as  stated  by  Prof.  Smith,  and  also  of  the  altered 
rocks  forming  the  northward  extension  of  the  Blue  Eidge  through  Ten- 
nessee, Virginia,  and  Maryland  into  Pennsylvania,  where  it  forms  the 
South  Mountain. 

In  the  report  for  1875  Prof.  Smith  states  that  he  has  followed  the 
Tennessee  subdivisions  as  found  in  Prof.  Safford's  published  volume.' 
XJucAr  the  caption  of  ^^  Lower  Silurian,"  the  Primordial  or  Cambrian 
I)eriod  is  divided  into  (1)  Acadian  epoch  and  (2)  Potsdam  epoch.  The 
Acadian  slates  and  conglomerates  of  Talladega  County  are  considered 
to  be  the  exact  equivalents  of  Safford's  Ocoee  slates  and  conglomer- 
ates.^ The  direct  superposition  of  the  sandstone  referred  to  the  Pots- 
dam, upon  the  Acadian  slates,  is  not  well  shown  iu  Alabama.  The 
formation  consists  of  fine-grained  conglomerate,  heavy-bedded  sand- 
stone, and  sandy  shale.  The  most  characteristic  markings  of  the  rocks 
of  this  formation  are  the  sandy  rods,  caused  by  the  iilliug  in  with  sand 
of  the  burrows  of  a  marine  worm,  Hcolithis  linearis^ 

The  Knox  sandstone  and  Knox  shales  are  referred  to  the  Canadian 
})erii)d,  thus  following  Prof.  Safford's  arrangement  iu  Tennessee.  The 
Kuox  sandstone  is  considered  to  rest  upon  the  sandstone  referred  to 
the  Potsdam,  but  no  contact  of  the  two  formations  iu  such  a  position  is 
known  to  him.  The  sandstone  is  a  (calcareous  sandstone  associated  with 
hard  calcareous  shales. 

The  Knox  shales  are  very  similar  to  those  of  Tennessee,  and  succeed 
conformably  the  Knox  sandstone.  The  line  between  the  Kuox  shale 
and  the  Kuox  dolomite  is  difficult  to  draw  since  the  lower  part  of  the 
dolomite  contains  beds  of  blue  limestone  similar  to  those  iu  the  upper 
part  of  the  shale.  This  report  contains  much  detailed  information  of 
the  strata  referred  to  the  Cambrian  in  Alabama,  and  will  be  principally 
used  in  the  description  of  the  Cambrian  rocks  of  that  State. 

Ill  a  pai>er  on  the  iron  ores  of  Alabama,  with  special  reference  to 
their  geological  relations,  Prof.  Smith  states  that  the  Potsdam  sand- 
stoue  fre(i«ently  contains  large  amounts  of  iron,  principally  as  limonite. 
In  the  Kahatchee  hills,  in  Talladega  County,  the  sandstone  is  some- 
times impregnated  with  iron  in  the  form  of  specular  ore  or  as  mugnetite, 

'Op.cit.,pp.21,22. 

*  Report  of  progress  of  the  geological  sarvey  of  Alabama  for  1875.    Moutgomery,  1876^  ^y.  T^^ 

•  Op.  oit,  ^  127,  «  Op.  dt.,  p.  li. 
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Small  beds  of  limonite  are  found  in  the  Ejiox  sandstone  and  Ejiox 
shales.^  In  1878  the  same  writer  published  an  ontiine  of  the  geology 
of  Alabama  accompanied  by  a  map  of  the  State,  based  upon  that  of 
Taomey,  published  in  1858.  Of  the  age  of  the  metamorphio  rocks  he 
says  that  until  further  examination  he  leaves  the  question  of  age  an 
open  one,  except  in  two  instances,  in  which  he  believes  at  least  a  part 
of  them  are  metamorphosed  Silurian  beds.' 

The  classification  and  general  description  of  the  formations  is  essen- 
tially the  same  as  that  contained  in  the  reports  of  1874-^. 

In  a  report  on  the  physico-geographical  and  agricultural  features  of 
Alabama,  Prof.  Smith  notes  the  character  of  soil  produced  by  the  rocks 
of  the  different  formations,  from  the  Potsdam  to  the  Goal  measures.' 
This  paper  was  also  printed  in  a  general  description  of  the  State  of 
Alabama,  in  vol.  6,  of  the  Tenth  Census.^ 

A  brief  description  of  the  Cambrian  rocks  of  Alabama  is  given  by 
Prof.  Eugene  A.  Smith,  in  a  report  on  the  geological  structure  and  de- 
scription of  the  valley  region  adjacent  to  the  Gahaba  coal  fieM.^  A 
summary  of  it  is  given  in  the  description  of  the  Cambrian  rocks  of 
Alabama. 

Beferences  are  made  to  the  geology  of  Alabama,  in  a  general  way, 
by  Dr.  T.  S.  Hunt,  Prof.  Smith,  and  various  mining  engineers,  but  I 
have  not,  with  the  exception  of  the  preceding  notice,  met  with  original 
contributions  to  the  knowledge  of  the  Cambrian  rocks,  sinoe  the  pub- 
lication of  Prof.  Smith's  detailed  description. 

PALEONTOLOOY. 
NORTHKRN  APPALACHIAN  DISTRICT. 

The  first  discovery  of  fossils  in  rocks,  now  referred  to  the  Lower 
Cambrian,  was  made  by  Dr.  Asa  Fitcb.^  In  the  summer  of  1844  lie 
found  trilobites  in  a  black  slate  in  Washington  County,  New  York, 
which  was  referred  by  Dr.  E.  Emmons  to  the  Taconic  slate  or  ArgUlite 
(1  of  Eaton).  Dr.  Fitch  sent  the  fossils  to  Dr.  Emmons,  who  described 
from  them  two  species  of  trilobites  under  the  names  of  Atops  trilineatus 
and  Elliptocephalus  asaphoides.'^  Believing  that  the  rocks  in  which  the 
trilobites  occurred  were  unconformably  beneath  the  Potsdam  sandstone, 


'  The  irou  ores  of  Alabama,  with  special  reference  to  their  geological  relations.  Am.  Assoc  Proc, 
vol.  27. 1878, 1)]..  247.  248. 

*  ( )utlino  of  the  geology  of  Alabama.    Bemey's  Hand-Book  of  Alabama,  1878,  p.  140. 

*  ((rfological  features  and  divisions  of  Alabama.)  CihH>l.  Survey  of  Alabama.  Report  for  1881  and 
18X2,  18i<:{,  i»p.  178-181 ;  1U2-210. 

*  General  doHcriptlon  of  the  State  of  Alabama.  Tenth  Census  U.S.,  vol.  fl.  Beport  on  cotton  pro- 
duction in  the  Tnited  States,  part  2, 1884,  pp.  11K69. 

»  Geological  Survey  of  Alabama.  Keport  on  the  Cahaba  coal  field,  jwirt  u,  1890,  pp.  148-150.  (Issued 
January,  1891.) 

«  A  JTiHtorical,  Topographical,  and  Agricultural  Survey  oftheCounty  of  Washin/ijton.  Trans.  N.Y. 
State  Agric.  So<:.  for  1819, 1850,  p.  865. 

'  The  Taconic  System,  based  on  observations  in  New  York,  Massachusetts,  Vermont,  and  Bhoda 
Island,  p.  20, 21    Albany,  18%i. 
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Dr.  Emmons  called  them  the  oldest  known  fossQs  in  America.  In  the 
same  work  Dr.  Emmons  described  Fucoides  rigida^  F.  jkxuosa^  Oordia 
marina^  Diplograptus  simples^  and  others  of  Silurian  (Ordovician)  age 
that  he  referred  to  the  Taconic  system. 

The  second  description  of  fosMls  was  made  by  Profl  James  Hall  in 
the  Paleontology  of  New  York,  toL  1, 1847.  Under  the  title  ^<  Descrip- 
tion of  fossils  of  the  Hudson  Biver  group,"  the  following  species  were 
described  as  new:  Orbicula  ecslata  (p.  290),  Orbiculaf  orassa  (p.  290), 
Avicula  t  desquamata  (p.  292),  Theca  t  trianguUms  (p.  313),  Metoptoma  t 
rugosa  (p.  306),  PakeaphyeM  virgatus  (p.  263),  and  Agnostus  lobaius  (p. 
258).  A  description  and  figures  are  given  of  Olenus  asaphoidea^  Em- 
mons, on  pages  256,  257,  pU  67,  figs.  2a-c.  In  a  later  publication^  he 
identified  Gonocephalus  and  Olenus  from  the  Bed  Sandrock  formation 
of  Highgate,  Vermont,  but  did  not  assign  them  to  a  geologic  horizon. 
Id  studying  a  collection  sent  to  him  by  Bev.  Zadock  Thompson,  Prof. 
Hall  determined  and  described  Olenus  thompBoni^  0.  vermontatuij  Peltura 
(Olenus)  holapygaj  referring  them  to  the  Hudson  Biver  group.'  He 
supported  this  reference  by  the  statement  that  Sir  William  Logan  re- 
ferred the  shales  containing  the  fossils  to  the  upper  part  of  the  Hudson 
Biver  group.  In  1860^  he  proposed  the  genus  Barrandia,  to  include 
Olenus  thampsani  and  Olvemumtana.  The  genus  Bathynotus  was  estab- 
lislied  to  include  Olenus  {Peltura)  holopyga.  In  1861^  the  reference  of 
these  trilobites  was  changed  from  the  Hudson  Biver  group  to  the  Quebec 
group ;  and  a  little  later  a  strong  defense  was  made  of  the  reference  of 
the  fossils  of  the  Georgia  slates  to  the  Hudson  Biver  and  Quebec  groups^ 
the  authority  of  Sir  William  E.  Logan  for  the  stratigraphic  position  of 
the  rocks  being  cited.'  Discovering  that  the  proposed  generic  name, 
Barrandia,  was  preoccupied,  he  substituted  the  name  Olenellus  iu  1862.* 
This  is  the  first 'introduction  of  the  name  which  is  now  given  to  the 
Lower  Cambrian  fauna. 

The  last  reference  of  Prof.  Hall  to  the  fauna  is  the  proposal  of  the 
genus  Discinella  for  what  he  considered  to  be  a  small  brachiopod,  but 
which  investigation  proves  to  be  the  operculum  of  Ryolithellus  micansP 

In  notes  on  the  fossils  of  Washington  County,  Dr.  Asa  Fitch'  de- 

'  Hall,  Jameii:  Lottor  on  certain  fossiUof  the  red  sandrock  of  Higlifcate.  3d  Annual  Report  on  th® 
Geology  of  the  State  of  Vermont.    BnrlinKton,  1847,  p.  31. 

*  Kuinarkn  upon  the  trilobites  of  the  ahalcs  of  the  Hudaon  River  group.  Paleontology  of  New  York, 
Tol.  3,  Hiipplemcnt  to  vol.  1, 1850,  pp.  525-529. 

^Notoiipou  the  trilobitea  of  the  ahalen  of  the  Quebec  group  in  the  town  of  Georgia,  Vermont. 
13t  II  A  iiniiHl  Kvport  State  Cab.  Nat.  lliat.,  1860,  pp.  113-110.  Rej[M)rt  upon  the  geology  of  Vermont,  voL 
1,  IHCl.  pp.  307-372. 

*  II  All,  .Jntiiea ;  Correction  for  the  13th  Ann.  Kep.     14th  Ann.  Rep.  State  Cab.  Nat  Hiat.,  18C1.  p.  110, 
^  Hull,  JaniuH:  LotlBr  on  the  Primordial  of  America.    Soc.  g6ol.  France,  Bull.,  2"86rvol.  19,  1862,pp 

72&-734. 

"  Supplementary  note  to  13th  Ann.  Rep.  State  Cab.  Nat.  Iliat.  N.  Y.  15th  Ann.  Rep.  State  Cab.  Nat 
Hint.  N  Y.,  1882,  p.  114. 

'  NoteH  on  some  new  and  imperfectly  known  forma  among  the  brachiopo<la,  etc.  23d  Ann.  Rep.  N. 
Y.  Sf Hte  Mu«.  Nat  iliat,  1873,  p.  246. 

*  A  HiHtoriral,  Topographical,  and  Agricultural  Survey  of  the  County  of  Waahingtou.  Trans.  N.  Y. 
State  Agric.  Soc.  for  1849, 18G0. 
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scribes  FaUeophycus  rectus  (p.  862),  ButhotrephtB  (?)  Mferaidts  (p.  863), 
Helmi7itlioidichnit€8  tenuis  (p.  866),  from  the  slates  now  referred  to  the 
Lower  Cambrian.  He  also  mentions  PdkBophycus  virgatus  Hall,  Buiho- 
trephis  {!)  Jfex^iosus  Emmons  (p.  S62),  and  Gordia  marina  of  Emmons 
as  Helminthoidichnites  marina  (p.  868). 

The  fauna  of  the  ^^  Bed  sandrock''  of  Vermont  was  first  discovered 
by  Prof.  C.  B.  Adams  in  1847,^  who  sent  the  specimens  to  Prof.  James 
Hall.  The  latter  identified  Gonocephalns,  bnt  did  not  refer  the  fossils 
to  any  geological  horizon.  Prof.  Adams  in  1848*  mentions  the  Couo- 
cephalus  and  also  an  Atrypa,  like  Atrypa  hemispherica  (equivalent  to 
Camerella  f  antiquata  Billings). 

Mr.  E.  Billings,  as  paleontologist  to  the  Geological  Survey  of  Canada, 
took  up  the  study  and  correlation  of  the  older  paleozoic  faonas,  and 
was  the  first  to  assign  the  fossils  described  by  Prof.  Hall  to  a  pre-Pots- 
dam  horizon  and  to  correlate  the  strata  containing  them  with  the 
Upper  Primal  sandstones  of  Pennsylvania,  and  the  limestones  of  the 
Straits  of  Belle  Isle.' 

In  1861  he  described  a  number  of  Lower  Silurian  fossils  from  the 
''  Potsdam  group  "  of  Vermont  and  assigned  the  following  species  to  the 
horizon  of  Faradoxides  thompsani  of  Hall :  Fakeaphycus  congregatuSj  P. 
incipieyiSj  Obolella  (Kutorgina)  cingulataj  OrthiHna  festinata^  Camerella 
antiquata^Conocephalites   adamsij  0.  teucer^  C.vulcanua^  O.arenosus, 

A  little  later  he  published  a  note  on  the  ^'  Bed  sandrock  "  formation 
of  Vermont,^  in  which  he  refers  the  formation  to  the  base  of  the  Lower 
Silurian  somewhere  within  the  horizon  of  the  Potsdam  and  identifies 
CoDocepbalites  from  the  formation.  In  reprinting  in  1865  the  article 
published  in  18C1*  he  correlates  the  primordial  fauna  of  the  *^  Red  sand- 
rock  "  of  Vermont  with  that  of  Newibuudhiud  and  Labrador,  and  refers 
tbein  to  the  Potsdam  group,  stating  that  there  is  no  paleontological 
evitlence  of  precise  similarity  of  age,  but  the  general  affinities  and  scope 
of  the  fossils  and  the  physical  relations  of  the  rocks  prove  that  there 
can  be  no  great  ditt'eren.ce. 

Under  the  title  "  On  some  new  species  of  fossils  from  the  limestone 
near  Point  Levi,  opposite  Quebec."^  Mr.  Billings  described  the  fauna 
collected  by  the  Geological  Survey  of  Canada  from  the  limestone  con- 
glomerate. Ho  designated  the  rocks  simply  as  Limestone  Nos.  1,  2,  3, 
and  4,  not  recognizing  at  the  time  that  the  bowlders  were  transported 
and  imbedded  in  a  secondary  deposit ;  and  that  the  fossils  in  the  bowl- 

1 3il  Annual  Report  on  the  j^joolojry  of  the  State  of  Vermont.    Barlmxton,  1847,  pp.  31. 

•On  t]»e  T.iconic  rock;*.    Am.  Joar.  Sci.,  2<1  ser.,  vol.  5, 1848,  p.  109. 

'Paleozoic  foHHLls,  vol.  1.  Containing;  descriptions  and  flares  of  new  or  little  known  speciM  of  or- 
gauicremainH  from  the  Silurian  rocks.    1800-1865.   Montreal,  1865,  pp.  1, 2.  - 

^Billiuj^s,  E. :  On  the  age  of  the  Ked  sandstone  formation  of  Vermont.  Am.  Jour.  Sci.,  2d  sen,  toI. 
32. 1861,  p.  232. 

*  Billiu^fl,  E. :  PaloTJoic  Fossils,  vol.  1, 1805,  p.  371. 

*Oti  some  new  si>ecies  of  fossils  ft-om  the  limestone  near  Point  Levi,  opi>o8ite  Qnebeo.  Canadian 
l^at.,  voL  6, 1860,  pp.  301-324. 
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ders  were  of  Upper  Oambrian  age  while  those  of  the  limestone  ma- 
trix, which  resembled  in  character  the  limestone  of  the  bowlders,  was  de- 
posited in  sitn,  and  carried  the  Oalciferons  fanna.  As  far  as  I  have 
been  able  to  separate  the  species  by  a  stndy  of  the  material  from  the 
bowlders  and  the  limestone  matrix  the  following  may  be  referred  to  the 
Upper  Oambrian  or  Potsdam  fanna:  CamereUa  caleiferal^  Agnostus 
americanusj  A.  orioHj  A.  canadensitj  IHkelocqfhalus  magnifieus^  D.  plani- 
from  J  2>.  belli  J  D.  otoeni^  D.megalap8j  D.  cHstatuSj  Arionellus  cylindrieusj 
A.  suhclavaiuSj  Menocephahu  sedgtHc^i^  M.  globosutj  Oonocephalites  zen- 
keri,  Asaphus  ilUmaides. 

Mr.  T.  Devine,  of  Quebec,  having  discovered  several  nearly  perfect 
trilobites  in  the  conglomerate  limestone  at  Point  Levi,  described  two 
species  of  them.  One  as  Olenua  t  logani^^  the  other  as  Menocephaltis  sal- 
teri?  In  a  foot-note  accompanying  the  description  of  Olenus  f  log<mi 
Mr.  Billings  states  that  the  species  is  unquestionably  congeneric  with 
those  which  he  had  described  as  DikelocqflidLus  belli  and  D.  aweni  from 
the  same  locality. 

To  the  species  described  from  Point  Levi  in  1860  Mr.  E.  Billings 
added  in  1865'  IHJcelocephalus  devineij  2>.  hisingerij  D.  affiniSj  J),  aesos- 
trisy  D.  selectuSy  and  D.  pauper.  He  also  figured  in  this  connection  Ole- 
nus f  logani^  Devine  and  Menocephalus  saUeriy  Devine. 

In  1872  Mr.  Billings  returned  to  the  study  of  the  fossils  of  the  older 
Paleozoic  rocks  and  described  one  new  genus  and  several  species  found 
in  bowlders,  of  several  beds  of  conglomerate  at  St.  Simon,  below  Que- 
bec, as  follows :  The  genus  Obolella  and  the  species  Obolella  gemma  and 
O,  circe^  Platyceras  primcevum^  Hyolithes  americantis,  H.  communis^  H. 
princepsj  H.  micans.  On  page  240  of  the  same  volume  the  genus  Hyo- 
lithellus  is  proposed  for  the  species  Hyolithes  micans;  and  on  page  351 
he  notes  the  discovery  of  Salterella  pulcl^lla  in  the  Winooski  marble 
of  Vermont.* 

The  Cambrian  fauna  of  northern  Vermont  was  further  enlarged  in 
1884  by  Prof.  R.  P.  Whitfield*  describing  Orthisina  orientalis  (p.  144), 
Nothozoa  vermontana  (p.  144),  DiJcelocephalus^  marcoui  (p.  160),  and 
Angelina  hitchcocJd  (p.  148);  all  of  which  were  referred  by  him  to  the 
horizon  of  the  Potsdam  sandstone. 

The  oldest  Phyllopod  crustacean,  Protocaris  marshi^  was  described 
by  Mr.  C.  D.  Walcott®  in  1884  from  the  Georgia  slates  of  Vermont, 

■  DoAcript  ion  of  a  new  trilobite  from  tho  Qnebeo  gronp.    Canadian  Nat,  voL  8, 1863,  p.  dS. 

2Op.cit..|».lI10. 

'  Paleozoic  FohhiIs,  vol.  1, 1865,  pp.  195-200. 

'*  On  Rome  new  npeoitvi  of  Potsdam  fomils.    Canadian  Nat,  voL  6,  new  ser.,  1872,  pp.  213-226, 240. 

Not*'  on  tho  discovery  of  foasils  in  the  "Winooski  Marble"  at  Swanton,  Vermont  Am.  Joar.  Soi.« 
3<l  aer..  vol.  3, 1872,  p.  145.    Canadian  Nat,  new  ser.,  vol.  G,  1872,  p.  351. 

'^  Xotico  of  Ronie  new  Hpecies  of  I*rimordial  fossilA  in  tho  collections  of  the  Museum,  and  correction 
of  ])reviou8ly  deHcribe<l  species.    Am.  Mus.  Nat  Hist  Bull.,  toL  1, 1884,  pp.  139-154. 

^  On  the  Cambrian  faunas  of  North  America ;  preliminary  studiea.  U.  S.  OeoL  Sarvey,  BnlL  No.  10, 
1884,  p.  50. 
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where  it  is  found  in  aBSOciation  with  Olenellus  thompMmtaid  O.  venmrn- 
tana.    The  latter  was  referred  to  the  new  genos  Mesonacis  in  188S.* 

Mr.  S.  W.  Ford  began,  about  1868,  a  study  of  the  rooks  and  fiMsils 
of  the  hills  east  of  Troy,  New  York,  from  which  vicinilytiie  first  fossilB 
of  the  Olenellus  fauna,  found  in  New  York,  were  obtained.  These 
were  described  by  Prof.  Hall,  in  1847,  and  referred  by  him  to  the  Hud- 
son Biver  group.  Entering  into  correspondence  with  Mr.  £.  Billings, 
and  comparing  the  fauna  he  found  at  Troy  with  that  firom  below  Que- 
bec, referred  by  Mr.  Billings  to  the  Lower  Potsdwn,  he  concluded  that 
the  strata  containing  the  fauna  at  Troy  should  be  referred  to  an  equiv- 
alent horizon.  In  his  first  paper^  he  mentions  finding  eighteen  species, 
eight  of  which  are  referred  to  described  species  and  ten  remained  to  be 
described.  Mr.  Ford  published  a  number  of  papers  from  1871  to  1885,' 
in  which  he  described  the  rocks,  and  fossils  found  in  them,  that  occor 
near  Troy,  and  also  a  little  south  of  Schodack  landing,  in  Ck>lumbia 
Gouuty,  N.  Y.  The  fossils  described  by  him  are :  Protocyathus  rarvm, 
Archceooyathus  rensselwricumj  Oholella  nitida,  Scenetta  retusa^  Myolithes 
emmonsij  H.  impar^  Agnoatus  nobili9j  L^erditia  troyensiSj  Microdiseui 
meeJci,  M.  speciosusj  and  Solenapleura  nana.  One  of  the  .most  interest- 
ing of  Mr.  Ford's  studies  is  that  on  the  embryonic  development  of 
Olenelltuf  aaaphoides.  From  the  data  thus  obtained  he  decided  that 
the  Olenellus  fauna  followed  the  Paradoxides  fauna  in  time.^ 


>  Paleozoic  notes ;  new  k«biis  of  CMnbrUui.  trilobitos  Me«on«oi«.    Am.  Jonr.  Set.,  Sd  Mar.,ToL  S9^  1886^ 
I)p.  328-330. 

*Ford,  S.  W.:  Notes  on  the  primordial  rocks  in  the  vicinitytof  Troy,  New  York.     Am.  Jonr.  Sci,  3d 
8cr.,  vol.  '2, 1871,  pp.  32^34.    Canadadian  Nat.,  new  aer.,  voL  6, 1872,  pp.  209-212. 

>  Descriptions  of  some  new  species  of  primordial  fossils.     Am.  Jonr.  Sci.,  3d  ser.,  toL  3, 1872,  pp.  41i^ 

(>n  Home  now  Bpecies  of  fossils  from  the  Primordial  or  Potsdam  gronp  of  R^sselaer  Connty,  New 
Yorli.     Am.  Jour.  Sci.,  3d  ser..  vol.  5,  1873,  pp.  211-215. 

Kotiiarks  on  the  distribation  of  the  fossils  in  the  Lower  Potsdam  rocks  at  Troy,  New  York,  with  de- 
scri]>Mon8  of  a  few  now  species.     Am.  Jour.  Sci.,  3d  sor.,  vol.  6, 1873,  pp.  134-140. 

Not4)  on  the  discovery  of  a  new  locality  of  primordial  fossils  in  Kensselaer  County,  New  Ywk. 
Am.  Jonr.  Sci.,  3d  ser.,  vol.  9, 1875.  pp.  204-200. 

On  udditioual  npecies  of  fossils  from  the  primordial  of  Troy  and  LanHinf;bnrg,  Renaaelaer  County, 
New  Vork.    Am.  Jonr.  Sci.,  3d  ser.,  vol.  11, 1876,  pp.  369-371. 

Note  on  Micro<liHCiiH  speciosus.    Am.  Jour.  Sci.,  3d  ser.,  vol.  13, 1877,  pp.  141, 142. 

Oil  some  embryonic  forms  of  trilobites  from  the  primordial  rocks  at  Troy,  New  York.    Am.  Jonr. 
Sci..  3d  ser.,  vol.  13, 1877,  pp.  205-  273. 

Two  new  species  of  primordial  fossils.    Am.  Jour.  Sci.,  3d  ser.,  vol.  15, 1878,  pp.  124-127. 

Not<*  tin  Lingulella  evtlata.    Am.  Jour.  Sci.,  3d  ser.,  vol.  15, 1878,  pp.  127-129. 

Not<i  on  the  development  of  Olenfllu*  ataphnides.    Am.  Jour.  Sci.,  34l  ser.,  vol.  15, 1878,  pp.  12ft,  130. 

On  rertaiu  forms  of  Brachiopoda  occurriuf;  in  the  Swedish  primordial.  Am.  Jonr.  ScL,  3d  8er..ToL  15, 
187H,pp.364  306. 

Note  on  the  trilobite  .1  top$  trUineatu4  of  Emmons.     Am.  Jour.  Sci.,  3d  ser.,  vol.  19, 1880,  pp.  162, 153. 

Komarks  on  tlm  genus  Oholella.     Am.  Jour.  Sci.,  3d  ser.,  vol.  21, 1881,  pp.  131-184. 

On  additional  embryonic  forms  of  trilobites  from  the  primordial  rocks  of  Troy,  New  York.    An. 
Jonr.  Sci.,  'M\  ser.,  vol.  22.  1881,  pp.  250  259. 

Note  on  the  discovery  of  primonlial  fossils  in  the  town  of  Stu5'vesant,  Columbia  County,  New  York. 
Am.  Jour.  Sci.,  3d  ser.,  voL  28, 1884,  pp.  35-37. 

*  p:mbr3'onic  forms  of  trilobites  from  the  primordial  rocks  of  Troy,  New  York.    Am.  Jonr.  Set,  3d 
ser.,  vol.  22,  1881,  pp.  250-250. 
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In  1880  Prof.  William  B.  Dwi^ht  annouiKjed  the  discovery  o\  the 
fauna  of  the  Potsilain  zone  in  limeat?one  near  Poaghkeepaio,  New  York. 
Pie  ^ives  a  list  of  eleven  species  as  follows : ' 

LingulepiB  pinnnfonnis.  Ptyolioparia  (Conoceplialitea)  n.  ep. 

Liiigiilopls  miuima.  Dikelocephaliu  8p. 

LingalepiB  aoaminatA  (probably).  PtycUanpis  sp. 

OboleHa  (Liiigiilena)  prima.  Stromatucerium  1 

Obolella  sp.  Kemains  of  crinoid  columns. 

Plifttyceras  sp. 

The  review  of  the  Olenellas  or  Lower  Oambrian  fanna  by  Mr.  C.  I). 
Walcott  in  1886 '  resnlted  in  the  description  of  the  following  specie-s 
from  Vermont :  OlimacogrwpUis  f  emmonni  (p.  93),  Orthisina  transversa 
(p.  121),  Scenella  f  varians  (p.  127)  and  MiorodiscusparJceri  (p.  157).  This 
was  followed  in  1887'  by  an  account  of  the  discovery  of  a  nnmber  of 
new  species  of  fossils  from  the  Upper  Taconio  slate  of  Emmons  in 
Washington  Connty,  New  York.  The  new  si)ecies  described  are  as 
follows : 

Lingalella  granvillensis.  Leperditia  (I)  dermatoidos. 

Linnansonia  taooniea.  Microdiscns  ooiiDexns. 

Orthis  salemensis.  Olenoides  foxdi* 

Modiolopsis  (ff)  prisca.  Solenoplenra  (f)  tumida. 

Hyolithellus  niicaus,  yar.  rugosa.  Ptyohoparia  (f)  fitchi. 

Aristozoa  rotuudata.  P.  (?)  clavata. 

In  describing  a  section  of  the  Cambrian  rocks  in  northern  Vermont 
notice  is  taken  by  Mr.  Walcott  of  the  occurence  in  the  up^)er  beds  of  a 
fanna  resembling  that  of  the  Upper  Oambrian  or  Potsdam  zone.^ 

In  a  paper  announcing  the  discovery  of  the  fossiliferous  strata  of  the 
Paradoxides  zone  at  Stissii^g  Mountain,  Dutchess  County,  New  York, 
Prof.  W.  B.  Dwiglit*  identified  Hyolithes  billingsi  ?  (p.  143)  and  described 
as  new  Leperditia  ehenina  (p.  144),  Kutorgina  stissingensis  (p.  145),  and 
Olenoides  stissingemis  (p.  147),  correlating  the  fauna  witli  that  of  the 
Middle  Cambrian  of  the  Kocky  Mountain  province. 

In  a  review  of  the  Lower  Cambrian  fauna  by  Mr.  C.  D.  Walcott,  pre- 
pared for  the  Tenth  Annual  Rei)ort  of  the  U.  8.  Geological  Survey,  a 
number  of  new  species  and  genera  are  proposed,  most  of  which  are  de- 
scribed in  a  preliminary  paper  published  in  the  Proceedings  of  the  TJ. 
S.  National  Museum.^   These  are  Archaocyathv^  dwighti  (p.  34),  Vlan- 


•  Rwonl  cxpIoratioDM  iu  the  Wapjiinger  Valley  limeHtoiie  of  Dutohesh  County,  Now  York.  No.  6; 
Discovery  of  foHHilifmoiis  PotHtiuni  Htrutu  at  Ponj;Iikeep8i»\  New  Vork.  Am.  Jour.  Sci.,  34l  »or.,  vol. 
31,  lS86.i>.  Kn. 

'  Seconil  cnutributiou  to  the  ntuilies  of  tlie  (Jaiubrhin  faiinaH  of  North  America.  TJ.  S.  Geol.  Survoyt 
Bnll.  No.30.lR86. 

'  Fanna  of  the  "  Upper  Taconic  "  of  EmnionH.  in  WRHlinigtou  Coonty,  New  York.  Am.  Jour.  Sci., 
3d  Hrr.,  vol.  34,  \^K!,  pp.  187-199. 

*  Second  contribiilion  to  th(^  studloH  of  the  Cambrian  faunae  of  North  America.  U.  S.  Geo].  Survey, 
Bull.  No.  30, 188fi,  pp.  17, 19. 

*Kecent  (-xpIorationH  in  the  Wappin|;er  linieAtonon  and  other  formations  of  Duto.hesn  County.  New 
York.    Am.  Jour.  Sci-,  3<l  »er.,  vol.  :W,  1889,  pp.  i:iO- 153. 

^  DoKcriptivc  n«»t.i'.H  of  new  ^fuera  and  npei'-lcH  of  the  Lower  Cambriani  or  OlenelluB  zone  of  North 
America.     U.  S.  Nat.  Mu8. 1'roc,  vol  12, 1889,  pp.  33-4G. 
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olites.annularius  {p.  M)^  Agnostus  desifleratua  {p.  S9)j  and  ZaeaMith^ndei 
eatoni  (p.  45),  ft*oin  Washington  County,  and  Camerella  minor  (p.  36), 
froui  DutchosH  County,  New  York;  Kutargina  oinffulata^  var*  twonlo- 
nennis  (p.  30)  from  northern  Vermont. 

In  1800  the  following  new  species  weredescribed :  ^  Treiehgum  wiuiium^ 
Dawson,  from  Metis,  Canada;  Phyllograptus  cambren9%$j  from  Georgia, 
Vermont;  Stenotheca  (?)  rugosa  var.  acuta-costa^  erectOf  and  IwiM,  PZo- 
tyceras  datrsonij  from  St.  Simon,  Quebec;  Olenaides  elhif  from  below 
Quebec, Canada^  0,  desideratay  from  Highgate Springs,  Vermont;  Cono- 
coryphe  reticulata^  from  Washington  County,  New  York;  Pi^ekaparia 
metisensis  and  Agraulo%  redpathi^  from  below  Quebec 

SOUTHERN  APPALAOHIAN  DISTBIGT. 

27EW  JRRSBT,  BTO. 

The  Cambrian  fauna  of  New  Jersey,  Delaware,  Pennsylvania,  Mary- 
land, and  Virginia  is  thus  far  restricted  to  the  presence  of  the  Anneh'd 
bonng  Scolithua  linearis.  It  is  extremely  probable  that  trilobites  and 
other  fossils  will  be  found  in  the  Oranular  Quartzite  series,  or  the  basal 
quartzite  and  the  immeiliately  superjacent  shales  and  limestones. 

TEM19KSSRB. 

The  Cambrian  fauna  of  Tennessee  consists  of  Scolithus  linearis  tubes 
found  in  the  Chilhowce  sandstone;  while  in  the  shales  just  above  the 
sandstone  occur  numerous  Annelid  trails,  a  species  of  Hyolithes  like 
B,  amnicanus^  an  Ostracod  crustacean,  Isoxys  chilhoweanay  and  a  spe- 
cies of  Olenollns  closely  allied  to  Olenelltis  thompsoni  and  O.  asaphaides 
in  that  ])orti()n  of  the  head  preserved.* 

From  the  u])per  part  of  the  Knox  shale  Prof.  J.  M.  SaflfonP  has 
named,  witlnrnt  description  or  illustration,  several  species,  as  follows: 

Crepicephnlns  similis,  Saffonl. 

Toanensis,  Saffonl. 

teDneHseensia,  Safford. 
LonchoceplialiiR  feciindua,  Saflford. 
AgnostiiH  arcanii8,  Safford. 
LiDgiila  prima  f    Courad. 

Quito  a  large  fauna  occurs  at  this  horizon  in  the  collections  of  the 
Geological  Survey  which  has  not  yet  been  studied  with  care.  As  far 
as  examined  it  appears  to  be  of  the  type  of  the  Upper  Cambrian  of  the 
Mississippi  Valley. 


1  Walrott,  Cy.  I). :  The  fauna  of  the  Lower  Cambrian  or  Olenellas  zone.    10th  Ann.  Rep.  U.  S.  CteoL 
Snrv.,  1890,  pp.  r.0ft-C55. 
« Ibid.,  p.  62«. 
*  Geology  of  Tennessee.    Nashville,  1869,  p.  212. 
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GBORGIA. 

A  trilobite  was  sent  to  the  great  exhibition  in  London  in  1851  said 
to  be  found  somewhere'  in  Georgia.    Mr.  J.  W.  Salter'  describes  the 

'  species  as  Canooephalua  (mtiquatusj  comparing  it  with  C.  atriatus  of  the 
Primordial  rocks  of  Bohemia.  The  exact  locality  from  which  this  spe- 
cies came  was  not  known  nntil  collections  were  made  in  northwestern 
Georgia  by  the  IT.  S.  Geological  Snrvey  in  1885.  It  was  then  found  to 
be  associated  with  a  faana  much  like  that  of  the  Middle  Cambrian  fauna 

*of  the  Bocky  Mountains.  The  specimens  occur  in  and  upon  siliceous 
concretions  imbedded  in  the  Coosa  Valley  shales  of  Floyd  County  and 
to  the  southwest  in  Alabama. 

A  second  species  was  described  by  Mr.  0.  D.  Walcott  in  1889  as  Ole- 
noides  eurticei.    It  occurs  on  and  in  siliceous  concretions  found  in  the 

.  shales  of  the  Coosa  Valley.' 

ROCKY  MOUNTAIN  PROVINCE. 

The  area  of  Cambrian  rocks  in  this  province  includes  the  Cambrian 
outcrops  of  northern  and  western  Utah,  Nevada,  eastern  Idaho,  and 
the  Gallatin  Biver  district  of  Montana.  The  Canadian  extension  is  con- 
sidered separately. 

UTAH  AND  NEVADA. 

liuring  the  progress  of  the  geological  survey  of  the  fortieth  parallel, 
under  the  charge  of  Mr.  Clarence  King,  Prof.  F.  B.  Meek  described  two 
species  of  trilobites  from  Antelope  Spring,  Nevada,  Pardoxides  (?)  neva- 
derms  and  Conocoryphe  (Canoc^halites)  kingij  referring  them  to  the  Pri- 
mordial zone.^ 

In  the  following  year  Prof.  J.  D.  Whitney  exhibited  before  the  Cali- 
fornia Academy  of  Sciences  some  fossils  that  had  been  collected  by  Mr. 
J.  E.  Clayton  near  Eureka,  Nevada.  He  referred  them  to  the  age  of  the 
Potsdam  sandstone,  identifyiug  Agrauhs  otceni^  M.  and  H.,  ora  species 
closely  resembling  it ;  Linguleph  prima,  Obolella,  Conocoryphe^  Fara- 
dAtxideSj  etc.^  A  note  on  the  occurrence  of  the  Primordial  fauna  in 
Nevada  was  also  sent  to  the  American  Jonrnal  of  Science  by  Prof. 
Whitney.  In  this  he  mentibns  the  occurrence  of  certain  Primordial 
species,  and  the  persistence  with  which  these  constantly  recurring  tri- 
lobites and  brachiopods  are  found  at  varions  localities.  In  Bohemia 
they  occur  in  argillaceous  shales ;  throughout  the  United  States,  from 
New  York  to  the  Bocky  Mountains,  in  the  Potsdam  sandstone,  or  in 
shales  or  slates ;  in  Texas,  and  now  in  Nevada,  in  limestones.' 


■  On  tho  foHflils  of  the  Lingalft- flags  or  "Zono  Primordiale."  Quart.  Jour.  Geol.  Soo.,  London,  vol. 
15,  1859.  p.  554. 

^  DeHcriptionn  of  neir  genera  and  species  of  fossils  from  the  MMdle  Cambrian.  XT.  S.  National  Hu- 
Honm  Proc.,  vol.  11,  1889,  p.  443. 

>  Descriptions  of  fossils  collected  by  the  United  States  Gooloprical  Snrvey,  under  the  chari^e  of  Clar- 
ence King.  esq.    Phila.  Acad.  Soi.,  Proc.,  vol.  22,  1870,  pp.  62-64. 

« lOn some  fossils  from  Bareka,  Nevada.]    California  Acml.  Sci.,  Proc,  vol.  4, 1871,  p.  200. 

*  Note  on  the  oocarrenoe  of  the  "Primordial  Faana"  in  Nevada.  Am.  Joor.  Scl.,  3d  ser.,  vol^  S^ 
1872,  p.  8S.' 


156  THE   CAMBRIAK.  {jMuu^nL 

In  the  Sixth  Annual  Keport  of  the  U.  S.  Oeological  Survey  of  the 
Territories,  Prof.  F.  H.  Bradley  states  that  his  section  along  the  Wa- 
satch range  of  Utah  is  not  complete.  The  bedded  qnartzites,  referred 
to  the  Potsdam  from  the  character  of  the  overlying  strata,  rest  ancon- 
formably  upon  the  *^  Metamorphic."  No  fossils  were  found  in  the 
quartzite  or  in  the  superjacent  gray  and  calcareous  shales.  The  lime- 
stone above  the  shales  is  referred  to  the  Niagara.^ 

During  th«  progress  of  the  survey  west  of  the  one  hundredth  merid- 
ian Mr.  G.  K.  Gilbert  visited  the  Antelope  Spring  locality,  discovered 
by  Mr.  J.  E.  Clayton,  and  menti5ned  by  Prof.  Whitney  when  calling 
attention  to  the  Primordial  fossils  found  there.  The  fauna  occurs  in  a 
blue  gray,  calcareous  shale,  some  200  feet  in  thickness.  In  addition  to 
the  species  described  by  Mr.  Meek,  lie  collected  Bathyurellus  {Asaphis- 
ous)  wheelerij  Agnostus,  and  Discina.  Beneath  the  blue  gray  shales  is 
a  massive  gray  limestone,  900  feet  in  thickness,  superjacent  to  a  vit- 
reous sandstone.^  From  our  present  knowledge  of  the  Cambrian  rocks 
in  Nevada,  the  gray  limestone,  blue  gray  shales,  and  an  upper  gray 
limestone  some  200  feet  in  thickness  all  belong  to  the  Cambrian. 

The  section  of  the  Oquirrh  range  at  Ophir  City,  Utah,  was  found  by 
Mr.  Gilbert  to  have,  near  its  base,  100  feet  of  light  gray  limestone  con- 
taining Conocoryphe  and  Dikelocephalus.  Subjacent  to  this  a  mas* 
sive  limestone  with  coralline  mottling  extends  downward  some  300  feet 
to  an  argillaceous  shale,  in  which  Mr.  J.  E.  Clayton  found  Olenus  giU 
herti?  At  the  south  end  of  the  Timpahute  range  of  eastern  Nevada 
Mr.  Gilbert  also  discovered  a  succession  of  shales  and  sandstones,  in 
which  he  found  Conocoryphe  in  the  lower  portion,  and  above,  a  band 
of  purple  rii)ple -marked  vitreous  sandstone,  with  bands  of  siliceous 
shale.**  The  descriptions  of  Olenus  (Olenellus)  gilberti  and  0.  (O.)  hotc- 
elli  of  Meek  are  printed  on  pages  182  and  183  of  Mr.  Gil  berths  report. 

In  the  same  volume  Mr.  E.  E.  Ilowell  states  that  at  Pioche,  Nevada, 
the  massive  quartzite  forming  the  base  of  the  section  is  subjacent  to 
about  400  feet  of  arenaceous  and  calcareous  shales  of  a  reddish  yellow 
color,  containing  in  the  more  calcareous  portions  several  types  of 
Primordial  fossils  in  great  abundance.^  From  the  material  found  by 
Mr.  ilowell,  Mr.  Meek  described  two  species  of  trilobites,  Olenellus 
hoirelli  auil  O.  gilberti. 

On  the  map  accompanying  the  Wheeler  survey  reports,  published 
in  1871,  the  Cambrian  rocks  are  included  under  the  same  color  with 
those  of  the  Silurian. 


'  Koport  of  Frank  H.  Bradley,  geologist  of  tlio  Snako  Klver  division.  U.  S.  Geol.  Surv.  of  the  Terr., 
Gill  Anil.  l^;p.,  1^73,  p.  194. 

*  Kopcirt  on  iho  j;«M)Iogy  of  portions  of  Nevada,  Utah,  (*aIifornia,  and  Arizona,  examined  in  the  3-oan 
1K71  and  1872.  Report  on  Geog.  and  (Jeol.  Expl.  and  Survoy  west  of  the  100th  meridian,  in  charge  of 
Lu'.uL  <iw».  M.  Wheeler,  voL  3,  Geology,  1875,  p.  107. 

^Op.rit.,  pp.  100,167. 

•Op.  rit.,  p.  109. 

^Keiutrt  on  the  geology  of  portions  of  UUh,  Nevada,  Arizona,  and  Now  Mexico  examined  In  the 
^  jreara  of  1H72  and  1873.  Kept,  iieoft.  svu(\.  Vj»o\.  Y.\.v\.  ^ut.  west  of  the  100th  mer.,  in  chancer  of  Lient 
00.  M.  Wheelor,  vol.  3,  Geology,  W\\  p.  *iia. 
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A  reconnaissance  of  the  northwestern  portion  of  the  Wasatch  Moun- 
tains in  Utah  was  made  by  Prof.  F.  H.  Bradley  in  1872.  He  found  that 
the  crest  and  eastern  slopes  are  composed  of  quartzite  and  limestone. 

The  former,  a  white  and  ferrnginons  quartzite,  1,600  feet  in  thick- 
ness, was  referred  to  the  Potsdam,  and  a  band  of  superjacent  gray 
calcareous  shale,  1,000  to  1,200  feet  thick,  to  the  Lower  Silurian.  The 
section  as  arranged  by  Prof.  Bradley  is  as  follows:  ^ 

3.  Bloe  and  gnj  magneBian  limeBiones,  partly  pebbly,  \  Upper  f  and 

1,900  to  2,000  feet >      Lower 

4.  Gray  caloareoiis  shales,  1,000  to  1,200  feet S    Silurian. 

5.  White  and  ferruginous  quartzite,  base  pebbly,  1,500  ^ 

feet ^Potsdam. 

Under  the  title  of  *^  Paleozoic  subdivisions  of  the  fortieth  paral- 
lel" Mr.  Clarence  King  describes  the  strata  referred  to  the  Cambrian 
system.  This  includes  12,000  feet  of  quartzites  and  ar^lllites  in  the 
Big  Cottonwood  Canon  section  of  Utah,  supeijacent  to  which  is  a  shaly 
zone  some  75  feet  in  thickness,  carrying  well  defined  Primordial  fossils. 
lie  says : 

Comparing  the  quartzites  and  arglUites  with  those  of  the  Cambrian  section  in 
Wales,  the  likeness  is  too  great  to  pass  unnoticed,  and  in  view  of  the  unorinoiis  de- 
velopments of  these  low-lying  rocks,  as  compared  with  the  Silurian  lying  above  the 
Primordial  horizon,  I  have  determined  to  draw  a  line  at  the  npi>er  limit  of  the  Pri- 
mordial period  to  include  the  npi>ermost  members  of  the  Potsdam  epoch  and  to  ooti- 
Bider  the  whole  nnderlying  conformable  series  as  Cambrian  down  to  the  point  of 
their  nonconformity  with  the  Arohean.  In  the  extreme  east  of  our  work,  in  the  re- 
gion of  the  Rocky  Mountains,  the  Cambrian  formation  is  of  variable  thickness  and 
nowhere  reaches  an  exposure  of  over  100  feet.  In  middle  Nevada  the  uppermost  zone 
of  the  Cambrian,  e<inivalent  to  the  calcareous  and  argillaceous  shales  of  the 
Wahsatch,  is  an  immense  body  of  dark  limestones  at  least  3,000  feet  in  thickness 
carr\'ing  Primordial  fossils  throughout;  the  downwanl  continuation  of  the  scries 
being  there  entirely  hidden  by  the  overlying  Quaternary  desert.'^ 

This  general  definition  of  the  Cambrian  is  accompanied  by  a  list  of 
the  fossils  described  by  Messrs.  Uall  and  Whitfield. 

The  Cambrian  section  of  Big  Cottonwood  Caiiou  referred  to  by  Mr. 
King  is  described  by  Mr.  8.  F.  Emmons  with  more  detail.-^  On  the 
west  side  of  Box  Elder  Peak,  near  the  little  village  of  Call's  Fort,  in 
a  body  of  dark  blue  argillaceous  slates  in  the  lower  portion  of  the  Ute 
limestone  body,  Mr.  Emmons  states  that  the  following  fossils  of  the 
(Quebec  group  were  found:  Dikelocephalus  wasatchensisy  D.  gothicus^ 
Crepwephalus  (Loganellus)  qwidranSj  and  Lingulepis  ella.*  In  the  sec- 
tion ou  Muddy  Canon,  within  25  feet  of  the  base  of  the  series,  occurs  a 
body  of  calcareous  shales,  iuterstratified  with  narrow  beds  of  a  dark, 

>  Explorations  of  1872 ;  UuU^mI  States  GeoloKioal  Survey  of  the  Territorios,  under  Dr.  F.  Y.  Haydim ; 
Snake  Kivrr  diviMiun.    Am.  Jour.  Sol.,  3d  ser.,  vol.  6, 1873,  p.  104. 

^  Kin^,  Clarence:  Paleozoic  HubdiviHions  ou  tlio  40tU  parallel.  Am.  Jour. Soi.,  34l  ser.,  voL  11, 1876,  p. 
476. 

>  IIa{;ae,  Arnold,  and  S.  F.  Emmons:  Descriptire  Geology.  U.  S.  Geol.  £xpl.  of  the  Fortieth  Par.; 
vol.  2,  1877,  pp.  366,367. 

«  Op.cit.,  p.  405. 
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tine-grained  limestone,  which  contains  abundant  organic  remaiDfli 
Two  species  were  recognized,  JDilelacephalus  quadricqM  and  Canoc^ 
phidites  subeoranatus.^  The  reference  of  the  fossils  at  Call's  Fort  and 
Mnddy  Gaiion  to  the  Qaebec  group  was  on  the  authority  of  the  paleon- 
tologists. More  recent  studies  of  this  fauna,  by  Mr.  Walcott,  in  con- 
nection with  the  section  at  Big  Cottonwood  Canon  prove  that  the  fauna 
mentioned  at  these  localities  is  a  portion  of  the  Middle  Cambrian  &nua, 
and  that  the  Upper  Cambrian  strata  are  absent  in  the  section  by  non- 
deposition. 

In  the  Weber  Ca&on  region  of  the  Wasatch  Mountains,  800  to  1,000 
feet  beneath  limestones  referred  to  the. Devonian,  there  were  obtained 
from  a  shaly  limestone  three  forms  of  trilobites,  which  Mr.  Emmons 
thought  probably  indicated  the  horizon  of  the  Potsdam  group.  One 
was  identified  as  Ogygia  parabola  and  another  as  CrepioephaluB  allied  to 
(7.  diadematus.* 

In  t;he  Oquirrh  Mountains,  at  Ophir  City,  Utah,  the  section  discloses 
a  thickness  of  about  400  feet  of  compact  reddish  white  Cambrian 
quartzite,  above  which  are  about  100  feet  of  greenish  yellow  clay  slate, 
in  which  numerous  trilobites  and  primordial  fossils  occur.' 

In  the  Schell  Creek  Mountains  of  Nevada  there  are  limestones  in 
which  primordial  fossils  have  been  found  overlying  heavy  bodies  of 
quartzite.  Among  the  organic  remains  of  this  range  two  species  have 
been  identified :  Crepiccphalus  (LoganMus)  anytus  and  Lingulepis  mosra} 

At  the  nortlieru  end  of  Pogonip  Ki(lge,of  the  White  Pine  Mountains 
of  central  Neva<la,  Mr.  Arnold  Hague  mentions  the  presence  of  obscure 
outcrops  of  mica  slates  and  bhick  arenaceous  and  argillaceous  slates 
and  shales,  iu  turn  overlaid  by  an  undet<.*rmined  thickness  of  a  compact, 
vitreous,  steel-gray  (luartzite,  closely  resembling  the  Cambrian  quartz- 
ites  of  other  Nevada  localities.  Above  this  quartzite,  and  forming  the 
lower  beds  along  the  greater  part  of  the  ridge,  occurs  the  Pogonip  lime- 
stone, which  extends  to  the  top  of  Pogonip  Mountain,  with  a  thickness 
of  from  3,000  to  4,000  feet  of  strata.  They  dip  with  an  angle  of  24P  to 
30O  eastward.  The  lo^-ser  beds  are  a  fine-grained,  somewhat  siliceous, 
black  limestone,  varying  considerably  in  compactness  and  bedding,  and 
freciuently  passing  into  calcareous  shales.  Higher  up  in  the  series,  they 
develop  more  of  a  dark  blue  color,  banded  with  layers  of  line  arena- 
ceous limestones  and  occasional  clierty  bands  a  few  inches  in  thickness.' 
From  the  lower  beds  of  the  limestone  series  he  collected  thirteen  si)ecie8 
of  Upper  Cambrian  fossils. 

Mr.  Hague  states  that  in  Eureka  mining  district,  northwest  of  White 
Pine,  the  section  of  Prospect  Mountain  hiis  the  same  lithologic  habit  as 
that  at  White  Pine,  and  carries  throughout  the  greater  partof  the  forma- 


'Op.  cit.,  p.  410.  «0p.  cit.,  p.  444. 

K)\\.  cit.,  p.  377.  *0p.  cit,,  p.  486. 

•Hague,  Arnold,  and  S.  F.  Emniona:  DoacripUvo  Geology.    U.  S.  Geol.  KxpUof  the  40Ui  Par,| 
Clju-euco  King,  toL  2,  lti77,  pp.  54:i,&43. 
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tion  Primordial  fofisUs,  showing  beyond  doabt  that  the  two  series  of 
beds  are  the  same  and  equivalent  to  the  Potsdam  sandstone  of  Wiscon- 
sin. This  statement  Is  followed  by  a  list  of  fifteen  species,  aU  of  which 
belong  to  the  Upper  Cambrian  fanna.^ 

The  collections  made  by  the  officers  of  the  Fortieth  Parallel  Survey 
were  studied  and  reported  upon  by  Messrs.  Hall  and  Whitfield.  Of 
the  fauna  referred  to  the  Potsdam  period  they  say :  ^'  Although  there  is 
not  a  single  species  common  to  the  two  regions,  yet  there  is  such  a  close 
generic  resemblance  as  to  leave  no  doubt  whatever  of  the  positive  iden- 
tity of  the  formations."  They  mention  the  resemblance  between  the 
fauna  referred  to  the  Potsdam  zone  in  Texas  and  the  Upper  Mississippi 
Yalley,  Wisconsin,  Minnesota,  etc.'  In  speaking  of  the  trilobites  from 
the  base  of  Ute  Peak,  Wasatch  range,  Utah,  they  state  that  the  fauna 
is  referred  to  the  Quebec  group  on  the  evidence  of  the  Brachiopodus 
and  Molluscan  fauna.^  There  must  have  been  some  confusion  in  rela- 
tion to  the  occurrence  of  trilobites  and  the  Molluscan  fauna,  as  .the  tri- 
lobites belong  to  the  Lower  Cambrian  zone,  and  have  nothing  in  com- 
mon with  the  fauna  which  they  refer  to  the  Quebec  group. 

In  the  comprehensive  review  of  the  geology  of  the  fortieth  parallel, 
Mr.  Clarence  King  describes  the  Cambrian  and  Silurian  rocks  largely 
from  the  data  published  in  the  volume  of  Messrs.  Hague  and  Emmons^ 
and  in  the  recapitulation  of  the  Paleozoic  he  gives  a  condensed  descrip- 
tion of  the  Cambrian  as  known  to  him  in  Utah  and  Nevada.  The  base 
of  the  (Jambriau  is  never  seen.  This  is  explained  by  the  fact  that  the 
Cambrian  sediments  accumulated  in  the  deep  valleys  between  the  Ar- 
chean  ridges,  and  that  the  lower  beds  have  not  subsequently  been  brought 
up  to  the  surface.  Under  the  term  Cambrian  he  includes  all  of  the  rocks 
of  the  lowermost  Paleozoic  exposures  up  to  and  including  the  whole  of 
the  Primordial,  thus  following  approximately  the  eastern  nomencla- 
ture,   lu  describing  the  rocks  referred  to  the  Cambrian  he  says : 

Thu8  far,  among  the  reported  occarrenceB  of  the  rocks  of  this  horizon  in  the  Cor- 
dilleraSy  the  locality  at  the  mouth  of  Big  Cottonwood  Gallon  must  remain  as  the  finest 
example  and  the  stratigraphical  type.  The  lowest  miembor—the  Cottonwood  slates, 
a  group  about  tiOO  feet  thick,  which  here  rest  upon  highly  motamorphio  Archeau 
schitits — has  thus  far  yielded  no  organic  forms.  Though* searched  by  us  with  cousid- 
ubl«  can^,  it  presented  no  indications  of  life.  The  rocks  are  dark  blue,  dark  purple, 
(lark  olive-greou,  and  blackish  argillitcs,  all  highly  siliceous,  and  as  a  group  sharply 
dt'ilued  from  the  light-colored  quartzitic  schists  which  conformably  overlie  them. 
This  second  group,  by  far  the  greatest  of  the  whole  Cambrian  series,  is  a  continuous 
zone  of  schists  which  have  a  prevailing  quartzitic  character,  though  varied  with  con« 
Biderable  amount  of  argillaceous  mattor.  It  woujd  seem  to  be  the  product  of  a  fine- 
grained arkose  iormation,  simply  compressed  into  dense  schists.  From  8,000  to  9,000 
feet  thick,  it  has  a  general  unilormity  of  lithological  condition  from  bottom  to  top, 


»  Op.  cit.,  pp.  547,  548. 

3 Hall.  JaiueH,an(l  K.  P.  Whitflold :  Paleontology  (of  the  40th  Parallel).  General  remarks.  U.S. 
G<ol.  Survoy  of  the 40tli  Parallel,  vol. 4, 1877, pp.  199,  200. 

»Op.cit.,p.200. 

*  SyHteiuatlo  GeoiOKy :  U.  S.  GeoL  Exploration  of  the  iOtb  Parallel,  Clarence  King,  geelogiat  In 
charge,  vol.1,  1878,  pp.  154-189. 
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uxcopt  iluit  in  the  region  of  Twin  Peaks  am  some  phlo^opite  sohisto  and  silioecNUi 
zoiKiH  carrying  considerable  inuBcovite.  The  phlogopite  meinben  Tocar  in  the  Egan 
Cafion  region.  The  prevailing  colors  of  this  ineml>er  are  gray,  greeniah  gray*  drab, 
and  pale  brown ;  never  dark  colors.  Conformably  overlying  it  are  2,500  to  3,000  ImS 
of  cream-color  and  salmon-  color  and  white  qnartzit^^s  and  quart zo-feldaitea.  Occa- 
sional Hlicets  of  conglomerate  are  seen  in  the  quartzites  not  far  below  the  summit  of 
the  Cambrian.^ 

The  details  of  the  OottouwocKl  Gaiion  section  to  this  point  have  not 
been  quoted,  aa  these  rocks  are  beneath  the  line  provisionally  drawn 
lH3tween  the  Cambrian  and  pre-Canibriau  rocks.  This  will  be  noticed 
under  the  description  of  the  Cambrian  rocks  of  the  Bocky  Mountain 
province.  Above  the  quartzite  series  there  is  a  thin  series  of  green 
siliceous  argillites  which  are  usually  not  more  than  75  or  80  feet  tiiick, 
iu  which  fossils  of  a  Primordial  type  have  been  found.  A  description  is 
given  of  the  Cambrian  as  reco^rnized  in  central  Nevada,  and  a  compari- 
son made  between  it  and  the  Cambrian  of  the  Mississippi  Valley  and 
the  Wasatch  section.  A  complete  list  of  the  fossils  of  the  Utah  and 
Nevada  Cambrian  is  given  on  page  231,  and  on  page  2^  a  list  of  those 
Iroin  the  Quebec  group,  eight  of  which  are  from  the  Middle  Cambrian 
zone,  and  will  be  mentioned  under  the  description  of  the  Cambrian 
fauna  of  the  Kocky  Mountain  province.  The  geographic  distribution 
of  tho  Cauibrian  rocks  and  their  mode  of  occurrence,  as  shown  iu  cross- 
section,  is  represented  on  the  sheets  of  the  atlas  accompanying  the 
report. 

In  1882  Mr.  Arnold  Hague  published  a  preliminary  report  on  the 
geolojry  of  the  Eureka  district,*  which  was  followed  iu  18S3  by  the 
abstract  of  a  report  on  the  geology  of  the  district. '  In  this  latter  re- 
port a  detailed  description  is  given  of  the  Cambrian  rocks  of  the  Pros- 
])eet  Mountain  section.  It  is  accompanied  by  a  map  of  the  district  and 
a  plate  of  sections  showing  the  relation  of  the  Cambrian  rocks  to  the 
superjacent  formations. 

TIjc  fauna  of  the  Cambrian  rocks  of  the  Eureka  district  was  de- 
scribed and  illustrated  by  Mr.  C.  1).  Walcott  in  ISS^L  A  short  descrip- 
tion of  the  range  of  the  species  is  given,  also  a  tabulation  of  the  Paleo- 
zoic se<'.tion  of  Central  Nevada,  showing  the  vertical  range  of  genera.^ 
This  was  rei)ublished  in  1S80  with  greater  detail,*  acconipaiiied  by  an 
original  desc>ription  of  the  Kig  Cottonwood  Canon  section  (pp.  38,  30), 
and  a  section  in  the  Highland  range,  125  miles  south  of  the  Eureka 
section  (pp.  .'>3-35),  with  notes  upon  the  section  at  Pioche  and  Ophir 
City. 


'^  Uil).)rt  Ion  work  in  Eureka  illstriit].    2d  anunjU  report  U.  S.  (Jeol.  Survey,  1880- '81.  pp.  21-35, 18A 

^  II.i;iiio,  Arnold:  Abstract   of  report  on  p'oloj^y  of  tlio  Eureka  di»tri.'t,  Nevada.     U.  S.GeoLSarr., 
:{<1  anniijil  I rporl.  1^1,  ias-2,  pp.  2:57-30.  18«3. 

^  l'aleontolo'.:y  of  the  Kureka  district    IT.  S.  Gw\.  Surve.v,  Monop^raph  vol.  8, 1684. 

'  Si'foiid  eoutribiition  Ut  the  Htudlen  of  the  ("auibriau  faunas  of  JS'ortU  America.     U.  S.GeoL8azT 
JJuU.  No.  yo,  18«0,  pp.  30-33. 
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IDAHO. 

In  a  tetter  to  Prof  J.  D.  Dana,  dated  Fort  Hall.  Idaho,  Jaly  7, 1872, 
Prof.  F.  H.  Bradley  wrote  to  annoance  the  discovery  of  the  Quebec 
group.  In  a  limestone  he  found  many  trilobites,  some  gasteropods  and 
brachiopods,  and  beneath  the  limestone  a  compact  ferruginous  quartz- 
ite,  which  from  its  position  he  considered  as  representing  the  Potsdam 
samlstoue.'  Near  Malade  City  he  discovered  a  series  of  limestones  con- 
taining Conocoryphe,  Bathyurus,  Dikelocephalus,  Ag!iostus,  etc  He 
states  in  a  later  report  that — 

The  fint  esaminatioa  of  these  Blalade  rocka  was  made  at  a  point  where  the  section 
terminated  below  in  a  very  quartssitic  sandstone,  whioh  occupied  tbu  rehitive  posi- 
tion of  the  Potsdam,  and  was  auoordiugly  referred  with  doabt  to  that  groop  in  a  let- 
ter extract  which  was  published  in  the  AiigiiHt  number  of  the  American  Journal  of 
Science.  Later  examinations  have  shown  that  this  was  really  a  part  of  the  true 
Qaebee,  whose  base  is  not  here  exposed.* 

The  fossils  collected  by  Prof.  Bradley  were  studied  by  Mr.  P.  B. 
Meek,  who  identified  the  genera  Aguostus,  Oonocoryphe,  etc.,  along 
with  several  genera  of  the  Lower  Silurian  fauna,  and  gave  Prof.  Bradley 
the  paleontologic  data  for  his  correlation.^ 

It  is  to  be  borne  in  mind  that  at  the  time  of  the  work  referred  to,  the 
Quebec  group  was  made  to  cover  the  horizons  of  the  Potsdam,  Calcif- 
erons,  and  Chazy  of  the  New  York  section.  Again,  throughout  the 
writings  of  Messrs.  Hayden,  Bradley,  and  Meek  there  are  found  many 
references  to  the  Quebec  group,  of  strata  that  belong  to  dift'ereut  forma- 
tions. This  confusion  arose  primarily  from  the  misinterpretation  of  the 
mode  of  occurrence  of  the  Upper  Oambriau  and  Lower  Silurian  faunas 
at  Point  Levis,  Canada,  the  typical  locality*  of  the  Quebec  group. 

The  Cambrian  rocks  north  of  Malade  City  were  studied  by  Dr.  A.  C. 
Peale  in  1877,  in  the  Portneuf  and  Bannock,  ranges.  Uc  also  visited 
the  Bear  River  range.  Several  carefully  measured  sections  are  pub- 
lished with  a  summary  of  the  rocks  referred  to  tlie  Silurian  that  will 
be  referred  to  in  the  description  of  tlie  rocks  of  Idjiho.* 

The  northern  end  of  the  Portneuf  range,  in  the  vicinity  of  Mount  Put- 
nam, came  within  the  Teton  district  of  Prol.  Orestes  St.  John.  The 
central  portion  of  the  mountain  is  formed  of  ancient  quartzite,  alter- 
nating with  slaty  micaceous  shale,  which  alternates  with  limestones 
above ;  and  on  the  northern  terminus  of  Mount  Pntnam  there  is  an 
exhilntion  of  the  full  series  of  the  Paleozoic  formations  as  developed  in 
this  region.  * 


1  Ou  the  dlftcovory  of  the  QiielMo  formation  in  Idaho.    Am.  Jour.  Sot,  3d  iter.,  vol.  4«  1872,  p.  133. 

*  Bnidley,  Frank  IL :  Report  of  Frank  H.  Rradley,  Roolngint  of  the  Snake  Kivi*r  di  viaion.  T7.  S.  GeoL 
Snrv.ol  thd  Terr.,  6th  Ann.  Rep..  1873,  p.  2«1. 

•*  Preliminary  paleontologioal  report,  '  *  *  with  reinarkfi  on  %h%  agM  of  the  rockH,  etc  U.  S. 
Ge<»l^arv.  of  the  Territories,  erobracinf;  portions  of  Montana,  Idaho,  Wyoming,  and  Utah.  6th  Ann. 
Kep.,  1873,  pp.  431,  432. 

*  Report  on  the  Reology  of  the  Green  River  dlstriet.  U.  3.  Geol.  Surv.  of  the  Terr.,  11th  Ann.  Rep., 
187U,  pp.  667^72, 500, 613-616. 

*  iCnport  of  the  g<H>loKioal  field  work  of  the  Teton  diviaion.  U.  S.  Geol.  Snrr.  of  the  Terr. ,  lltk 
Ann-  Rep..  1870,  pp.  477-484. 
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Oil  the  map  iiccoinpaiiyiiig  the  twelt^th  annaal  report  of  the  Haydeii 
survey,  issued  iu  1883,  the  geographic  distribu  tion  of  tbe  strata  re- 
t'erre<l  t<>  the  Silurian  (which  iuchules  the  (Jambrian  and  the  qaaruite 
referred  to  the  Potsdam  and  a  i>ortion  of  the  limestones  referred  to  tbe 
Quebec)  is  delineated  iws  it  occurs  in  southeastern  Idaho.  This  is  based 
on  the  work  of  Messrs.  Bradley,  Endlich,  ISt.  Johu,  and  Peatey  of  tbe 
Hayden  survey. 

MONTANA. 

During  the  field  season  of  1872  Dr.  F.  V.  Hayden  made  a  geologic 
reconnaissance  of  certain  portions  of  Montana  and  noted  the  presence 
of  limestone  on  the  Gallatin  Kiver,  above  Gallatin  Oity,  that  contained 
numerous  fossils.  The  thickness  of  the  entire  series  of  strata  referred 
to  the  Lower  Silurian  is  estimated  at  1,600  feet.  The  massive  lime- 
stones referred  to  the  Potsdam  group  are  aboat  400  feet  thick  and 
]>iuss  gnuUially  down  into  50  feet  of  thinly  laminated,  cherty  limestones 
or  calcareous  mud  layt^rs,  with  abundant  organic  remains.  These  are 
sepanited  by  a  purplish  sa  ndstone  that  rests  npon  variegated  shalj 
clays,  yellow,  green,  etc.,  then  haitl,  dull  purplish  brown  qiiartzoee 
sandstones,  which  in  turn  are  underlaid  by  alternating  sandstones 
and  clays,  the  whole  having  a  thickness  of  over  1,000  feet.^ 

The  fossils  ijollectcil  were  studie<l  by  Mr.  F.  B.-Meek,  who  identified 
the  genera  Lingulepis,  Conocoryphe,  Bathyurns,  Acrotreta,  Uyolitbes, 
and  Agnostus  from  the  beds  of  the  ciist  side  of  the  Gallatin  Biver.' 

Strata  of  ^^  Primordial  age'^  were  discovered  by  Messrs.  Dana  and 
Griiinell  upon  the  southwestern  slope  of  Little  Belt  Mountiiins  and  the 
south  extremity  of  the  Belt  range  of  mountains;  these  are  I'eferred  to 
with  certainty,  owing  to  the  finding  of  Primordial  fossils.^ 

in  18S1  Dr.  F.  V.  ilayden  revisited  the  Gallatin  Kiver  locality,  in 
company  with  Dr.  A.  O.  Peale.*  The  section  near  the  month  of  tbe 
Kast  (iallatin  Uiver  was  studied  in  detail  by  Dr.  Peale  and  two  litho- 
logically  well  drllued  groui)s  determined. 

In  the  rejM>rt  td"  the  following  year  the  East  Gallatin  group  is  sfioken 
of  as  probably  Middle  (\'iiMbrian.'' 

hi  his  administrative  report  to  the  Director  of  the  U.  S.  Geological 
Survey  for  !he  llt^ld  season  of  18.S*.>,  Dr.  A.  C.  Peale  tabulates  the  Gal- 
latin liiver  Paleozoic  section,  and  includes  under  the  Cambrian  the 
<!allatin  limt^st<>ne,  835  feet  in  thickness,  and  the  Gallatiu  sandstoue, 
•lir»  feet.     Heiieath  the  (iallatin  limestones  are  5,000  feet  of  couglomer- 

'  li.  jKul  of  F.  V.  IlayiUii.  V.  S.  (Jt?ol.Sur.ottJio  Torr..  filh  Ann.  R«p.,  1873.  p.  73. 

*  Pn  liiuinai  V  p;ili<»nlolo;:ir:iI  n-port,  .  .  .  \^irll  rtMiisulcH  uii  the  ajces  of  tbo  rocki«  t^tc  U.S. 
<;i.il.Sur.  i«l  the  I  \rriiiu  uh,  iMiiliiHriii;i  porlioiiH  of  Mmitaiia,  [<iahu,  Wyooiiog,  and  ITtah;  Gth  Abb. 
lit  !•  .  187:1  pp.,  4;{I.4:{2. 

'iM'dln-iiHl  ivpiirt.  Ui-p«»rt  ol"  a  ;ir.»lo-4i«;il  ri<;onni>iH.s:iiii'e  frtwn  CarntU,  Montana  Terrritory.  00 
tint  I  pp.. r  MissiMiri.  to  Ihi.  Vi'Ilowstoin-  I'ark  :iinl  ivtiirn.  luadr  in  the  nummer  of  1875,  by  Wdi. Lad- 
low  :  1H76.  p.  21'. 

*A«liniiii.strativr  Kipcirt  Moutnua  IMviHioii.  U.S.  (nol.  Siirv«»\\6th  i^nn.  ReP.,  188i-'8S,  1889^  pp.  4i- 
61. 

*lbid.,  U.  S.  Ciool.  Survo.v,  7tb  A  un.  lley.  lur  l8W-"80,  li<6i<,  p.  86. 
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itic  micaceous  sandstones,  with  bands  of  siliceous  limestones  »ud  indu- 
rated clay  shales,  which  he  refers  to  the  Algonkian.^ 

CANADIAN  KXTKNSION. 

The  discoveiy  of  rocks  of  Cambrian  a^re  in  the  western  portion  of 
Biitish  Columbia  is  of  recent  date.  During  the  summer  of  1883  ])r. 
G.  M.  Dawson  and  Mr.  B.  G.  McConuell  investigated  the  Paleozoic  rocks 
on  the  line  of  the  Canadian  Pacific  Kailroadand  discovered  at  the  C'row 
Nest  Pass  a  great  thickness  of  limestone  of  Devonian  age,  beneath 
which  is  a  great  series  of  slaty  and  quartzite  rocks.  No  fossils  were 
fonnd  in  the  beds,  but  some  were  found  in  detached  fnigments,  which 
are  roferred  to  the  Cambrian.'  In  the  roi)ort  publislied  in  1880  Dr. 
G.  M.  Dawson  says  that  of  the  rocks  referred  to  througliout  his  report 
as  Cambrian  no  complete  general  section  can  be  otlei^d.  Along  the 
line  of  the  Columbia  Valley  the  basal  beds  were  not  obKerve4l.  The 
comi)onent  beds  of  the  great  Cambrian  series  are,  in  the  insiin,  qnartz- 
itesand  quartzitic  shales,  passing  into  argillites,  o<*ciV8iona1Iy)n(*Uuling 
limestones  or  more  or  less  calcareous  or  dolomitic  materials  and  con- 
glomerates.^ 

Near  VVaterton  Lake  a  section  was  measui'eil  3,(KK)  feet  in  thickness; 
another  at  South  Kootanie  Pass  had  a  mininum  (estimated)  thickness 
of  the  outcropping  Cambrian  beds  of  11,000  feet,  and  it  included 
neither  the  summit  nor  the  base  of  the  series.  Other  sections  were 
measured,  but  none  were  found  in  which  the  whole  volume  of  the  form- 
ation could  be  ascertained.^ 

Dr.  Dawson  compares  these  sections  with  that  of  the  Wasat<*h  Moun- 
tains of  Utah;  and  more  recent  discoveries  have  sliowii  that  they  are 
quite  similar  in  character.  If  the  view  of  separating  the  pn^  Olenellus 
beds  from  the  Cambrian  is  accepted,  most  of  the  South  Ivootanie 
Pass  rocks  will  be  referred  to  the  Algoiikian,  corresponding  in  this 
respect  to  the  Algonkian  (!)  of  the  Big  CottonwDcwl  section  of  the 
AVasatch  Mountains,  Utah. 

Dr.  Dawson  further  states  that  Mr.  11.  11.  Winwood  announced  the 
discovery  of  Cam briiiu  fossils  in  the  Kicking  llonse  Pass  in  a  letter 
to  the  Geological  Magazine  in  1885.^  From  among  the  spet'.imens 
obtained  at  that  time  Mr.  C.  D.  VValcott  recognized  Olcnelbitt  hoicelU 
and  Olenoiden  lenin,  trilobites  characteristic  of  the  Prospect  Mountain 
group  of  Nevada. •  Numerous  other  references  occur  in  Dr.  Dawson's 
report  in  connection  with  the  descripti(»n  of  the  local  details  of  the 


1  AdiniuiAtrativo  RAport,  Moiitnua  DiviKion.    U.  S.  CJool.  Siirv..  10th  Ann.  Htp.,  IsOt),  p.  131. 

*DaMrHon,  Geo.M.:  Recent  gfulogical  obHorviitionH  on  tlu*  Cunadinn  XoilliHeHt  'IVrriUtry.  Sc!enc(\ 
Tol.H,  1884  p.  648. 

^  rreliminarv  report  on  the  physical  and  ii^Ioju^ical  fvnturt*  of  that  portion  of  the  Kocky  Mountains 
between  lat.49°  and  5P  SiK.    Ueol.  Survey  Canada,  now  ner.,  vol.  1, 1886,  p.  157H. 

«Op.oit.,p.l5gB. 

*QeoloKlcal  a|^  of  the  Rocky  Monntaina.    CI«h>1.  Ma*;.,  new  ner.,  dec  3,  vol.  2, 1885,  p.  240. 

*  Preliminary  report  on  the  physical  and  f;«M>loKical  featiireH  of  that  portiim  of  thf  Kooky  Mountains 
between  latitadea  4y>  and  610  30^.    Geol.  Surv.  Canada,  now  ser.,  vol.  1, 1886,  p.  140B. 
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^eolo^y.  One  of  these  refers  to  the  fiiuliug  of  a  specimen  of  Ptyckapa- 
ria  oirtni  .M.  suid  H.  on  th(!  Cascade  liiver  in  ddbris  brought  down  from 
the  inountain,  indicating  the  presence  of  the  Cambrian  in  the  Cascade 
Mountains.^ 

An  admirable  map  aecomi>anie8  Dr.  Dawson's  reiH>rty  and  indndes 
the  region  between  latitude  41P  and  50^  3(K.  The  geographic  distriba- 
tionof  the  Cambrian  quartzite  series  and  its  relations  to  the  supeija- 
eent  Carboniferous  and  Devonian  rocks  is  delineated,  and  their  strati- 
graphic  position  is  shown  in  an  accom]ninying  diagrammatic  section. 

When  exploring  the  Yukon  district  in  1887  Dr.* Dawson'  discovered 
that  the  country  north  of  Dease  Lake  hatl  a  granitic  nucleus  with  Paleo- 
zoic ro(;ks  on  its  flanks,  ranging  from  the  Cambrian  to  the  Carboniferous. 
!No  details  are  given. 

The  detailed  exploration  of  the  Paleozoic  rocks  west  of  the  great 
Archean  area,  near  the  border  of  British  Columbia  and  Alberta,  was 
undertaken  by  Mr.  K.  G.  McConnell,  and  his  results  are  presented 
in  the  annual  report  of  the  Canadian  Survey  for  1886.  The  Castle 
Mountain  group,  a  great  limestone  formation,  has  a  known  miuimnm 
thickness  of  7,7(K)  feet.  The  lower  portion  is  of  Cambrian  age,  and  tbe 
upper  part  forms  the  base  of  the  Lower  Silurian  (Ordovician).  Beneath 
the  Castle  Mountain  group  the  Bow  Kiver  series  forms  a  great  thick- 
ness of  dark  colored  argillites,  associated  with  some  sandstones,  quartz- 
ites,  and  conglomerates.  The  ])ortion  exi)osed  has  an  estimated  thick- 
ness of  10,(KK)  feet,  and  in  the  upper  part  of  it  occur  the  fossils  men- 
by  Dr.  Dawson,  OlendhiH  yilhertij  etc'  The  occurrence  of  fossils  of 
(■ambrian  age  in  the  lower  portion  of  the  Castle  Mountain  groupie 
noted  on  page  281)  of  tin*  report. 

The  fauna  from  the  slates  or  shales  at  the  base  of  the  Castle  Moun- 
tain ^roiip,  in  the  Mount  Stephen  station,  was  described  by  Dr.  C 
Roiiiiiiger  in  1887,*  and  review<'d  by  Mr,  C  D.  Walcott  in  the  following 
vear.* 

in  noticing  the  two  papers  just  mentioned  Mr.  B.  G.  McConnell  gives 
a  resume  of  the  section  at  Mount  Stephen.  He  states  that  no  fossils 
have  been  dete(!tiMl  in  the  lower  part  of  the  Bow  River  series,  buts|)eci- 
niens  of  (HvnellHs  ijHhvrti  wi»re  found  by  Dr.  Dawson  in  1884  about  2,000 
feet  below  the.  top  of  th(*  f(»rniation.  The  next  fossiliferous  zone  occqiib 
near  the  juiietion  of  l>ow  liiver  and  (-iistle  Mountain  grou^is,  where 
Pnradoxides  was  fonnd ;  and  a  third  zone,  l>etween  3,000  and  4y000feet 
hi;;her  up,  e^irries  tlie  fauna  dc^scribed  by  Dr.  liomiuger.* 

'(ip.cit..  ]).  li:UJ. 

"NoliH  «»n  »'^i>loiatioii  in  Viiknn  l>ir«tni't.    SciiMioi*.  v«il.  10,  1887,  p.  165. 

*K<-pi>it  on  thf  Ciolii^icnl  Striii'tiin*  of  a  iioitiiiii  of  tliu  Korky  MountainR.  with  a  Miction.  GtiL 
Siiiv.  (':in:Ml:i,  Ann.  Kriinrt.  nt-w  i*<«i-.,  vol.  LV  lhJ<7.  \i\i.  'Jl  [M  I). 

*  hi-si  lipiiiin  uf  rrinioifliui  fosniU  tViini  Muitnt  Sti*i>lu>n8,  N orth went  Territocy  of  Canada.  Phik 
Aiiiil.  >'ri.  I*ior.,  IKX>i.  j,p.  VzAM,  IM.  I. 

^('ittiiliii.-\n  fitH.^ilo  tmni  .Mount  Sti^phiMM.  Am.  Jour.  Sri.,  'M\  Hpr.,  toI.  3ff,  1888,  p|l.  161-160. 

'-N'ori'non  th^;:i-olo^y  uf  Mount  Stfplicn,  Hrit^h  Colunibia.    American  GaoloKist,  tdI.  S,  ISN^ff^ 
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lu  a  *<  Note  on  the  geology  of  the  Selkirk  Rauge, "  of  British  Golain- 
bia.  Dr.  Oeorge  M.  Dawson  states  that  the  Olenellus  fauna  lias  been 
found  3,000  feet  down  in  the  Bow  Biver  series.'  He  refers  the  Niscon- 
lith|  and  the  lower  15,000  feet  of  the  Selkirk  series,  of  the  Selkirk  sec- 
tion, to  the  Cambrian,  and  correlates  them  with  the  Bow  Biver  and  lower 
portion  of  the  Oastle  Mountain  series  of  the  western  side  of  the  Becky 
Mountains.  (The  details  of  these  series  are  given  in  chapter  iv,  of  this 
pai>er.) 

FALBONTOLOaT. 

The  first  description  of  Cambrian  fossils  from  the  Bocky  Mountain 
province  is  that  by  Mr.  F.  B.  Meek,  in  1868,  who  described  from  the 
material  discovered  by  Mr.  Clayton  .at  Silver  Peak,  Nevada,  EthmophyU 
lum  whitneyi  and  E.  gracile.*  Shortly  after  he  changed  the  reference 
of  these  species  to  Archroocyathus,  making  A.  whitneyi  and  A.  graciJe? 
In  1870  he  added  Paradoxidest  nevadensia  and  Conocoryphe  {Conovepha- 
litet)  kingij  fh>m  Antelope  Spring,  Nevada.  From  the  known  position 
of  the  genus  Conocephalites  the  two  species  were  referred  by  him  to  the 
Primordial  zone.^ 

In  1872  Prof.  J.  D.  Whitney  calls  attention  to  the  occurrence  of  the 
Primonlial  fauna  near  Eureka,  Nevada,  at  a  locality  discovered  by 
Mr.  J.  E.  Clayton.  lie  identiiied  a  si)ecies  closely  related  to  Agraulos 
otoeni  of  Meek  and  llaydeu,  and  fragments  of  the  genera  Conocoryphe, 
Paradoxides,  Lingulepis,  and  Obolella.^  A  notice  of  this  discovery  was 
also  published  in  the  proceedings  of  the  California  Academy  of  Sci- 
ences in  the  same  year.    (Vol.  4,  p.  200.) 

From  the  Upper  Cambrian  rocks  of  southeasrern  Idaho  and  southern 
Montana,  Mr.  F.  B.  Meek  described  in  1873  Iphidea  ft  sculptiliH  (p.  479), 
Agnostus  hidetu  (p.  4G3),  Conocoryphe  (Conocephaliteit)  gcdJatinenHiH  (p. 
4&6)^  Bathyurus  t  haydeni  (p.  482),  B.  serratun  (p.  480),  Bathyurellus 
{Asaphiitciis)  bradleyi  (]».  484),  Bathyurueus  tchecleri  (p.  485,  foot-note). 
It  is  stated  on  page  4G5  that  Bathyurincus  (DikeloccphaluH  f)  truncaiuH 
18  described  in  the  report.  It  does  not,  however,  appear  in  tlie  text. 
He  also  identified  the  species  Acrotreta  Hubconica  Kutorga  (A.  atten- 
uata  proposed  if  it  proved  to  be  a  distinct  species,  p.  403),  HyolitheH 
gregaria  M.  &  II.,  Camerella  calcifera  Billings,  and  Agnotttus  josepha^ 
Hall.  Numerous  generic  references  are  made  from  the  fragments  in  the 
collection,  and  in  the  lists  from  various  localities  species  of  the  Calcif- 
erous  zone  of  the  Lower  Silurian  (Ordovician)  occur,  especially  in  the 
list  of  the  collection  from  Mahide  City.^ 

>  Bnll.  <7eoI.  Soo.  Amorioi,  vuL  3,  1891,  p.  171. 

*  Prelim  iuiir>  noticeof  »  remarkable  now  freunM  of  <?oraN.  pmbalily  typical  of  anew  fiiinily,  •    *    * 
from  tlio  Silnrian  rockn  of  Nerada  Territory.    Am.  Jour.  S<m.,  2ii  nor.,  vol.  45, 1808,  pp.  62-64. 

*  Koto  on  Ethmophylliini  and  Archteocyal  huM.    Am.  Jour.  Sci.,  2d  Her.,  vol.  46, 186S,  p.  144. 
^M.oek,F.  B.;  I>e6criptiou!i  of  foiMils  uollocted  by  the  U.  S.  GtH)logical  Survey,  under  the  cbarj^o  of 

Claronce  King,  e»q.    Phil,  AcaiL  Sci.  Proc.,  vol.  23,  1K70,  pp.  62-64. 

*Note  on  the  OGCurrence  of  the  "  Primordial  S^na  "  iu  Nevada.    Am.  Jour.  Soi.,  .Til  ser.,  voL  3, 1K72, 
pp.  84, 85. 

*  Prelim  i  nary  paleontolo^ioal  report,    *    •    •    with  remarkt*  on  the  a«;eii  of  the  cqoVa^  «Vq.   \S.^. 
GeoLSurv.of  the  Terr., embraoing  portion«  of  Itfoutanai  Idaho,  WjcnnVik^K  wki\\^Va!&.\  ^v^  ^\£&L>aAX 
Report,  1873,  pp,  4eS-487. 
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From  the  collections  made  by  the  geologists  of  the  Wheeler  survey 
west  of  the  ouo  hundredth  meridian,  Dr.  G.  A.  White  describes,  in  a 
preliniiiiary  report,  CruzianalinnarsHom^  C,  rustioajAerotretat  9tUmd^ay 
Trematis  pannultiSy  and  Agnoshis  interstricta.  He  also  identified  Hyo- 
lithea  primordialis  FTall  t ;  and  published  the  manasoript  description  by 
Mr.  Meek  of  Olenellvs  gilherti  and  0.  hafeellV  From  the  strata  re- 
ferred to  the  ago  of  the  Quebec  group  he  describes  Aerotreta  pyxidi- 
cxila  (p.  9)  and  Dil'elocephalvs  flaf/ricaudus  (p.  12).  The  former  species 
was  subsequently  identlHed  by  Mr.  O.  D.  Walcott  as  Aerotreta  gemma 
of  tlie.  Upper  Cambrian,  and  the  latter  species  is  referred  to  the  Middle 
Cambrian  fauna  as  Zacanthoides  flagricaudna.  The  manuscript  descrip- 
tions of  Olenellus  gilherti  and  0.  hotcelU  by  Mr.  Meek  were  also  printed 
in  1875  under  the  names  of  Olenus  (Olenelltia)  gilherti  and  O.  (O.)  howelU 
in  the  report  of  Mr.  G.  K.  Gilbert.^ 

The  species  describetl  by  Dr.  White  in  his  preliminary  report  of  1874 
were  re4le»cribed  and  illustrated  by  him  in  1875.  In  addition  to  the 
spoi'Jes  mentioned  in  the  preliminary  report  he  describes  and  illustrates 
Concur yphe  (Ptychoparia)  kingi  Meek  (p.  40)  and  Aaaphiscus  wheeleri 
MtM^.k  (p.  4:i.)' 

The  two  species  descril>ed  by  Mr.  Meek  from  Antelope  Spring,  Utah, 
in  1870,  were  redescribed  and  illustrated  by  him  in  1877,  under  the 
names  of  Oonocory^phe  (Ptyclwparia)  kingi  and  Paradoxidea  f  nevadensii. 
1  n  the  description  of  the  latter  species  he  gave  reasons  for  believing  that 
the  g<'nerie  i-eference  was  incorrect,  and  that  the  species  belonged  to  an 
undescribed  genus.  For  this  genus,  if  the  species  proved  not  to  be 
Piiradoxides,  he  proposed  the  genus  Olenoides.* 

Tlie  description  of  the  collections  of  the  Fortieth  Parallel  Survey  by 
iM(*ssrs.  iliill  and  Whitfield  iulded  a  large  number  of  new  forms  to  the 
Midille  Cambrian  fauna.* 

The  new  sj)ecies  described  are: 

Ohololhi  <1isc(>i(1ea,  ]».  yor>. 
Liu^iiIrjiiH  ina^ra,  p.  1^)(). 

If  niiiuitay  p.  MiH). 
Kiitor^iiia  minutiusiiiia,  p.  207. 
Lopt;i'iia  iiH'litii,  p.  '20H. 
<!nqii(-<>plialns  (I^<»*xaii«'IliiH)  ha;{iioi,  p.  *210. 

(l-.o;ran«!llii.s)  nitidiiM,  j>.  '2VJ. 

(LotraiHilliiM)  ^raiiiilosiiH,  ]i.  Iil4. 

(Lo^aiit^lliiH)  inaniloNiiH,  p.  215. 


'  IVrliiuiiiiiiy  rrport  uimui  inviTti-brufii  fiMniN  colli-otiMl  by  the  expeditiooB  of  1871,  1872,  And  1873. 
with  <l<-MiTi|itioiirt  of  iKiw  siMM-ir.-t.  ]ip.  LT.  GtH)>;.  ami  (joul.  Sitr.  wost  of  lUOth  Mer.,  Lieut.  Wheels 
in  cliar;;**,  \V:mliiii::tjiii,  IHTl.  |>ii«4   TJ. 

'Ko|Mirt.  on  t)i«4  u«M»l(»<;y  of  portiouH  of  "N'eviula,  I'tuh,  Califonnii,  and  Arixona  ezjMnined  in  tbe  Y«in 
1H7I  and  l^TJ  Kipnit  on  (Jt-o^.ftnd  Oiol.  Expl.  and  Siir.  wi'mI  of  100  th  Mcr.,  voLa,G«H>loK.v,  187:i.pp- 
1K_»,  \y.\. 

Mo-piiii  upon  tlir  inxi'i'trhrato  fi»SHilH  foiI«'<-ti'(|  in  |m>i  iioiirt  of  Nova4la,Ut4ih,  ColorMlo,Now  Mf'xko. 
ami  .\ii/.i>na  l>v  piiitrrn  of  Mic  exprditiuiirt  of  lS71-'74.  Wlict-lcrH  Kxpl.  and  Sur.  west  of  the  lOlU 
M.  r.    vol.  1.  pt.  1.  187.".. 

M;.  S.   (irol.  K\pl.  ot  lliu  VJlU  Piir.ilUd,  vol.  4,  pt.  1, 1877,  pp.  20-l!5. 

''  / Jiid.,  vol.  4,  1877»  pt.  U,  yp.  iO'o  *i4(i. 
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Crapioephaliu  (Loguiellus)  miiialeatiu,  p.  216. 

(LoganoIIni)  simiilator,  p.  818. 

(Loganelliu)  anytiu^  p.  219. 

(Batbynras)  f  angnlatas,  p.  220. 
Couooephalit6B(Pterooephalii8)  latioepo,  p.  22L 
Ptyohnspia  pnstaloMt,  p.  223. 
Chariooephaliu  tamiftons,  p.  224. 
Dikelooephalaa  bilobatos,  p.  226. 

•maltiolnctiw,  p.  226. 

flabellifer,  p,  227. 
Agnostns  commanis,  p.  228. 

neon,  p.  229. 

prolongnsi  p.  230. 

tamidosas,  p.  231. 
Lingnlepsis  ella,  p.  232. 
Conooephalites  sabcoronatas,  p.  237. 
Crepioephalus  f  (Loganellus)  qnadranB,  p.  238. 
Dikelocephalas  quadriceps,  p.  240. 

wasatchensis,  p.  241. 

fgothicus,  p.  242. 
Ogygia  prodiiota,  p.  244. 

parabola,  p.  245. 

Of  these  species  those  from  LinguJepsis  eUa  to  Ogygia  parabola^  in- 
clusive, are  referred  to  tlie  Quebec  group,  and  tbe  otliers  to  the  Pots- 
dam. The  descriptions  are  accompanied  by  fine  illustrations  of  all  the 
species  mentioned. 

In  1880  Dr.  G.  A.  White  referred  his  Acrotretu  f  auhsidnay  described 
in  1874,  to  the  genus  Acrothele  of  An^elin.^ 

The  study  of  a  collection  made  by  the  U.  S.  Geolo<?!cal  Survey  from 
the  Eureka  district,  Nevada,  gave  Mr.  O.  D.  Walcott  material  for  the 
description  of  a  number  of  new  species  from  the  Cambrian.  They 
include  the  following:  * 

Acrothele  f  dichotoma,  p.  14. 
Scenella  f  conulu,  p.  15. 
Kutorgiua  wbitfieldj,  p.  18. 

prospecteiiHis,  p.  19. 
Ortbis  eiirekenBifl,  p.  22. 
8U'iiotheca  elongata,  p.  23. 
AgnoHtiis  ricbnioiiddtiiHirt,  p.  24. 

seeliisiis,  p.  25. 
OleiiolluH  iddiugm,  p.  28. 
DikeloeepbaliiM  nasutUH,  p.  40. 

ricbinondfiiHiH,  p.  41. 

f  angustifroufl,  p.  42. 

iole,  p.  43. 

marica,  p.  44. 

f  expaiisuH,  p.  45. 
Ptychoparia  (f)  prospectensiH,  p.  46. 

(?)  linuarH8oni,  p.  47. 

'  Note  on  Acrothele.    TI.  S.  Nat.  Muh.  Pnw.,  vol.  3. 1H80.  p.  47. 

s Paleontology  of  the  Eureka  district.    U.  S.  GeoL  Surv.,  Moiiui;rai»h,  vol.  R,  1884,  pp.  11-4I4. 
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Ptyclioparia  (f)  (Solenoplciira)  (f )  breviceps,  p.  4B» 

(?)  ])erDaautn8,  p.  49. 

(Eiilouia  f )  flissiniilis  p.  51. 

occidentalis,  p  51. 

slDiiliH,  p.  52. 

similiSy  var.  roljustus,  p.  o3» 

(Enloiuaf)  afliuis,  p.  54. 

Ia)viccp8,  p.  54. 

(Pt«roc(^l»ha1ii8)  occidens,  p.  58. 
Anomocare  ?  ]>arviimy  p.  59. 
AgrauIoM  ?  f^IoboHnB,  p.  Gl. 
ArotbiiBiua  amcricaua,  p.  62. 
Ogygia  f  BpiiiOHa,  p.  G^i, 

(f)  probleniatica,  p.  (ilX 

The  following  genera  and  species  are  mentioned  and  flliiBtnited: 

Protospoiigia  feuestrata*  p.  11. 
Lingulepis  iiniira,  p.  12. 

f  niiniita,  p.  13. 
Lingiila  ?  iiiauticula,  p.  13. 
OboleUa  diHCoidea,  II.  &,  W.,  p.  14. 
Acrotreta  goiiinia,  BillingH,  p.  17. 

Unfler  thiH  npccios  aro  altu)  inclndcd  Acrotreta  suhconiea  and  A.  aHemmaUf 
Meek,  1873,  and  Acrotreta  yyxidiculaf  White,  1874. 
Kutorgiua  scnlptiliH,  Meek,  p.  20. 

The  synonyniy  <»f  tluB  species  inclades  Ipkideaflft)  BmlpJUiM,  1S73,  and 
Kutorgiua  mitnitlsHma,  U.  &  W.,  1877. 
Le]>tn^na  molita,  H.  Jk,  W.,  p.  22. 
U.yolithes  priuiordialiM,  Hall,  p.  23. 
AgnostiiH  bideiiH,  Meek,  p.  26. 
coiuiQuuiH,  H.  Si.  W.,  p.  27. 
ne(ni,  H.  &  W.,  p.  27. 
prolongiis,  H.  &  W.,  p.  28. 
Oleiiellurt  gilberti,  Meek,  p.  29. 

ho  well  i,  Meek,  p.  30. 
Dikelocepliuliis  bilobatiiH,  II.  &  W.,  p.  40. 
usceola,  Hall,  p.  40. 
f  quudricepH,  H.  &  W.,  p.  45. 
PtychopJiriii  oweni,  M.  &  H.,  p.  55. 

Under  thiM  Hpocios  are  i^hued  as  synonyms  Conocorjfph§  {Ptyekoparia) 
gaUutincnaiii,  Meek,  lri73,  ('repU^phalus  (LoganeUut)  c§»trali§,  Whit- 
lit-hl,  1877. 
auytuN,  IT.  *fe  W.,  p.  56. 
grail II losiiN,  P.  haguei  and  P.  uitiduH,  H.  &  W.,  p.  57. 

IJndrr  the  latter  H])fcie8   Crepkrphalus  (LoganelluM)  ti««7aforyH.  A, 

W.f  1K77,  is  plaeed  as  a  Hynonym. 
unisnlcatus,  H.  tfc  W.,  ]).  38. 
(Pt«Ti»i-fplialuH)lati<;epH,  H.  4.V  W.,  p.  r>9. 
PtyehaspiH  niiniita,  Whilliehl  (?)  p.  <)0. 
(■harioeeplialus  (!)  tiiniirron8,  H.  iV  W.,  p.  01. 

N()t<\s  on  tho  j^i'inis  AcTotivta  of  Kntorga  are  given  on  pa|i^e  16;  and 
observations  on  OkndluHhoicvUi  on  pages  32-39, 
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In  1886  ICr.  0.  D.  WalootL  renewed  the  sfieoies  which  he  then  con- 
sidered to  belong  to  the  Oleaellas,  or  Uiddle  Cambrian  faana.' 
The  followiD^new  species  were  described  ficom  Utah  and  fTerada: 
EoojititM  tt  loagidutylnj,  p.  94. 
Ortliia  t  higltlandenaJB,  p.  119. 
HyiditliM  biUlngsi,  p.  134. 
Leperdltift  t  orgenta,  p.  146. 
OlenoidM  typioalia,  p.  1S3. 

levle,  p.  1B7. 
Ptychopuna  hoiueiiBEs,  p.  201. 

piocboDaii,  p.  201. 
Cceplc«plialiia  Uliana,  p.  S07. 

Mignitft,  p.  20B. 
Orjtoooephalas,  new  genuii,  p.SlO. 
Orytcocephalua  primas,  p.  310. 
BatliynrisouBfaowelli,  p. 216. 
The  genua  Ethmopliyllnm,  described  by  Mr.  Meek  in  1868,  and  the 
species  placed  ander  it  referred  in  the  same  year  to  Arehieocyathiis,  is 
redefined  as  the  genna  Etlimopbyllam,  with  Elhmophyllum  lohitneyi  as 
the  type  (p.  81.)     Ethmopkyllum  gracile  Meek  is  placed  as  a  synouyui  of 
tlie  latter  species.     Descriptions  and  illuatratious  of  the  following 
species  also  appear  in  this  work : 

PiotoapoDgEa  fenettrata,  Salt«r,p.90. 
LfBgiilella  ella,  H.  &.  W.  p.  97. 
jLcmtrota  gemma,  liillinga,  p,9S. 
Kalorgiaa  pannnla,  WliiM,  p.  105. 
pTDspeeleiiBia,  WalcoU,  p.  106. 
Acrothele  sabaidua.  \V)iit«,  p.  106. 
Soeoella  t  ooiinla,  Walcott,  p.  12T. 
St«notheca  t  elongntu,  Wulralt,  p.  129. 
AgUMtUB  iDtontrlctnn,  Wliite,  p.  149. 
Olanallna  iddingai,  Wnlcott.p.  170. 

gilberti,  Heek,  p,  170. 
Olanoidm  nevadeuaiii,  M»ek,  p.  ISl, 
apJDiwas,  Wnlcutt,  p.  184. 

t  tlagricauduH,  Wliile,  p.  185.  ' 

quadrict>pH,  H.  &  W.,  p.  187. 
waaatcbeuais,  H.  &.W.,p.  1S9. 
Ptfoboparia  kiagi,  Huek  (np.),  p.  193. 
qiiMlrnnB,II.A:  W.,p.  WD. 
T  pruspoctHtiflJB,  Walcott,  p.  ^02. 
aiibci>n>iiat»,  II.  &  W.,  p.'iUTi. 
Anoroocare  t  parrnm,  Walcott,  p.  'iOS. 
Bathyurisciis  iiroiluctnH,  H.  &.  W.,  p.  'il7. 
AsaiibisuiKi  wlieelori,  Mnek.p.'JSO. 
A  discussion  of  several  of  tlie  genera  is  aLso  presented. 
In  Hjitiper  on  the  stratigraphic  poisitioii  of  the  Oicuellua  fauna  Mr. 
C.  D.  Walcott  reviewed  tlie  striitigntpliio  imsitiun  of  tlie  fauna  de- 
Hcril>ed  in  Bulletin  30  of  the  U.  S,  Geological  Survey,  and  referre<l  the 


to  tha  ■todlm  of  tba  UauMu  Cuuiaa  ur  Nurtti  Aueck*.    D.  3.  a«iil.  Surver, 
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following  species,  formerly  assigned  to  the  Lower  Oambriali  firanfti  to 
the  Middle  Oambriau  zone,  considering  the  Olenellas  zone  to  indade 
only  the  Lower  Cambrian  faaua.^    The  species  are: 

Protospongia  fenestrata,  Salter. 
EocyHiitettf  f  longidaciyluB,  Walcott. 
Leperditia  argonta,  Waicott. 
AgDOstus  interstrictas,  White. 
Olenoides  nevadeusis,  Meok  (sp.). 

qaadricops,  Hall  &  Whitfield  (sp.). 

wasatchotiBis,  H.  &  W.  (sp.). 

spiuoenB,  Walcott. 

typicalis,  Walcott. 
Ptychopiiriu  hoiiHODsis,  Walcott. 

kiugi,  Meok  (sp.). 

piocheusifl,  Walcott. 
f  pro8]>ect(.'n8i8y  Walcott. 

qnadrau8,  H.  &  W.  (sp.). 

sabcorouata,  II.  &,  W.  (sp.). 
Ba thy u rise UH  bowelli,  Walcott. 

pro<luotnB;  ir.  &  W.  (sp.). 
AsaphisciiH  wlieclori.  Meek. 

Ptychaspls  piochenHig  occnrs  100  feet  above  the  Olenellns  zone  proper, 
in  the  Iliglilund  range  section,  but  as  it  also  occurs  1,137  feet  higher 
u])  in  the  same  section,  it  is  now  referred  to  the  Middle  Oambrian  fauna 
and  not  to  the  Olenellns  fauna.^ 

The  presence  of  Oambrian  fossils  at  Kicking  Horse  Pass  of  the  Bocky 
Mountain  division  of  the  Oanadian  Pacific  Railway  was  announced  by 
Mr.  II.  II.  Winwood  in  18S5.*  Indirect  reference  was  also  made  to  this 
by  Dr.  (r.  M.  Dawson  in  1884.*  The  specimens  obtained  at  that  time 
were  exaniiiied  ]>y  Mr.  O.  D.  Walcott,  who  recognized  Olenelhis  hincelli 
and  0/<'/to/V/6'.v /cr/.y,  trilobites  characteristic  of  the  Prospect  Mountain 
group  of  Nevada.'' 

During  tlio  survey  by  Mr.  R.  G.  McOonncll  of  the  section  along  the 
line  of  the  (Canadian  Pacdtic  Railway  there  was  discovered  at  Mount  Ste- 
phen a  zone  of  fossiliferous  slate  2.(K)0  feet  above  the  base  of  the  Oastle 
Mountain  limestone.  From  the  collections  obtained  Dr.  0.  Uominger 
ilescribed  the  new  genus  Embolimus  and  five  new  species  of  trilo- 
bites,  viz :  Of/i/gia  klofzi,  O.  serrata,  hJmhoUmu4i  npinosa^  E.  rofundata, 
and  (UnwcephaliteHcordiUerw,  lie  also  identified  Mtnovephalus sdlterif^ 
^>illin^^s,  liat/ufurm  f^  Af/nostus  (''compare  A.  ini^rger  Barr*^),  and  the 
genera  Orthis,  Obolella,  Kutorgina,  Leptienaf,  Metoptoma,  and  Hyo- 
lith(\s.*^ 


'  Str!iti.:ru(>liic  Hiirct^Hrtiou  of  tho  OloiirlliiH  fniina  in  North  America  and  Barope.     Am.  Jonr.  ScU 
3«1  sir,  vol.  :{7.  ]t]K  :i74  :il»2:  vol.3i<,  18HJI,  i»p.  20  42. 
"Op.  rii.,  ii.:!87. 

"(!iM»li»;:iral  .'iiin  fif  t.h<'  Itooky  Mountains.    (¥«m»1.  Mai^aT'.iiK^nAV  sor.,  doo.S,  tAI. 2,1885,p.240. 
•  lt»M;i;iif  i,'«M>li»i^io.il  ubsfi-vutioiiHon  tlift  CuTiudi.u)  Nortliwcst  Territory.    Soiouoe,  vol.  3, 1884, p>. 648. 
^rri'liiiiiii:u'.>  ri'pi»rt  on  tin?  pliyrttcal  :iii<l;:r«i]o<;;i('.aI  fn,iritr«>.4  of  thiit  portion  of  the  Rooky  If  oun tain* 
Ih'twtiu  >;ititiidi-'4  4U  •  ami  .'il  >  :w.    G<X)I.  Siirv.  (Junaila,  now  .sor..  vol.  1, 1886,  p.  140B. 
'DrsriipLioii  «•!  rrliiiunlV.v^  VoAA\\AV^omlA.ov\u\.^VA^v^.\^^w,Xu^tUwedt  Territory  of  OanadA.    FhiUdel- 
piiiu  Aca.l.  Sri.,  rroc,  1H87,  V)y.  Vi-Vi. 
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A  review  of  Dr.  Bominger's  work  on  the  Moant  Stephen  fossils  by  Mr. 
0.  D.Waloott  resulted  in  his  determinlnf;  that  EmbolimuH  spinosuj  Bom.= 
Zacanthaides ^inoguSj  Waloott;  Smbolimuarotundataj  Bjom^^Bathyuria- 
eus  koweUij  Walcott ;  Ogngia  serrata=  Olenoidea  nevadensis^  Meek ;  and 
that  OonocephalUes  oordillerWj  Bom,= Ptyehoparia  cordiUercej  Rom. 
(sp.),  and  Ogygia  t  f  Jclotzij  Bora.,  are  new  to  the  previously  known 
Caiubrian  fauna.  The  genus  Zaeauthoides  is  proposed  to  include  Ole- 
noides  typicaliSj  O.  spinMus^  0.  levUj  and  O.JiagricauduH^  described  in  1886. 
There  were  also  identified  from  the  material  stndieil  by  Dr.  Romingcr 
Agiio8tu8  interHtrictn^ij  Acrotreta  gemma^  Kutorgina  prospeetenai^tj  and 
Hyolithellus  micans*^  Subsequently  from  the  collection  studied  by  Dr. 
Kominger  there  were  described  by  Mr.  Walcott,  Idngulella  macconelli 
Crania  t  columbianaj  Acrotreta  gemma  var.  depressa^  Orthmna  alberta^ 
Platyccras  romingerij  Karlia  stepkeneums^  Bathyurisims  {Kootenia) 
dawsanij  and  the  genus  Ogygopsis  was  proposed  to  include  the  Ogygia 
klotzi  of  Kominger.    Linnarssonia  sagittnlis  was  also  identified.' 

In  1890  Mr.  O.  D.  Walcott  ^  described  three  new  si>ecies  from  the 
Highland  range  section  of  Central  Nevada,  referring  them  to  the  Upper 
Cambrian.  These  8i>ecies  are  Hyolithes  attenuatus,  H,  curra^u«,  and  if. 
(t)  carrugatus. 

INTERIOR  OONTINKNTAL  PROVINCE. 

This  province  includes  the  Upper  Mississippi  area,  the  eastern  border 
or  Adirondack  subprovince,  the  western  border  or  llocky  Mountain 
subprovince,  and  the  Llano  County  area  of  central  Texas  and  the 
Grand  Cuiion  of  Arizona  as  a  minor  Houtluvestern  subprovince. 

IIPI'KU  MlSSlSSirj'I  ARK  A. 

For  convenience  of  reference  the  review  of  the  liteiature  portiuning 
to  Wisconsin,  Minnesota,  and  Iowa  is  assembled  for  e^icli  State.  The 
Ozark  area  of  southeastern  Missouri  is  consi<lered  so])arately,  and  the 
Lake  Superior  sandstones  and  the  controversy  in  rehition  to  them  is 
noticed  under  a  distinct  heading,  after  the  description  of  tlie  recognized 
Upper  Cambrian  rocks  of  Wisconsin,  Iowa,  and  Minnesota,  and  their 
extension  into  Canada.  This  division  also  includes  the  references  to 
the  Cambrian  rocks  of  Michigan. 

WISCONSIN. 

In  1843,  in  notes  on  the  geology  of  the  Western  States,  Dr.  D.  D. 
Owen  called  attention  to  the  presence  of  a  sandstone  on  the  Mississippi 
Kiver,  at  Prairie  du  Chien,  visible  beneath  the  Lower  Maguesian  lime- 

'  Cainbriau  fmisilrt  from  Mount  Stopbt^nH.    Aid.  Jour.  Sci.,  Hd  Rcr.,  vol.  36, 1888,  p.  165. 
'  iJoAcripiidDA  of  nnw  ^euera  aud  Hpt'ciea  of  io^Hils  from  the  Miilillo  Cuiubriun.     U.S.  NAtional 
MuiH-nui,  Proti.,  vol.  11, 1689,  pp.  441-440. 
*  DMcriptlon  of  new  formb  of  Uppor  Caiubriau  foiMtla.    U.  S.  Nat.  "hlLaa.  Proc.,  vol.  13, 1890«  pp.  2fi7-l'ZU. 
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stone  of  tbo  WisconBin  Eivcr.^  Five  years  later,  in  the  report  of  a 
geological  reeonuaissauce  of  the  Chippewa  land  district  of  Wisconsin, 
he  describes  with  considerable  detail  Formation  1,  or  the  lower  sand- 
stone of  the  Upper  Mississippi.  The  formation,  as  a  whole,  is  sabdi- 
vided  into  five  parts.  The  lowest  part  rests  upon  crystalline  and 
metamorphic  rocks,  in  the  eastern  part  of  the  Chippewa  land  district^ 
aH  a  coarse  sandstone  overlaid  by  a  still  coarser  quartzose  sandstone.^ 
At  the  Falls  of  the  St.  Croix  the  schistose,  silico-calcareous  layers  of 
the  second  division  are  highly  fossiliferous.  In  the  third  division  the 
prevailing  genera  are  Liugula  and  Orbicula'  and  it  is  designated  as 
the  ^*  Lingula  sandstone."  In  speaking  of  the  beds  of  sandstone 
beneath  the  fossiliferous  layers  at  Monntain  Island  it  is  stated  that  in 
all  probability  this  is  the  wejstern  equivalent  of  the  Liugula  beds  of  the 
New  York  Potsdam  sandstone.^ 

A  notice  of  the  discovery  of  the  fauna  in  the  lower  sandstone  of  Wis- 
consin was  communicated  by  Dr.  Owen  in  1848  to  the  Geological  So- 
ciety of  France  through  a  letter  to  M.  de  Verneuil.* 

In  a  letter  descriptive  of  the  geology  of  southeastern  Wisconsin  ad- 
dressed to  Mr.  J.  W.  Foster,  Mr.  I.  A.  Lapham  states  that — 

The  Inferior fOT  Potsdam  nandstone/M  fouud  at  JaucBvillu  and  al>ove,  occiipyiDg  the 
bed  of  tlu^  river.  The  grains  are  rounded,  Huiootli,  and  without  apparent  cement; 
the  ro^'k  eiwily  crumbles  upon  ezpo.suro;  color  white  or  red.  The  white  variety 
ini^rht  bo  UHt'd  for  the  manufacture  of  j^latw.  The  diHOovery,  in  1849,  of  tbatsingnlnr 
and  characteriRtio  fossil  deHcribed  by  Mr.  Hall  as  Scolithus  litiearia  (New  York  Pal., 
vol.  1,  p/i)  in  this  rock,  in  Sank  County,  may  be  connidonMl  as  settling  the  question 
of  tho  id<'ntiiy  of  thiH  rock  ^vith  tlie  Pot^lam  HaniUtono  of  the  New  York  reports.  It 
oceupi('8  much  of  the  countieH  Mnrquorto  and  Columbia,  eiitt'rs  Dane  County,  and  id 
seen  in  Mio  biinks  of  Kock  Kivor  fnun  L:iko  Ko.slikouon;:;  to  Jancsville. 

*  •  *  11.  i'alcifcrouH  rock  of  Eaton.  — \ii}M\\\\*  immediately  upon  the  sandstone, 
at  .luncsvillc,  is  a  limestone  ^vith  grains  of  tlio  same  sand  intermixed,  giving  it  the 
form  and  ap]>oaranc<^  of  an  oolite  liinostone  ;  tht^  amount  of  sand  diminishing  afl  3*ou 
rise-  from  tlie  surface  of  the  8an<1st<>ue.  It  .'ie<Mird8  ex.ictly  with  the  description  given 
of  a  por(i<m  of  th<;  eah'iferouH  sandstone  of  N«;w  York,  and  contains  the  same  fucoid 
(Pahrophycun  lulnilari9)j  as  well  as  other  cliaraeterist.ic  fossils.  Its  character  and  rel- 
ative ]>osition  also  clearly  show  that  it  is  the  sumo  roek  that,  farther  west  and  north, 
is  called  the  Lower  Moijncalan  limtstont\  by  J^rs.  Owen  and  Locke.* 

In  the  jsauu*  report,  Mr.  Cluirk's  WhittU'soy  describes  the  sandstone  as 
it  occurs  iu»ar  Wolf  Kiv(»r,  etc.,  stjitiiij^  it  to  be  a  sandstone  easily 
crushed  between  the  lin|:r<*rs,  which  lias  been  so  extensively^  denuded 
that  it  is  only  here  and  there,  that  a  trace  of  its  former  existence  is 


'  On  rill.  jri'oIoiiN  olllu'  Wi'Mtern  Stutex.     Am.  Jour.  Sri,.  v»l.-4.'i.  18i;{.  ]».  104. 

*0\\4»n,  hiixi.l  P.ilf:  ll*^|Mi]|  of  .1  ^'oi»lu:xical  ^l^c■l^^:ii*^s.lIl<■l'  ol'  tin*  ( Mi i])pt> wu  laiid  district  of  Win- 
roiiHin,  »im1  iiirKloiitiillv  i»l  ii  portidii  of  •  ♦  ♦  lowu  :in<I  oT  t)ie  MiiniivMotu  torritory.  Lett4«ruftho 
Si-rri-t:ii->  oC  tlii^  Tr<-tisur\  coiiiniuiiiiMtii);^  a  Tf|Mi]t  ul'  :i  ^i'ol(»;:ii'iil  rn'OiiuaiHAantM)  of  tlK>  Cl)ip}>ewa 
1:111(1  lii^hicr  of  Wix  oiiMin,  t'U;.,  by  1>.  I>.Ow<-ij,  Thirtieth  <^>ii;;i  «■».'«.  lii-Mt  .sesHiou,  Senate  Kx.  l)tH-.  No. 

ri7.  iM^,  p.  i;;. 

♦Op.  ,ii  ,  p.  14. 

*op.  lii.,  p.  ir». 

•  L««tt«M  nil  ixvf'htizy  of  Wisconsin  ToiTitorv.     r.nll  Soo.  i:/'ol.  Vi.ui.f.  2'  nf^r.,  vol.  5, 1848,  pp.  !MM  -296. 

^  Ii:i;#lj.iii),  1.  A.  :  "On  tin.'  Lieolouy  of  tho  .sontli*  a-iii-rn  poiiinu  of  tio;  Stuto  of  WiMCOiiflin,  boin^  the 
pAit  lift  <4iirv>y(Ml  by  Unitt^d  SI;i\<'h  >^i'oAut:.'\»\^.''  lU-Ytt-ou  the  i;t-ulo^3'  uf  lliu  Lake  Saporior  land  dia- 
itkt,  by  Fuotoruud  Whitiu^y,  p.iil  .!,\fe:.\,v-^^'i. 
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left.^    On  the  Upper  Menomonee  Biver  the  sandstone  has  a  thickness 
of  150  feet,  and  the  entire  thickness  is  estimated  at  200  feet ' 

In  giving  an  account  of  his  investigations  in  connection  with  the 
geological  survey  under  the  direction  of  Messrs.  Fo  ster  and  Whitney, 
Prof.  J.  Hall  states : 

I  have  also  Batisfied  mj'self  that  the  nandstones  of  the  Upper  MJBsimippi  are  of  the 
same  age  as  the  Potsdam  sandstonvs,  and  that  the  Lower  Magne8ian  limustone  of  the 
Western  geologists  is  identical  with  the  caloiferous  sandstone  of  New  York,  the  next 
member  of  tiio  series  above  the  Potsdam  samlstone.  The  thin  bed  of  Huudstone  suc- 
ceeding this  rook  can  not  be  identified  iis  the  Potsdatu  sandstone  by  itself,  but  niUHt 
be  regarded  as  a  repetition  of  the  arenaceous  deposits  below,  which  likewise  alter- 
nate with  the  calciferons  sandstone  near  its  base.' 

He  thus  corroborates  the  view  of  Dr.  D.  D.  Owen  that  the  lower  sand- 
stone of  Wisconsin  is  the  equivalent  of  the  New  York  Potsdam. 

In  1851  M.  E.  Desor  called  attention  to  the  presence  at  St.  Croix  of 
a  fossiliferons  sandstone  800  feet  beneath  that  described  by  Professor 
Hally  in  which  he  found  fossils.^ 

In  a  paper  on  the  paleontology  of  the  lowest  sandstone  of  the  north- 
west Dr.  D.  D.  Owen  states  that  he  observed  multitudes  of  Liugulas 
and  Orbiculas  disseminated  in  strata  abutting  against  the  southwest 
side  of  the  trap  range  that  crosses  the  St.  Croix  Kiver  at  the  falls. 
This  was  in  1847.  During  the  remainder  of  this  season  and  in  that  of 
1848  he  found  tiner-graiued  aud  more  laminated  soft  sandstones,  with 
subordinated  silico-calcareous  layers,  charged  with  Obolus,  like  those 
which  characterize  the  lowest  sandstones  of  Russia.  This  was  in  a 
section  on  the  Mississippi,  between  the  Pails  of  St.  Anthony  aud  the 
mouth  of  the  Wisconsin  River.  From  the  results  of  these  observations 
he  finally  developed  beneath  the  Lower  Magnesiau  limestone  at  least 
six  different  trilobite  beds,  separated  by  from  10  to  150  feet  of  intervening 
strata.^ 

In  the  final  report  on  the  geology  of  the  Upper  Mississippi  Valley,  the 
same  writer  describes  the  lower  sandstone  a^s  composed  of  light-colored 
(|uartzose  sandstone  that  forms  tlie  greater  part  of  the  formation,  with 
intercalations  of  magnesiau  linu^stone,  especially  toward  its  upper  part, 
where  it  graduates  into  Formation  No.  2,  and  at  certain  localities  argil- 
laceous, and  other  beds  of  a  mixed  character  form  a  considerable  por- 
tion of  its  lower  mass.^  In  a  table  of  the  elementary  stratification  of 
the  lowest  Protozoic  sandstones  he  places  the  Lake  Superior  ferrugi- 

*  Kemarkfi  uiK>n  the  section  fVom  tho  falls  of  Wolf  RiTer,  throagh  Navarino  to  Lake  Michijcui. 
Kept,  on  the  /geology  of  the  Lake  Superior  land  district,  by  Fo««t4)r  and  Wliitni'.y,  part  2, 1851,  p.  174. 

*  WhittleHey,  Charles :  Tho  dip,  boarinj*,  aud  thickneHs  of  the  Silurian  i^roups.    llept  on  the  K^O£7 
of  tho  T^ake  Sapurior  land  district,  by  Funtor  and  Whitney,  part  2, 1851,  p.  183. 

*  (GeoloKioal  investiKations  on  Driuninond's  Island  and  the  north  shores  of  Lakes  Huron  and  Michi- 
fram,  etc.)    Am.  Acad.  Proo.,  vol.  8, 1851,  p.  254. 

*  I  I*ui-«daiu  sandstfjne  on  the  rlFer  St.  Crulx.  J    Boston  Soo.  Nat  Hist.  Pr(»c.,  vol.  3, 1851,  p.  202. 

*On  (ho  paleontolo^cy of  the  lowest  sandstones  of  the  Northwest.    Am.  Assoc. I'roc,  vol.5,  1861 
pp.  lfi»-172. 

*  Ciool.  Surv.  of  Wisconsin,  Iowa,  and  Kinnesota.,  and  incidentally  of  a  portion  of  Nebraska  Territory, 
PhUadelphia,  1852,  p.  48. 
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110118  and  ar^plhiceous  sandstones,  shalc8,  and  conglomerates  at  the  basOi 
aJSMigniiig  it  a  thickness  of  5,000  feet.  Above  this  occur  coarse  grits  and 
sandstones  of  tiie  Chippewa,  Black  and  Wisconsin  Bivers.'  The  placing 
of  the  lower  sandstone  of  Lake  Superior  in  this  i)Osition  is  theoretical 
Above  the  coarse  sandstone  the  formation  is  divided  into  six  trilobite 
beds,  as  follows :  ^ 


Table  of  the  elementary  stratification  of  the  lowest  Protozoie  Mandstanes. 

Formation  1. 


Sixth  Trilobite  bed...  i 


f 


Fifth  Trilobite  bed.. 


Qiiartzofte,  lip;ht-€olored  sandstonerof  vuioiiB 
donees  of  induration, with  intercalatious  of 
bi^IiH  of  iiia^iieHian  limestonOi  with  elisten- 
ixi^cryHtalline  facets,  and  oaicareo-siliceoas 
oolite,  produced  by  rounded  grains  of  qnarts, 
/.  ^  encased  in  calcareous  cement,  containing 

EuomplialaH  and  imperfect  Trilobitea.    IjO- 

cully  with  a  band  of  green  earth 50  to   85 

Mnniuiillary  and  botryoidal  layer  of  white 
Handstone ;  sometimos    banded    with    3*el- 

low 5to6  inches. 

Thick  be<l8  of  soft,  yellowish  and  brown  sand- 
stone, sometimes  with  botryoidal,  hard,  pro- 

e.  < <     jecting  concretions  passing  downward  into 

I      tine-grained  soft  sandstones   approaching 

L     tripoli 40to  50 

f  Ash-colored  and  yellowish  argillo-calcareoDS 
J  and  magnesio-ealcareous  l^eds,  containing 
\      inkdocvphalus  minnesottHsis. 

i  Stillwater  Trilobite  bed 8to  10 

Green, red, and  yellowish  sandstones  with  thin, 

Hchistose,  doluuiitic  intercalations 40 

IJp]>or,  brown  dolomitic  layers  oontAining 
Ortbis,  Liii;;ulas,  and  columns  of  Crinoidea 

as  Ht  Lii  (iraii^o  Mouiit^iiii 4 

(  AltniKitionH  ofyollow,  Imiiitiated sanflstones, 

<      with  jrri'cu  ])artiolos  diriooniiiiated 5 

(  Mariiu' Mill  Trilobite  ^^rit 5 

Kiicoidul  layers,  and  thin-bedded  green  and 
yellow  MindNti>neH,  ut  their  base  ot'te-n  a 
band  of  about  (>  iiicboH  of  ^reeu  earth  used 

by  the  1 11(11  aim  ius  a  pi  •lenient ,.     30to   40 

Green  and  red  8]indHtone«i,  charged  with  sili- 
cate t»f  iron 5 

LooHe,  ^reen  Hand,  and  soft  green  sand- 
stone   15 

Mieaceons     san(lston<%     containing     THkelO" 

ct'phaluH  nn  HiHkactmiHf  D.  (jranidosa,  etc 3 

)  AlternationH  ol*  ;;reen   au<l  ferruginous  sand- 

■  ^      t>{  ones 20 

Mit'ai'eouM  sandstones  containing   D,  mtmU^ 

ktn  im'tSj  etc - 2 

Til  in  layers  of  j^reen  sand,  alt<;riiating  with 
green  earth,  impregnated   with  silicate  of 

iron 30to  40 

L<»wer,  brown  Hilieeo-rjileareous  and  dolo- 
mitic bands  of  Mountain  Island,  and  else- 

whero —  ...  4 

Soft,  thin-hcdded  sandstones,  with  scAles  of 

mica  dlMseminated 10  to    15 

c Coarse  lingnla  grit,  green,  yellow,  sonietiniee 

almost  white 100  to  130 


Fourth  I'riiobite  bed. 


f 


Third  Trilobite  bed. 


>  Op.  cit.,  p.  53. 


*  Op.  cit.,  pp.  52,  58. 


WAMJOTT.J  WISCONSIN.  175 

Table  of  ike  elemeniarjf  itrattficatian  of  the  Lowest  Protozoic  sandstones j 

etc — Coutiuaed. 

Feet.    . 
Fine  ^t  Place  of  the  Menonionie  Trilobite 
Second  Trilobite  bed..  ^     icrit  (T).   White  and  yellow  Bandstoue,  aud 

Obolos  layers  of  Black  River 15 

Ferraginous  Trilobite  grita.  SchiHtone  Band- 
stone,  coutainiug  fork-tailed  Trilobite  be<lB 

First  Trilobito  bed ^     and  Obol as  layers 1  to     8 

h,  {  I  Magnesio-calcarcouB  rook,  with  Obol  as  and 

fork-tailed  IVilobite 3 

Highly  fossiliferouB  schistosey  siliceo-calcare- 
ous layers,  in terlaiui Dated  with  argillaceouB, 
marl/ beds,  charged  with  sulphate  of  iron; 
the  former  full  of  Lingulas  and  Orbiculas 
(Falls  of  St.  Croix) 50 

ISandstonCj  with  oblii^ne  lines  of  dejiOHition, 
alternating  with  pel>bly  RAndstoni's  and 
coarHC  griUof  tlieChipi>ew»  and  Bluck  and 
Wisconsiu  Rivers  near  the  fullH 50  to  100 

Place  of  the  Lake  8iii)erior  fcriuj^inouH  u*j(l 
argillaceous  sandstones,  shale8,  and  uon- 
glomeratee 5,0(K) 


I 


The  geographic  distribation  of  the  formation  is  shown  on  the  map 
accompanying  the  report. 

The  local  details  of  the  sections  in  Wisconsin  are  rei>ort'ed  apon  by 
Prof.  B.  F.  Shnmard.  Mnch  of  the  information  here  given  was  nsed 
by  Dr.  Uwen  in  giving  the  summary  of  the  divisions  referred  to  Forma- 
tion !No.  1,  or  the  lower  sandstone.^ 

The  sandstones  of  the  south  shore  of  Lake  Sui>erior  are  described  by 
Mr.  J.  O.  Norwood,  and  a  section  given  of  them  as  seen  at  the  mouth  of 
Cranberry  River.  He  also  describes  the  sandstones  of  the  St.  Croix 
River.* 

In  his  annual  report  of  the  geological  survey  of  the  States  of  Wiscon- 
sin Prof.  J.  G.  Percival  describes  the  lower  sandstone  with  consider- 
able detiiil,  but  without  si>ecial  addition  to  the  information  given  by 
Dr.  Owen.  He  separates,  however,  the  quartz  rock  of  the  liaraboo 
and  of  Poi*tland  from  the  Lower  Si&ndstone.^ 

The  volume  of  the  geological  survey  of  Wisconsin,  by  Prof.  .James 
Hall,  contains  a  general  account  of  the  Potsdam  sandstone.  Tlie  open- 
ing [paragraph  describes  it  as  follows: 

The  lowest  rock  of  the  series  is  the  PottMlam  sandHtoiio,  wliicli  in  known  in  i\w.  north- 
west as  the  Lower  sandstone,  in  contradisliuction  tt»  tlic  Up|>er  or  8t.  Tet^r'n  Mind- 
stone,  which  lies  above  the  Lower  Magnesian  liuie-ntone.  This  is  «'(|niva1cnt  to  the 
PotMlam  sandstone  in  New  York,  and  holds  in  all  respects  the  same  goolo^j^iral  position : 
it  is  the  lowest  foseiliferous  ruck  observed  in  the  geological  snrvovN  of  New  York, 
where  it  received  its  name. 

This  rock  has  been  traced,  with  slight  interruplionH,  westward  from  Lake  Cham- 


>  (leol.  Re|K>rtof  local,  detailed  obsoTYatlons  in  the  yalleya  of  the  Minnesota,  M  iHSiHflipiil,  an«l  W^iacon- 
nin  Kivers.  Report  of  a  geological  Burve}'  of  Wiaconain,  Iowa,  aud  Miuiieaola;  and  iucideutally  of 
a  portion  of  Nebraska  Territory.    Phlladelpliia,  1852,  pp.  475-531. 

*Geo1.  Report  of  a  anrvey  of  portionaof  WiAconHin,  and  MinnoRota.  Ret*.  Oeol.  Siirv.  of  WiniMinfiin, 
Iowa,  and  Minnesota;  and  incidentally  of  a  portion  of  Nebraska  Territory.  Pliiludelplila,  1852»pp. 
275-277. 

*  Annual  Report  of  the  Oeologioal  Surrey  of  the  State  of  WiteonaVii.    'I&aiQ&bu^,  Y^M,  v^  VL-YSU 
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plain  through  Canada  to  the  oatlet  of  Lake  Saperior  and  along  the  aonih  ahore  of 
that  lake.* 

This  iM  followed  by  a  general  account  of  the  formation  and  of  the  or- 
ganic remains  found  in  it.' 

In  the  same  volume  Prof.  J.  D.  Whitney  prints  a  brief  rtenm^  of  the 
Potsdam  or  lower  sandstone.' 

In  a  paper  entitled  '<  Preliminary  notice  of  the  faana  of  the  Potsdam 
sandstone,"  Prof.  James  Uall  states  that  in  1850  he  had  the  opportunity 
of  tracing  the  formations  from  Drummond^s  Island  and  St.  Mary's  Kiver 
to  the  head  of  Green  Bay  and  thence  across  the  country  to  the  Missis- 
sippi Kiver.^    He  comes  to  this  conclusion : 

The  i>08ition  of  the  Mmdtstone  on  the  St.  Mary's  admitted  of  no  doubt,  and  its  mla- 
tive  position  to  the  lower  limentone  had  Uefore  that  time  been  well  determined,  and 
the  Hamo  was  likewise  ascertained  by  the  several  exploring  parties  along  different 
lines  between  Lake  Snperior  and  Green  Bay. 

Throughout  Wisconsin  there  is  no  difficulty  in  recognizing  the  following  sequence: 

Trenton  limestone; 

Black  River  or  Buff  limestone; 

Binlseye  limestone; 

St.  Peter's  sandstone ; 

Lower  Magnesiau  limestone,  or  caloiferous  sandstone; 

Potsdam  sandstone. 

The  St.  Peter's  sandstone  holds  the  place  of  the  Chazy  limestone  of  the  mora 
eastern  localities,  and,  with  this  exception,  we  have  the  same  sequence  that  we  find 
in  New  York,  many  of  the  fossils  being  common  to  the  limestone  of  New  York  and 
Wisconsin. 

Dr.  Owen,  in  his  published  report,  has  adopted  this  view  of  the  sequence,  and  the 
oxplorations  of  subsequent  years  have  confirmed  the  opinions  then  entertained;  and 
1  believe  at  this  time  every  g«M)loj;i«t  will  admit  tht*  identity  of  tlu*  Potedam  sand- 
stone of  New  York  and  the  I*(»wi»r  win<lstt>no  of  tlie  Upper  Mississippi  Valley. 

In  speaking  of  this  sandstone  I  shall,  therefore,  without  hesitation, refer  to  it  as 
the  Potsilam  sandstone.* 

A  list  of  fossils  clcacrilHMl  in  tlio  ineinoir  is  fi^iven  to  illustrate  their 
strati^rapliic  position.*'  In  tliis  list  the  fauna  is  divideil  into  that  of 
the  lower  beds,  middle  beds,  and  ni)[)er  beds,  the  latter  characterized 
esi)ecially  by  the  i)resenee  of  the  ^^enus  Dikelocephalus.  In  a  supple- 
nientary  note  on  the  Pots<laiii  sandstone  that  accompanies  the  memoir 
he  fcives  a  r^»sume  of  the  evidence  upon  which  the  lower  sandstoDe  of 
the  Upper  Mississippi  Valley  has  been  placed  in  parallelism  with  the 
sandstone  of  New  York,  known  as  the  Potsdam  sandstone,  as  follows:^ 

In  eonijjarin;;  tlu».  older  rocks  of  N<nv  York  and  of  the  East  generally  with  those  of 
thi^  Wi'st,  it  shiMild  not  bo  forgotti'n   tii.-it  th^ro  is  a  long  interval  on  the  line  of  the 

»  Phy»ical  p'o>;raphy  and  ^ciioral  K«^>lo>;y.    (leol.  Siirv.  WiHconnin,  Bex>ort,  toI.  1, 1882,  p.  li. 

»Op.clt.  ,i)p.U0-23, 

'StniiiuiJipliii'iil  pMilojry.    firol.  Siirv.  Wiw'onsiii,  1U*]k  ,  vol.  1, 18C2,  pp.  140-144. 

*  I^liiniiiury  notin>  nf  tho  faiiua  of  tlie  Putaduiu  HaiidHtorie,  with  remarks  on  the  pr»TfoasIy  known 
HpfH'ios  of  foHMilfl  and  dcHcriptionrt  of  bouw  uew  oik-!i  from  the  aandiitone  of  the  Upper  MlMiMippi  Ysl- 
l«>y.    10th  Aim.  R«p.  K«i:enU  Univ.  JX,  Y.,  SUte  Cab.  Nat.  Hist. ,  1863,  pp.  119, 120. 

»  Op.  I  it,  p.  120. 

•Op.  r it,  p. 209. 

'Op.  cit,  pp.  2U-21I. 
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northern  ooterop  of  these  ancient  strata,  between  the  St.  Lawrence  and  the  western 
limit  of  Michigan  on  the  Henomonee  Biver,  where  we  can  expect  little  aid  from 
paleontology.  Tiie  fossiliferons  beds  of  these  ancient  formations  in  Wisconsin  lie  to 
the  west  of  wliat  appears  to  have  been  a  groat  promontory  at  the  time  of  their 
deiiositiou,  stretching  southward  from  tlie  region  of  Lake  Superior  far  into  the 
ancient  sea.  Tlie  disconnection  caused  by  this  promontory  between  the  Kast  and 
the  West  would  of  itself  prepare  ns  to  expect  a  fauna  differing  in  a  great  degree 
from  beds  of  corresponding  age  on  the  opposite  sides. 

It  has  been  shown,  by  the  investigations  of  the  Canadian  Survey,  that  not  only  the 
Potsdam  sandstone,  but  all  the  foesiliforous  beds  below  the  Birdseyo  and  Black  Kiver 
limestones  are  absent  from  Kingston  on  Lake  Ontario  to  Laclocho  on  Lake  Huron. 
From  Lacloche  to  Lake  Superior  there  is  a  sandstone  coming  in  below  the  Birdaeye 
limestone,  which,  from  its  position,  may  be  coosiderud  of  the  age  of  the  Chazy^  for- 
mation and  equivalent  to  the  St.  Peters  sandstoue  of  Wisconsin  and  Minnesota ;  and 
it  is  this  sandstone,  doubtless,  which  has  been  taken  for  the  Potsdam  sandstone  in 
some  localities  along  that  line. 

The  succeeding  Binlseye  and  Black  River  formation,  from  Laclocho  to  Lake  Su- 
perior, has  become  a  butT-coIorod  magnesianjimestone,  or  wvatheriiig  oxtumally  to 
this  color,  but  still  holding  the  characteristic  fossils. 

In  New  York  a  sandstone  (the  Potsdam)  lies  immediately  beneath  a  magnesian 
limestone  (the  '*  Calciferous  sandrock'^):  this  deposit  is  succeeded  by  a  calcareous 
formation  (the  Chazy),  including  asaudstone  and  surmounted  by  the  Birdaeye,  Black 
Biver,  and  Trenton  limestones. 

In  Wisconsin,  Iowa,  and  Minnesota,  we  have  undoubte'd  Trenton  limestone,  and 
below  it  a  buff-colored  magnesian  limestone  containing  so  many  of  the  characteristic 
fossils  of  the  Birdseye  and  Black  River  limestones  as  to  leave  no  doubt  of  the  paral- 
lelism of  these  beds  with  those  of  New  York.  Below  this  magnesian  limestone  we 
have  the  St.  PetorM  sandstone,  corresponding,  as  already  shown,  with  the  (?hazy  for- 
mation; and  beneath  this  a  magnesian  limestone,  which,  in  its  position  and  litholog- 
ical  character,  corresponds  in  all  respects  with  the  '*  Calci/erous  aandrock^^  of  New 
York. 

It  is  from  all  these  facts  that  the  lower  sandstone  of  the  Upper  Mississippi  Valley 
has  l^een  placed  in  parallelism  with  the  sandstoue  of  New  York  known  as  the  '' Pots- 
dam." 

Notwithstanding,  however,  that  this  set] iience  is  precisely  like  that  observed  in  New 
York,  it  may  not  yet  be  regarded  us  ]>r(ived  that  the  sandstone,  from  which  I  have 
described  these  fossils,  is  in  all  respects  the  eqiiivuliMit  of  the  Potsdam  sandstone  of 
New  York,  Vermont,  and  Canada.  It  may  rt^prom*nt  more,  or  It  may  represent  less 
than  that  formation.  The  lower  accessible  l>e<l8  of  the  Mississippi  Valley  may  repre- 
sent the  Potsitani  of  IfvO  or  *i(KJ  feet  in  thickness  in  the  typical  localities  in  New  York, 
while  the  middle  and  upper  beds  of  the  West  may  be  of  epochs  not  represented  in 
that  part  of  the  series  studied  in  New  York  ;  and  in  some  other  places,  as  in  the  re- 
gions just  mentioned,  the  same  epochs  may  be  represented  by  a  shaly  or  seniicalca- 
reous  deposition,  or  may  be  included  in  the  commencement  of  the  Calciferous  epoch. 
It  should  not  therefore  be  regurtled  as  decided  that  the  Potsdam  sandstone,  as  devel- 
<»pcd  in  New  York,  oecn]>i6s  the  entire  interval  from  the  base  of  the  oldest  siMlimen- 
tary  formation  of  the  Paleozio  era  to  the  Calciferous  sandstone.  From  what  we 
know  of  the  primordial  fauna  in  other  localities,  we  are  prepared  to  find  beds  above 
or  below,  or  both  above  and  below,  the  epoch  represented  (so  far  as  now  known)  by 
the  Potsdam  sandstoue  of  New  York,  and  which  may  still  be  of  the  same  ]>eriod. 


^Thn  "Chazy  fonuation  "  of  the  Cnnndian  <iroli>Ki(*al  i^urvey,  in  itn  onHtern  ImuiIitiaH,  inclndea  a 
sandHtoDH  which  <Mjiiiea  in  1m;1uw  tho  ^i-cat«r  part  of  tho  linirHtonu,  leaTin^  fi'i'ni  lu  tu  L'O  feet  of 
bhale  aad  limeitt^ine  beneath  (Gcolof^y  of  Canmla,  1KS3,  p.  12:0.  It  jh  appar<mtly  this  a.ind8touH  of  the 
Chazy  formation,  having  in  Canada  u  thick ni?t«rt  of  5(1  feet,  which  has  Wciimn  auguiuuted  in  itH  west- 
ern extenHi<in.  whilv  tho  raK-arvuius  part  of  tho  formation  haa  partially  or  entirely  diaav\^8kc«d. 

Bull.  81 12 
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He  then  enters  upon  the  discussion  of  the  relative  age  of  the  sand- 
stones of  Wiseousin  and  those  of  Lake  Superior,  and  concludes  that 
\^iiile  the  ohler  beds  of  the  latter  area  are  appai-eutly  below  the  fossil- 
iferous  beds  of  the  U])per  Mississip]>i  Valley,  the  newer  sandstone  of 
the  St.  Mary's  lliver,  which  is  apparently  of  the  age  of  the  St.  Peter 
sandstone,  or  the  Chazy  formation,  will  be  found  overlying  the  fossil- 
ifeiouM  sandstone,  either  with  or  without  the  intervention  of  the  Lower 
Ma^nesian  limestone.^ 

On  a  geological  map  of  Wisconsin  published  in  1855  Mr.  L  A.  Lapham 
delineates  the  distribution  of  a  sandstone  occurring  beneath  the  Lower 
Magnesian  limestone.  Under  the  same  color  he  includes  the  sandstone 
on  the  south  shore  of  Lake  Superior,  both  on  the  north  and  southeastern 
side  of  the  trap  rocks  of  Keweenaw  Point.  The  distribution  of  the 
fossiliferous  sandstone  south  and  southeast  and  east  of  the  northern 
area  of  the  primitive  rocks  is  also  laid  down.^  In  a  new  geological 
map  of  Wisconsin,  published  in  1809,  only  the  sandstones  of  the  north- 
western i^ortion  of  the  State  are  colored  as  Potsdam  sandstone.  In  the 
vicinity  of  the  shores  of  Lake  Superior  the  Michigan  area  on  the  map  of 
1855  is  left  uncolored. 

A  paper  on  the  age  of  the  qnartzites,  schists,  and  conglomerates  of 
Sauk  County,  Wisconsin,  by  Prof.  E.  D.  Ir>ing,  proves  couclnsively 
that  the  (piartzites  are  of  ])re-Pot«dam  age,  and  that  the  latter  are  de. 
posited  uuconformably  upon  the  flanks  of  the  hill  formed  by  the  qnartz- 
ites.^ The  evidence  given  by  Prof.  Irving  negatives  the  conclusion  ar- 
rived at  by  Dr.  Alexander  Winchell  in  his  description  of  the  fossils  of 
Sauk  (/ounty,  where  he  states  that  Ptycliaspis  and  Dikelocephalns 
occur  at  tlie  base  of  the  Potsdam,  and  that  the  qnartzites  in  question 
are  the  lower  beds  of  the  Potsdam  formation.*  In  the  region  of  soutb- 
contral  Wis^'onsin,  espciiially  in  Dane  and  Columbia  Counties,  Prof. 
Irviiijr  obtained  a  tliickness  ofSOO  fei*t  for  the  lower  or  Potsdam  sand- 
st*)ne,  and  for  the  superjacent  Mendota  limestone  30  feet,  above  which 
occurs  the  .Madison  sandstone,  with  a  thickness  of  35  feet.  He  refers 
only  t  he  lower  av  Potsdam  sandstone  to  the  Primordi.al.* 

The  sketch  on  the  geology  of  northern  Wisconsin  by  Mr.  B.  T.  Sweet 
giv(»s  a  general  descrii)tion  of  the  Potsdam  sandstone,  and  attention  is 
called  to  the  fact  that  all  the  strata  at  the  falls  of  St  Croix  belong  to 
this  sandstone  formation  an<l  that  none  of  them  are  of  igneous  origin, 
as  suggested  by  Dr.  Owen.'' 

'Oj».  (it.,  p.  220. 

'  Lapltani,  1.  A .:  fJtHjIopical  "Map  of  Wlrtfoiiniii.    Milwaukee,  1W6.    AIbo  a  map  for  1869. 

'Oil  tin-  !i;:o  of  111"  <piait/it«'M,  HcliiHts,  ami  <:oii;;lniiu«raW's  of  Sank  Coanty,  Wiseonain.  Am.  Joor. 
Sri  ,  M  MM-..  > ul.  ::.  IM'J.  pp.  »r»-Ii9.     Wimc.  Atail.  Sri.  Tran*...  vol.  1,  le<72,  pp.  129-137. 

*Xotior  oi"  ii  hinall  rolli'i-tion  of  foHflil.-*  fiom  tlii-  rotKdaiii  MindHtone  of  Wisconsin  and  UisLske 
SiilMiJnr  Mamlstnni^  of  Mi(hii;an.     Am.  Jour.  Sri.,  2tl  wr.,  \ol.  117,  1864,  pp.  228-232. 

>Noi(-  f»ii  HoiiK"  iii-'w  points  in  tin*  (>lt>ni«-iitary  .-ttrali ileal  inn  of  the  Primordial  and  Canadian  roeka  of 
KOiitli  ri'iitral  Wi^i'Mii^.n.     Am.  Jour.  Sri.,  ;iil  wr.,  vol.  U,  1^T^»,  pp.  441,  443. 

*Ni.ityi<  uu  the  g('ulo;;y  of  nortlicm  AViscoiisin.    Wise.  Acad.  Sci.  Trsna..  Tol.  8, 1876,  p.  U. 
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A  note  on  the  age  of  the  Crystalline  rockR  of  WiscoDSin  by  Prof.  Trviug 
statestbatthe  ezaotijunotion  between  the  Potsdam  and  the  Hurouiau 
formations  is  often  to  be  Been,  the  almoat  loose  sand  of  the  Pottidaui, 
with  numerous  fossils,  together  with  fragments  derivetl  froui  the 
older  rocks,  lying  npon  and  wedged  in  between  the  tilted  edges  of 
Huronian  quartzite,  schist,  or  oth«r  rook.  Exactly  similar  uticonfurm- 
ability  is  to  be  seen  at  the  Dalles  of  the  St.  Croix  Itiver  hetweeii  the 
Potsdam  and  copper- bearing  st-ries;  tlie  borizoutul  bed»of  the  former, 
filled  with  shells  of  Lingulella,  lying  directly  upon  the  coliimar,  uiela- 
l>hyro(1)  of  the  latter  series,  the  exact  juuctiou  of  the  two  series  being 
exposed.' 

The  description  of  the  geology  of  eastern  Wisconsin  by  Prof,  T.  G. 
Chamberliu  contains  a  detailed  uwouut  of  the  "  Potsdam  sandstone." 
He  says: 

Tb«tit  is  the  esaot  eqiilvtileiit  of  tlie  Potodam  lanilatoue  uf  Niiw  Ynrk,  as  nuulil 
Beom  to  lie  implied  by  tbe  uaiae,  is  nob  absolutely  certaii),  but  an  tbo  U-rm  baa  been 
hwmI  to  designate  tbin  riinuntioD  in  preTiuiis  ri-porbi  npun  tbo  Kt'o]i>gy  uf  tbe  Stute, 
And  M  tbe  weight  of  sviileiice  autl  Biitbority  fBvnra  tbiH  viuw,  Ihu  name  rutiMlBtu 
B«n<]Htune  will  be  used  without  ftirlhui  nualiHuatioa  in  tbin  report.' 

The  sandstone  varies  greatly  in  thickness,  ranging  from  zero  to  aboat 
1,000  feet.  A  detailed  accuniit  of  the  formation  is  given  with  a  list  of 
the  fossils  found  in  the  saiulHtoue.  The  Madieon  sandstone  and  Men- 
dota  limestone  are  included  as  subdivisions  of  the  terrane. 

Reference  to  the  description  of  the  Lower  or  "  PotKdiini "  suudHtone 
Hories  of  central  Wisconoin  by  L'rof.  K.  D.  Irving,^  will  be  made  under 
tbe  description  of  the  Poteilam  terrauo  in  Wisconsin. 

A  general  description  of  the  motleof  occurreut^*  and  character  of  the 
Potsdam  sandstone  in  the  lead  regions  of  northwt»<teru  Wisconsin  was 
published  by  Mr.  Moses  Strorig  in  1877.* 

Upon  the  basis  of  work  in  tit.  Croix,  Dunn,  and  adjaitent  counties, 
Mr.  |j.  C.  Wooster subdivided  the  "Potsdam"  as  follows:* 

Th<^  unmlmra  indicate  the di^tiii icon  li«l»w  tbe  Lower  Mii);ii<''>i'"i  liniPtUini-. 

((I)  Ilpiier  caleareoiiH  baud  ;  Tliiit  varieil  greatly  in  tbickiifw,  iirul  ih  tiio  |iniliabla 
north weatiTii  eqnivaleiit  of  the  Menilota  liaieRtone  near  MiHiiNixi ;  7&  lu  >&  fpi>l,. 

(A)  Iriiwer  cal<;aTBonit  band:  Tlie  limestone  ciiarscters  and  tbe  thivlmow  are  mors 
uiiiroriiil.v  penUtcut  than  in  a;  145  tu  UtTi  fui-t. 

(c)  HiidBim  trilobit«  bedn :  Quite  rioh  in  triicibitea  and  hraebLopodit,  incinditig  one 
new  Bpfcii^B  of  the  former,  witli  Hevnral  undetErniined  onrs;  ir><l  to  20(1  fiH.t. 

(d)  01anconit«  laj-eni:  These  Gomprim  those  layerit  which  are  very  riub  in  );Iaiicu- 
nit«.     Crinoid  stemii  were  found  in  these  at  IIud»uii;  lliO  to  211)  fi<et. 

Ill  (i,  0,  and  d,  the  laater  dintanue  froio  tbu  Lower  Majfnesiaii  is  true  for  n-eHtvrn  St. 
C'niiz  County,  wbile  the  grvater  Is  nearer  true  for  poiiita  eiut. 

>Nnta  on  tha  afptor  the  UrjulnUlna  rocki  of  Wlnamaln.    Am,  Joor.  Scl.,  Uwr.,  tl>1.  13,  IBTT,  p. 
30§. 
'<a«i>l<>jcj  of  eMtarn  WlMoniifii.)    I:<-aI.  WIm..  Siirr.  o[  lUTi-ll,  toI.  2.  I»TT,  p.  £S7. 
'(GMlojtyiifmilnl  WiHSKKin.)    GitjJ.  Wiir...  Surr.  uflSTU-'T?,  Ti.1.  2.  ISTl.pp.  i2&-«in. 
•lirol.  Wise.  Karr.Dt  Iil73-'TT,  toI.  3.  IgiJ.  pp.  BSS-OiUI. 
•  Work  in  St.  Croli,  DuBn,  aod  KUaoant  uunntiw.    GbvL  Surv.  WliKOluiii,  Aaa.  ICep.  for  IBTT,  ISIS 
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(*•)  Kuii  Claire  trilobite  beds:  These  hold  at  least  seven  Rpecies  of  trilobites,  of 
which  three  are  new,  and  a  few  brai^hiopcxlti.  Thcue  beds  uiark  the  lower  limit  of 
calcaivoiiH  matter  in  the  fomiatiou;  4riO  feet. 

(/)  Han  Claire  grit:  These  layers  mark  tlie  npper  limit  of  the  coame  aandiitoned, 
alnitmt  conglomerates ;  6H0  feet. 

Tlie  mode  of  occurrence  and  character  of  the  ^'  Pot«dain''  sandstone 
in  the  upper  8t.  Groix  district  is  describe^l  in  great  detail  by  Mr.  Moses 
Stroii^.^  In  this  he  shows  the  nnconfonnity  between  the  <^ Potsdam" 
and  the  subjacent  strata  referred  to  the  Keweenawan  (Keweenaw) 
series,  and  describes  the  various  sections  of  the  sandstone  ex^iosed. 
The  knowledge  of  the  local  details  of  the  distribution  and  character  of 
the  ^^PutKchini"  sandstone  of  the  Mississippi  region  north  of  the  Wis- 
cousin  Uiver  Wiis  increased  by  him  in  188:2  by  the  publication  of  many 
sections  and  descriptive  details  that  will  be  used  in  a  summary  of  our 
knowledge  of  the  Cambrian  i^ocks  of  that  region.' 

The  ^'  Potsdam"  terranc  of  the  h>wer  St.  Croix  district  wasdescribed 
by  Mr.  L.  C.  Wooster  in  the  same  volume  with  the  report  of  Mr.  Strong. 
This  report  also  contains  considerable  data  that  will  be  referred  to  iu 
the  descri])tion  of  the  Cambrian  rocks  of  the  region.^ 

The  geographic  distribution  of  the  '^  Potsdam"  t^andstone  and  its  re- 
lation to  the  subjacent  pre-Canibrian  rocks  and  the  superjacent  mague- 
sian  limestone  is  shown  with  great  accuiracy  upon  the  geuei'al  geologi- 
cal map  of  Wisconsin,  published  in  1881,  and  iu  the  two  sections  at  the 
bottom  of  the  sheet. 

A  note  by  A.  A.  Young  on  the  crystallized  sands  of  the  "  Potsdam" 
sandstone  of  Wisconsin  describes  the  manner  in  which  the  original 
grains  of  the  sandstone  are  siiiTounded  by  crystalline  envelopes  of 
(pinrtz.* 

The  snmmarj'  of  the  geology  of  Wisconsin  by  Prof.  T,  C.  Ohamber- 
lin  contains  a  deseriplicm  of  the  roctks  of  tiie  "  Potsdam  " i)erio<l.  These 
inchule,  tlie  **  i^otsdam  "  epoch,  the  liower  jMagnesiau  epoch ,  aud  the 
St.  Peters  e|MM'h,  in  part.  A  general  description  of  the  foruiatious,  ac- 
(Mmipanicil  by  an  account  of  tiie  life  *)f  each  e))och,  is  followed  by  some 
general  observations  u[K>n  the  (/ambrian  age, to  which  the  formatiout» 
are  referred.* 

The  o<'.enrrence  of  a  conglomerate  formed  of  bowlders  from  the  trap 
of  the  eo))per-beariiig  scries  in  a  matrix  of  sandstone  that  contains  frag- 
ments of  Jiingnloiil  shells,  apparently  Ijinffulrph  innnafonnis^  is  noted 
by  Mr.  L.  C.  Wodster  at  a  locality  on  the  St.  Croix  Kiver.  From  the 
mode  of  occurrence  of  the  eongh)inerate  he  C4)ncludes  that  it  must  have 


'Im-o1»i;>  of  Mm  iipiKT  St.  Cn.iix  ilistnct.  (i('ol«»u>  uf  WiscuuHin,  auivoy  of  1873-1879, 1880,  toLS.  p|k 
'lOU-IL'.S. 

'I'mmiIo^v  iff  Ihi'  ^fi.■^sis•»ill|»i  rouiiui  north  of  tliH  WiHcoiisiii  llivor.]  Geol.  WUconain,  aurveyof 
1S7.J  7'J.  vol.  4. 1X82.  pp.  :wi-91. 

"^  |iK-olf»u>  of  th^  low«r  St,  C'liiix  «nNlnit.I    >ho1.  Wisronsin.  Miirvey  of  1873-79,  voL4. 1882,  p|>.  101- 

i;m. 

*  KiiirliorolMi-rvatioiiH  mi  thi-rrvstalli/.tMl  .HUiulBnf  tlio  rutMiluiii  rtiimUtoue  of  Wiaconain.  Am.  Jour 
i^i'i.,  :u\  .H»T  .  vol.  L'4.  \^i<'l,  lip.  47  4'J 

* Geiieial  Gcuiuj;>.    Gool. \Vit)\:\>U:iVU,  )&uv\vt^'  ut  \%~'^ -I'J, vuL  1, 188U, pp.  119-200. 
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accamulated  along  a  eljff  of  tlie  copper-bearing  rooks  and  that  llie  age 
of  the  ooDglomerate  must  be  late  "  PotBdam."' 

In  an  extended  paper  on  the  clasHiBcation  of  early  Cambrian  and 
pre-Oambrian  fbrmationB  Prof.  B.  D.  Irving  illoBtrates  the  oncoufbrniity 
between  the  "  Potfldam  "  sandstODe  and  the  enbjacent  Haronian  and 
Keweenawan  rocke.  Ue  also  disonsses  the  similar  Htratigraphic  rela- 
tions of  the  iJambrian  and  pre-Oambrian  rooks  of  the  Gtaud  Gafiou 
Begion.* 

MINNESOTA. 

The  preaence  of  the  lower  saiidstoDe  along  the  Mississippi  River 
below  the  Falls  of  St.  Anthony  to  the  Iowa  line  was  prove<l  by  the 
survey  of  Dr.  D.  D.  Owen  io  Wiscoiisin,  Iowa,  and  Minnesota.  Alter- 
nating exposures  of  the  Htrata  occur  along  tlie  river  and  some  of  the 
tribatarieH  flowing  into  it  from  the  west.^  On  the  Hcoumpiinying  mup 
there  is  also  a  narrow  area  colored  Potsdam  along  the  valley  of  the 
Minnesota  or  St.  Peter's  River. 

Little  additional  information  in  regard  to  Minnesota  was  published 
nntil  Prof.  N.  H.  VVinehell,  iu  the  Itrst  annual  report  of  the  genlogioal 
narvey  of  Minnesota,  discnsst^l,  under  the  title  of  "  I'otsdain  Saudstone," 
the  Sioux  quartzitc  of  iiurthwesterii  Minnesota,  and  "  The  St.  Uroix 
Sandstone,"  the  fossiliferouH  nandstoiie  of  the  soutlicitsturn  portion  of 
the  State,  referred  to  the  Potadaui  by  l>r.  Owen.*  Of  the  term  "  Pots- 
dam," he  says: 

This  teriD  ia  Rtrictly  applicnbla  only  to  the  nanilstoneit  ol  New  York  Stnte,  to  wliicfa 
the  uame  woa  butt  KtveD,  anit  to  tbo  oqiiivnli'Titn  ot  t.boHo  stnitii  in  their  cxtrnNiou 
throtiKh  tho  Went.  It  bus  boou  abtitiitmitl.v  ]iriiVGil  tbnt  tbu  it'il  MaiulHtomvi  uf  I,iike 
Superior,  bowevur  diitiirbtxl  and  cbsiiKml  liH:ally,  or  liowever  luncb  iiicirciiHed  in 
tbickncm  by  th«  ngoncy  of  volcftiiio  oiitlinratH,  nm  thti  i-xaat  ei|niviili-titH  of  ilic  New 
Yoik  I'olmtatn.  Tliny  occupy  the  llrnt  piMitiiiii  over  the  uuitnmorpbii'.  HiuteH  or  the  Hh- 
Tonmii  rockH  on  wbich  lli«y  lio  iii]  con  form  ably,  jiiiil  from  wbii-li  tlicy  dill'er  in  lii'iiig 
bnt  Hliiciitly  and  only  luimlly  iiietnniiivph  iiKnl.  I'liey  rtttniii  iiHiiiilly  llii'ir  i>viilt}iitly 
MHlliiientary  uhiiritntfln,  uuil  bavn  tint  wi-11  iiri'HerviMl  fufuii  ri-iniiiiiH.'' 

He  Htiites  further  that  in  Wisttoii.tin  the  upper  Handflton»»  arn  found 
to  lie  nneonformahly  upon  the  red  snndstones  where  they  liave  been 
tiltfHl  by  volcanic  agency,  thus  referring  the  i]uart/.ite  of  Sauk  County 
to  the  Potsdam,  and  the  superjacent  fossilircrous,  (r[»|M>r  Cambrian 
sandstones  that  have  been  correlated  by  authors  witti  the  Pott<dam  of 
New  York,  to  his  St.  Oroix  aandstonc.  The  ivd  sandstone  or  Sioux 
<inarty,ite  in  said  to  be  both  older  than  and  unconformable  with  the 

'TrIuiKltliinfrDn  tliHcopiMrlHsrluKMrlvBlo  Uia  Piitmliiu.    Am.  Ji>ut.ScI.,3<I  Mir„  voL  2T,  IXM.  PP- 

■OullieclaiuilBiiatlnnnfthi<nrlyUAiubrlumlpr«.Ciiiibrinuroriiiutioiiii.  n..S.(I«>1.Surr.,Tlli  Add 
K^p.  liir  l«85-'«l,  IHSlI,  p|i.  3K-AM. 

'liroI.Snrr.or  Win.,  t»w>.iiadUliin..  Mid  incldvntslly  or  k  portion  ufNrlirutia  Terrilory,  Pliila- 
d<lph1&,lN.'Q,pp.4fi,49. 

•  Uvntnl  xkntrh  of  Uif  lE^i'lney  oC  Uinnujwt*.  Qaol.  uid  NmL  HuU  Siuiray  HiuniMaU,  lit  Aon.  Hup. 
for  IKT2''T3.  Ill  »iL,pp.(»-«D. 
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liglit-colored  sandstones  that  occapy  a  conspicnons  place  in  the  blafifo 

of  the  Upper  Mississippi,  below  the  Lower  Magnesian  limestone.    Of 

the  Sioux  quartzite  he  says  that — 

ItH  fcatiireB  here  are  eaaily  identifiable  with  those  of  the  Potadam  at  the  rapida  In  ' 
the  St.  Mary's  Hiver,  at  Sanlt  Ste.  Marie,  Michigan.    In  their  passage  to  the  west^  the 
oyer-1yiTi|r,  li^I it-colored  Handstones  seeni  to  become  more  largely  developed.    They 
acqairo  a  thicIciioisH,  including  the  intercalated  beds  of  shale,  of  about  600  ibetin  their 
expoHiire^  along  the  Misflisaippi  River.  > 

Of  the  fossils  collected  from  the  horizontal  beds  at  the  Falls  of  the  St 
Croix  it  is  said  they  : 

Were  dencribcd  as  coming  from  the  Potsdam  aandaionef  and  were  supposed  to  belong 
to  a  hori/ou  umch  lower  than  that  of  the  Lingula  Beds  of  the  Potgdam  of  Kew 
York.  The  nanio  has  been  still  further  removtMl  from  its  original  use  by  the  Iowa 
geologistM,  in  Its  aj)pJication  only  to  these  tipper  beds,  and  in  giving  the  name  SioMx 
quartzite  to  the  western  representative  of  the  original  Potsdam.  Dr.  Owen,  althongh 
lie  rifcognizL'd  many  points  of  diiVerence  between  the  Lake  Superior  and  New 
Y<>rk  Potsdam,  and  those  light-colored  sandstones  of  the  St.  Croix  and  Upper  Missis- 
hippi,  HccniH  not  to  have  noted  the  important  fnvX  that  the  former  are  everywhere  sub- 
ject to  diHturtions  and  fra<;tiires  by  volcanic  forces,  while  the  latter  are  never  known 
to  bv  disturbed  by  such  (.'auses.  It  is  true  that  he  embraces  both  the  red  and  the 
li^ht-rolored  sandstuuos  in  the  designation  of  **  Potsdam,  "  and  argues  at  length  to 
])rovc.  Wxet  great  age  of  the  red.  (Geological  Survey  of  Wisoonsin,  Iowa  and  Minne- 
sota, ]).  \f<7.) 

It  is  in  accord  with  geological  prect^dent,  therefore,  to  separate  these  two  sandstone 
formations  undiir  ditterout  names,  retaining  the  name  of  Pol^dam  for  the  older,  and 
gi  vin<{  proviHionally  tlit^  name  of  the  St.  Croix  Kiver,  on  which  they  are  best  exposed, 
1o  tlio  latter. 

1'lm  following  reasoiiH  may  be  assigned: 

( I )  Th«  lUffniUim  beds  w«to  laid  down  before  tho  cIohc  of  the  volcanic  disturbance  no 
evidijnl  in  the  lor.ks  of  the  (^'irl}'  Silurian  and  pn)-Silnrian  ages;  the  Hit.  Crotjr  btnl* 
were  dcpositiMl  and  Htill  lio  in  liori/untal  layers,  nuconformably  not  only  over thf 
LiUireiitian  and  hitu.st  trap]uiuii  rock.s  of  the  northwest, but  also  on  tho  nptnmed 
ImmIs  of  the  Totsjlani.'' 

(•J)  Tills  rejisoii  has  little  bearing  and  will  not  be  quoted. 

(:>)  'JMio  htho1o;;ic.iil  charaetors  of  the  Potmiam  hed.s  are  uniformly  different  froiu 
thos«"  of  the  1^7.  (.'/■(>»>  bedn.  The  tornier  arc  hard  and  oftim  vitreous,  usually  of  a 
brirk-re<l  «'olor.  Thrirbeddin*;  is  ver^  distinct. niid  often  separated  iut<islaty  layers 
by  p;iitin«;H  of  rrd  slialo.  They  an^  stron^jly  marked  by  the  so-called  fncoidal  im- 
])ressionM.  Tln-y  an<  frequently  ripjile-ni.irkeil  and  sun-cracked.  The  latter  are 
wIiitMor  ljufr-('t>loreil,  often  friable,  and  <'onstitnt4)  a  heavy  bedded  or  massive  sand- 
Hton(\  of  Iiandsomely  rounded  qnart/oHc  grains. 

(4)  Tills  notes  ditliMvnces  in  (dienii<*al  composition. 

(r»)  -The  Pnfsilam  Htindftttyne  has  a  thickness  of  at  leaMi  4()0  feet;  (Nolo — D.  Owen 
maKes  iln*  tIii«-kr»e.sM  of  tho  ]*ot.sdam  (red  sandstones  of  Lake  Superior)  over  5,000  fe«t. 
Set'  ()\v«'n'.s  rep«»rt  on  WiscoiiHiii,  Towa,  and  MinneHOta,  p.  193);  the.1?(.  Croix  sandstone 
also  has  a  thickness  of  ov«'r  fwH)  feet.  Ii  is  more  in  keeping  with  the  canons  of  geo- 
logical  nomenclature  to  give  Nt*parate  titling  to  formations  so  well  defined  and  so  largely 
developed. 

(7)  Tills  cfives  the  evidiMice  of  paleontolojj^ic  diflerences.  He  states 
that  the  fossils  of  the  Potsdam  sandstone  of  New  York  are  Lingula 

'  op.  cil.,  p.  C8.  *Ov.c\l.,  vv-^^*"^*  ■&Lli  (locsnotoociiriiiUMoriginsL 
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antiqwi  (Oon.)  and  Lingula  prima  (Coo.),  a  Discina  (or  Orbicnla),  and 
uncertain  im{)re88ion8  Buppoaed  to  be  of  a  Plenrotomaria  and  of  crin- 
oidal  remains.  A  species  of  Theca  has  also  been  described  from  Keese- 
ville.  In  comparison  to  this  he  cites  a  large  nnmber  of  species  de- 
scribed by  Owen  and  Hall  from  Wisconsin.* 

(8)  In  this  it  is  shown  that  the  nnmber  of  species  of  the  Lake  Snperior 
district  and  from  the  New  York  district,  in  the  sandstone  referred  by 
him  to  the  Potsdam  sandstone,  are  the  same,  namely  three. 

Notwithstanding  these  considerations,  it  has  not  been  thought  best  to  attempt  the 
delineation  of  the  areas  of  these  sandstones  separately  on  the  preliminary  geological 
map  accompanying  this  report.* 

A  detailed  description  of  the  lithological  characters  of  the  St.  Oroix 
and  Potsdam  sandstone  is  also  given.' 

The  preceding  observations  by  Prof.  Winchell  have  been  qnoted  in 
detail  as  they  are  the  foundation  for  the  theoretical  views  subsequently 
advanced  by  him  correlating  the  Potsdam  sandstone  of  New  York  with 
varions  other  sandstones  of  pre-Siluriau  age. 

On  the  map  accompanying  the  report  (opi>osite  p.  45)  the  Sioux  quartz- 
ite  area  of  northwestern  Minnesota  is  colored  the  same  as  the  St.  Croix 
Bandstone  of  the  southeastern  portion  of  the  State.  In  the  legend  the 
color  is  placed  nuder  the  headiug  of  Potsdam  and  St.  Croix. 

In  the  fourth  anuual  rei^ort  Prof.  Wingbell  describes  the  St.  Croix  sand- 
stone as  it  occurs  in  Fillmore  County  aud  illustrates  the  geographic 
distribution  on  an  accompanying  map/  In  some  notes  on  a  deep 
well  drilled  at  Minneaix>li8,  Minnesota,  the  same  writer  states  that  Nos. 
11,  12,  and  13  rei)resent  the  St.  Croix  sandstone  with  a  total  thickness 
of  217  feet.  Beneath  this  there  is  a  red  marl  and  red  sandstone  which  he 
refers  to  the  same  horizon  as  the  catlinite  beds  of  the  Sioux  iiuartzite 
series.  Of  No.  14  it  is  said:  "No.  14  may  represent  the  Lingula flags 
or  the  upper  portion  of  the  Potsdam,  so  called.''  No.  15  is  correlated 
as  undoubtedly  the  upper  ])ortion  of  the  great  series  of  marls  aud  sands 
which  characterize  this  horizon  in  Minnesota.  "  it  is  the  same  forma- 
tion as  the  rock  that  embraces  the  well  known  'pipestone'  or  catlinite 
of  Minnesota."* 

The  Sioux  quartzite  is  referred  by  Prof.  Winchell  to  the  Potsdam 
sandstone  in  a  description  of  the  geology  of  rocks  in  Pipestone  County 
in  thesixth  annual  reiKirt.  '  It  includes  the  famous  [lipestone  quarry  near 
the  center  of  Pipestone  County.® 

A  more  extended  account  of  the  strata  referred  to  the  "  Potsdam  ^ 
sandstone  is  published  by  Prof.  Winchell  in  the  tenth  annual  report 


1  op.  clt.,  p.  71.  'Op.  cit„  p.  73.  *  Up.  cit.,  pp.  76-80. 

*  Report  on  the  Keolugy  of  Fillmorv  County.    Oeol.  and  Nat  Hint.  Surv.,  MiuuoHota;  4th  Ann.  Rep. 
for  1875, 1876,  pp.  31-32. 

*  Notes  on  the  deep  wt«ll  drilK'd  at  East  Hinnrapolia,  Minnosota,  in  1874-75.    Minn.  Acad.  ScL, 
Bull.,  vol.  1, 1876,  pp.  188-189. 

"  The  fseology  of  Rook  aud  Pipeatoue  Coontiett.    Geol.  and  Nat.  Uiat  Survey,  Minnesota,  Cth  Ann. 
Sep.,  for  ni77, 1878,  p.  97. 
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of  the  survey.  In  this  he  affirms  that  the  horizontal  fossiliferous  beds 
referreiL  to  the  Potmlani  by  Dr.  Owen,  Prof.  Hall,  and  other  authors  is 
above  the  true  Potsdani  of  New  York,  and  that  the  latter  is  represented 
by  the  rocks  of  the  copper-bearing  series  in  the  west ;  also,  that  no  fos- 
sils representing;;  the  Primordial  fauna  have  yet  been  discovered  in  the 
west  nor  have  any  been  found  in  the  western  representative  of  the  Pots- 
dam ;  and  finally,  that  the  second  fauna  of  Barrande  is  found  in  the 
Quebec  ^oup  of  Canada  and  in  the  St.  Croix  sandstone  of  the  west, 
lying  in  each  case  above  the  Potsdam  sandstone.^ 

An  article  by  Dr.  J.  II.  Kloos,  translated  by  Prof.  Winchell,  describes 
the  rocks  of  the  Falls  of  St.  Anthony  and  the  St  Croix  Biver,and  gives 
a  desci  iption  and  a  diagrammatic  section  of  the  river  bank  at  Tayior*8 
Falls,  illustrating  an  unconformity  between  the  Potsdam  sandstone  and 
the  subjacent  co])}>er- bearing  rocks.* 

In  an  account  of  the  geology  of  a  deep  well  drilled  at  Minneapolis 
Prof.  Wiuchell  states  that  the  drill  passed  through  sandstone  in  the 
lower  portion  of  the  well  as  indicated  in  the  following  section :' 

Feet. 

1.  Drift 10 

2.  Trenton  linu'Rtonn 24 

'A.  Llf^ht,  criuiililiii^  Hnn«lHtono  (St.  IVtorf) 125 

4.  nr<»wn-rnd  pipoHtoiie  clay 2 

r>.  Potmlam  Hand ...^ •• 42 

6.  Rwl  qnartziti\  T*ot«ilam :..  102 

7.  Light- colored  PotBdain  sand  andcdialoa 722 

8.  Rod  Potmlaiu  uandHtoDu  and  slialea  at  least 347 

1,374 

Particular  attention  is  callod  to  tlie  brown-red  pipestone  clay  of  the 
st'ctioij,  which  is  the  equivalent  of  No.  12  of  that  section  on  page  iJl-. 
>I().  (i  of  the  se(*ti*ni  (piotod  is  coiiipanKl  to  a  layer  of  red  quartzite,  seen 
at  New  Ulm,  Minnesota,  and  at  Haraboo,  Wisconsin.  Ooinnienting 
n]M>ii  this  lie  says: 

TliuN  we  find  an  interlxMldt'd  n>d  <|u:irt/it<^  in  tin*  ]*otsdam  formation  Aimilar  U) 
those  Mt'fui  in  th('!<ani<'  ioriiiatinii  in  tlio  Hlai'k  Hills  and  in  sevoral  otlicr  places ia 
llic  hNxky  Mountain  iri;inn.* 

Attention  is  called  to  this  statement  as  it  is  a  correlation  of  a  qnart//- 
ite  of  t\w  Upper  Cambrian  rocks  of  the  Black  IJills  with  a  bed  of 
quartzite  in  the  Sioux  (piartzite  series  of  Minnesota  and  the  Baraboo 
quaitzite  series  of  AViseonsiu. 

In  a  tabulation  of  tli<i  strata  beneath  the  lower  fossiliferous  sand- 

'TIio  rutMilaiii  SitndiiUme.    Cirol.  Mini  Nait.  llirit.  Survey  Miniii>Hi>tsi,  lotli  Ann.  Kcp.  for  1881, 1882, 

p.  i:jo. 

*(ieolo<;i<-u]  iiotoH  oil  Minn«»Hut:i.  (Tnnislalt'il  h.v  N.  H.  Winrliell.)  CSeol.  and  Nat.  Hint,  Snrrey 
MiiiiKHoM,  loih  Ann.  Hop.  lor  1j<hI,1882.  up.  IHi  'JUO. 

^Tln«  m-olovrv  of  t}n'  «l«'»'p  wt«ll  ilrilNil  by  (!.  T.  Wlu'lploy  ;it  Minn«.'ap«liH,  at  the  **C"  Waiihburn  Mill. 
Coiil.  ami  N:it.  Hi.st.Snrvi'y  Minii.Nota.  lOlli  Ann.  K«'p.  for  1881, 18H2,  p.  217. 

*Oi>.  dt.,  p.  214. 
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stone  or  St  Oioiz  sandstone,  Profl  N.  H.  Wiuchell  defines  the  Pots- 
dam formation  as  follows :  ^ 

PtfMmn  formaUoH, — ^Tilted  red  aandstones,  shales  and  oonglomerates,  changed  by 
ignuoas  gabbros  and  dolerites  locally  to  red  quartzites,  felsites,  qnartz-porphyries 
ind  to  red  granite.  «Th6  Keweenian  and  Hnronian  in  part^  in  Wisconsin. 

9 

He  places  the  Taconic  groap  second  and  defines  it  as  follows : 

Taeonie  ginmp, — Horizontal  black  slates  and  gray  qnartzites,  with  interbedded 
limestones  and  diorites  (the  Animikie  group),  changed  to  tiltod  slates,  quartzitea, 
iron  ores,  and  silicions  marble.  The  Gnu  Hint  beds,  the  Mesabi  iron  rocks,  the 
Ogishke  l^ancie  conglomerate  (T),  the  Thomson  slateH  and  qnartzites,  the  Vermilion 
Iron  rocks;  the  Hnronian  in  part,  in  Wisconsin  and  Michigan. 

A  description  of  the  Sioux  qiiartzite  as  it  occara  at  New  Ulm  is 
given  by  ProfL  Winchell  in  the  second  annual  report'  In  the  first  vol- 
nme  of  the  final  report  of  the  Minnesota  survey  he  desoriben  the  St. 
Oroix  sandstone  as  it  occurs  in  Houston, Winona,  and  Fillmore Coniitic8.^ 
The  entire  thickness  of  the  foiniation  in  Winona  varies  from  488  to  55S 
feet^  Under  the  title  of  Potsdam  quartzitc  a  descriiitiou  is  given  iu 
this  volume  by  Messrs.  Winchell  and  Upham  of  the  prc-Oambrian 
quartzite  of  northwestern  Minnesota.^ 

From  the  Sioux  quartzito  seriea  at  Pipestone,  Minnesota,  Prof. 
Wiuchell  described,  in  1885,  Lingula  calumet  and  Paradoxiden  barberij 
referring  them  to  the  equivalent  of  the  Potsdam  sandstone  of  Kew 
York.« 

In  a  note  on  the  revision  of  the  stratigraphy  of  the  Cambrian  in 
Minnesota,  Prof.  Wiuchell  includes  under  the  St.  Croix  torrano,  Jordan 
sandstone,  St.  Lawrence  limestone,  shales,  and  DrcHbach  sandrock.' 
It  is  interesting  to  note  that  aftor  the  upi>er  nuMuber  of  the  8t.  Croix, 
the  Jordan  sandstone,  we  find  "  Potsdam  "(?);  also  after  the  Dresbac'li 
sandstone  at  the  base  and  (Potsdam)  alter  tbrmatious  placed  as  pre- 
St.  Croix. 

The  geologi(*.al  age  of  the  Sioux  quartzitc  of  the  pipestone  (luarries 
in  Dakota  and  Minnesota  is  discussed  by  Prof.  K.  I).  Irving,"  wlio  con- 
cludes that  their  tilted  position,  great  thickness,  and  litliologicift  con- 
trast with  the  Potsdam  sandstone  '^  make  it  evident  tliat  they  are  not 
merely  a  downward  continuation  of  that  formation,  l>ut,  on  the  con- 
trary, form  a  great  unconformably  underlying  series." 

'  Notefl  on  thn  Bf;n  of  the  rookK  of  th»  Menabi  and  Vennilion  iron  dUtticU.  (ieol.  And  NaU  Hint., 
Kui-vey  Minnesota,  11th  Ann.Kcp.  for  IKKI,  1804,  p.  170. 

«Thi*  fseology  of  the  Miuni*suta  Valley.  Guol.  and  Nat.  IIi8t  Surv.,  Minn.  2d  Ann.  \Uip.  forI87:t,  1874, 
p.  157. 

s  The  Geolofcy  of  Minnesota.     VoL  1,  of  the  Final  lU^pttrt,  1884,  pp.  22^227. 257-2:». 

«Op.cit.,p.258. 

•  Op.  cit  pp.  422-424,  40»-503. 

*  FoHsils  from  the  rfd  qiiartzite  at  PipLMttone.  (leoL  and  Nat.  Hint.  Surv.  Minnesota,  13th  Ann.  Kep. 
[or  1884. 18Kr>,  pp.  G5-72. 

'  KoviHiou  of  the  iitraticn'<^pby  o'  ^^^  Cambrian  in  Minnesota.  (}eid.  and  Nat  Hist.  Snrvoy  Minne> 
lotA,  14(h  Ann.  Rep.  for  1886, 1880,  p.  337 

"  1*r«*liroiiiary  pap^r  on  an  Investigation  of  the  Arclifan  formations  of  tlie  Northwestern  Statea.  V, 
3.  GeoL  Surv.  Gth  Ann.  Rop. ,  1883-84, 1885,  pp.  201, 202. 
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Mr.  Warren  CTpham  in  notes  ou  the  geology  of  Minnehaha  County, 
Dakota,'  refers  to  the  rocks  in  rarions  portions  of  Minn  ebaha  Connt.v 
as  <*  Typical  Potsdam  quartzite^^  but  be  mentions  no  reasons  for  conclod- 
ing  it  to  1m3  of  this  age.    Xo  fossils  were  found  in  it. 

In  the  second  volume  of  the  (T(M>logy  of  Minnesota  Prof.  N.  H.  Win- 
chell  stiitcs  that  the  St.  Croix  formation  in  Wabasha  Conntj  is  aboot 
250  or  300  feet  in  thickness ;  and  it  is  not  known  to  vary  particnlariy 
in  its  stratigraphio  composition  from  that  of  Winona  Co  nnty.'  In  the 
a4:count  of  the  geology  of  Goodhue  County  he  describes  the  formation 
and  a<*x*x)mpani(M3  it  with  a  list  of  the  tbssils  fonnd  in  the  St.  Croix 
formation  in  the  Upper  Mississippi  Valley.' 

In  the  same  volume  Mr.  Warren  Cpham  describes  the  St.  Croix  sand- 
stone as  it  occurs  in  Chisago  County ,in  the  valley  of  the  St.  Croix  River/ 
He  also  describes  the  formation  as  it  occurs  in  Pine  County,  along  the 
upper  portion  of  the  St.  Croix  River.* 

Ill  an  article  on  the  age  of  the  St.  Croix  sandstone.  Prof.  N.  H. 
Winchell  discussi^s  its  relations  to  the  typical  Potsdam  of  New  York 
and  ciiricludes  it  is  a  distinct  formation.^  In  an  account  of  a  deep  well 
drilled  at  Stillwater,  Minnesota,  it  is  stated  by  Mr.  A.  D.  Meads  that— 

TlKt  well  Nt.'irtH  at  about  74Ufcet  above  the  sea,  and  after  passing  throagb  701  feet 
of  drift,  wliitf  friable  (iaiiflHtoiie,  an<l  ^reeii  Hliales  belonging  to  the  8t.  Croix  ftDil  vsf 
ralb'd  PoiHilain  oC  thi*  Northwest,  ont«^rN  a  Herie.H  of  dark  red  and  brown  shalesaDti 
blown  tt>l(lH|>uthic  nandstoneH  which  exhi1iit4.'d  a  thickness  of  more  than  1,5UU  feet. 
Tliesi*  gradually  nssiinif  rharacters  of  a  volcanic  <lutrital  tuft' — '*  auygdaloidaI,"csi- 
<'itic,  kanlinir,  Htill  brown,  slightly  Hiliceous — and  tiuaUy  at  the  depth  of  aboat  dr^CiO 
fcft  iiniiiisiakablc  IhmIh  of  trap  rock  w^re  encountered,  alternating  with  sandstone 
Lud.H.     At  thiM  ilf]ith  .sotiii'  grains  of  native  ropper  were  seen  in  the  drillings.^ 

Prof.  N.  II.  Wiiirludl  has  recently  {)iiblished  his  latest  conclusions  on 
the  Ta(!oiiic  roeks  of  Minnesota.  On  the  evidence  of  the  tracks  de- 
s(rrilKMl  by  Mr.  i\,  F.  Matthew"  he  (joiisiders  the  Taeonic  (Lower  Cam- 
brian) a;,n»  of  (lie '*  Aniniike'Mbnnation  to  be  snfiieiently  established, 
and  thinks  the  name  Taeonie  shonld  be  snbstitnted  for  Animike.^  The 
re\v;ibie  <inar(zite  is  referred  to  the  base  of  the  *'Aniniike,"  although  he 
says:  *MI  was  at  first  supposed  to  be  the  equivalent  of  the  I^otsdaoi 
(raracloxifles  horizon)  whieh  apparently  (»verlie»  the  "  Aniinike.''*" 

A  <'orn'ftinn  is  made  in  relation  to  the  reference  of  the  stratigraphic 
]M>.siti(>n  (d'  the  (iiannlar  quartz  as  follows:" 


■  Xoii-niMi  tliM  [svtAit\:\  or  Miiiut«liAli:i  (.\niiiiy.  l):iki»ta.  <itol. niul  N.-it.  Hi8t.Sarvej,  MiuueHota,  13ih 
Ann.  \U\K  for  l^-»l,  I  "■-.'».  jjp.  i«rt  97. 

'  rill-  <:i'.i|.ii\  of  Minni-MiitJi.    V«il.2<if  Final  lU'port,  IhJ'H.  p.  13 

»')|i. rit..  p|i.:!l-:;fi. 

*  Tl.r  « ;•  ..l.i-y  "f  Minmsoti.     Vol.  2,  Fiuiil  Ki-iioi  1, 1>X.-.  pp.  4«»7, 409. 

«()|i.  •  it.,  pp.  «;:;7  64J. 

*i;..il.:in«l   .N;it.  Ilist.Surv.  of  Minn.,  17t}i  Anu.  Rr p.  for  1*^88,  iShO,  pp.  5^-84. 

'  Til.-  Siilliv  iti-r  iJ.Mji  WiOl.     AnuTiostn  <Ji»(»Iiiui.-*t,  vol.  \K.  18-9,  p.  34'J. 

"  \ni..Ioiir.  S.i.,:M  h^t.,  vol.  :«».  lrt»i».  p.  U5. 

*'l'lir.  iifiii  (Ml  >i  of  Miiincsotu.    Gi*ol.  xm^  Nat  llUl.  Suxv.  MiuuviiotA.    Bull.  Ko. 6^1891, p. IIS. 

'"Mp.  rir..  p.  i-.;:». 

'■  up.  lit.    Fiiub  lioU)  ou  pp.  417,418L 
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The  writer  wishes  to  oomot  the  Tlew  pnblished  by  him  in  the  American  Geolo^st 
a  few  yemrs  ago  (*'A  Great  Primordial  Qaarixyte,"  vol.  1,  p.  178),  that  the  granular 
quarts  probably  overlies  the  blaok  slate  of  the  Taconio  system,  and  is  equivalent  of 
xhe  Bedsandrook  of  Vermont.  The  Bed  sandrook  appears  to  be  a  part  and  near  the 
top  of  the  ''Georgia  series"  and  above  theWinooskl  marble,  but  tbe  ^'^rranular 
quarts"  lies  below  the  Winooskl  marble.  The  typical  Potsdam  is  probably  the 
"  granular  quarts."  But  the  Bed  sand  rock,  and  also  some  light-colored,  loose  sand- 
stones still  higher  have  very  largely  been  regarded  its  equivalent. 

IOWA. 

On  the  map  accompanying  Dr.  D.  D.  Owen's  report  of  the  geological 
survey  of  Wisconsin,  Iowa,  and  Minnesota  a  small  area  is  colored  as  the 
Potsdam  sandstone  of  New  York,  in  the  northeastern  corner  of  the 
State.* 

As  State  geologist  of  Iowa,  Prof.  J.  Hall  stated  that  the  Poti^dain 
sandstone  attains  its  greatest  exposures  in  Minnesota  and  Wisconsin 
north  of  the  limits  of  Iowa,  and  about  theregions  of  Lake  Fepin.  Tlie 
excavation  of  the  Up|>er  Iowa  River,  however,  has  removed  the  ('al- 
ciferous  sandstone ;  so  that  at  the  junction  of  that  river  with  the  Missis- 
8ipi)i  there  is  exposed  a  broad  belt  of  the  lower  rock.  A  general  de- 
scription of  the  sandstone  is  given  with  the  statement  that  some  slightly 
calcareons  bands  contain  fragments  of  trilobites.  In  numerous  locali- 
ties shells  of  Lingula  are  found,  though  by  no  means  so  abuiMlantly  as 
ill  the  same  rocks  in  Minnesota.  These  fossiliferous  bands  appear  in 
the  vicinity  of  Lansing.'  In  the  same  volume  there  is  a  general  ac- 
count of  the  Potsdam  or  inferior  sandstone  b^^  Prof.  J.  1).  Whitney.^ 

In  a  general  description  of  the  geology  of  Iowa  Dr.  C.  A.  White  de- 
scribes the  Sioux  quartzite  as  occurring  in  the  extreme  northwestern 
corner  of  the  SUite.  In  the  table  of  classificiition  h('  places  it  as  llu- 
ronian  (t)  and  beneath  the  Potsdam  sandstone.^  This  is  the  (jiiartzite 
referred  to  the  Potsdam  in  Minnesota  by  Prof.  N.  II.  Wiiiclieil.  In 
describing  the  Potsdam  sandstone  Dr.  White  stiites  that  it  n^iches  a 
known  thickness  in  Iowa  of  300  feet,  and  it  is  exposed  only  in  a  small 
portion  of  the  northc^astern  corner  of  the  State.* 

In  the  account  of  adeep  well  at  Pjinmetsburg,  Iowa,  Prof.  N.  II.  Win- 
cliell  refers  to  a  white  sandstone  found  beneath  the  blue  shales  of  St. 
Croix,  assigning  it  a  thickness  of  107  feet.  The  rock  beneath  this,  which 
Mr.  Swan,  who  kept  a  record  of  the  well,  calknl  granite,  is  I'eferred  to 
the  Potsdam  quartzite.^ 


■<}o<}l.  Snrv.  of  WIhc,  Iuwa,  and  Minn.;  and,  incidentally,  of  a  portion  of  Nebraska  Territory, 
Pbiladt^lphia,  1852. 
^(xeology  of  Iowa,  voL  1,  1868,  pp.  47-48. 

*  Ibid.,  pp.  828-331. 

*  General  geology.    Asoio,  Lower  Silurian,  Upper  Silnilaii,  and  Deronian  systemo.    Oeol.  Surv.  Iow% 
Bep.,  voL  1, 1870,  p.  188. 

*Op.  cit.,  p.  172. 

*  S«»cUon  of  a  deep  well  at  Smmetdbarg,  Iowa.    Hiun.  Aoad.  Sei.  Boll.,  toL  1, 1880,  pp.  887, 388L 
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In  dopcribinp:  a  deep  well  at  Wasliin<2rton,in  soutlicastcm  Iowa,  Prof. 
S.  Calvin  states  that  a  gray  8an<lRtone  1/J30  feet  from  the  surfiMse  prob- 
ably represieuts  the  upper  part  of  the  Potsdam  series.^ 

LAKK  SUrEKIOU  SANDSTONE. 

In  an  acconnt  of  a. journey  along  the  south  shore  of  Lake  Superior, 
Dr.  J.  J.  Bigsb}'  describes  a  red  and  whiter  saudstoue,  for  the  most  part 
horizontal,  that  predominates  along  the  shore,  resting  in  places  on 
granite.'  He  also  mentions  the  I'ed  sandstone  of  Point  Keewawoonan 
and  the  sandrock  described  to  him  by  Mr.  Thomson.^ 

The  description  of  the  geology  of  Lake  Superior,  by  Oapt.  H.  W. 
Bayfield,  mentions  a  horizontally  stratified  sandstone  that  he  traced 
from  one  extremity  of  the  lake  to  the  other,  on  both  the  north  and 
south  shores,  and  on  many  of  the  islands  in  the  lake.  A  descriiition 
of  the  mode  of  occun'ence  of  the  sandstone  on  the  south  shore  of  the 
lake  is  given,  with  several  diagrams  illustrating  tlie  unconformity  be- 
tween the  granite  and  the  sandstone.^  lie  considers  it  quite  probable 
that  the  formation  extended  to  the  west  and  southwest  as  far  as  the 
foot  of  the  Rocky  Mountains,  and  that  it  might  i)ossibly  be  the  same 
as  the  sandstone  at  the  Falls  of  Niagara,  etc.,  but  conclnded  it  required 
much  more  elaborate  investigation  than  has  yet  be^n  bestowed  to  ren- 
der it  certain  that  the  sand8tA)ne  of  Lake  Superior  and  that  of  Ihe 
extiMisive  tracts  of  country  mentioned  are  the  same  formation.  He 
then  gives  reasons  for  terming  the  sandstone  of  Lake  Superior  the  Old 
Ked.  These  are  its  position  iniinediately  on  the  granite,  its  structure, 
and  (•onii)on<»nt  parts.^  No  fossils  were  observed.  The  student  will 
lind  in  this  paper  of  Capt.  Bayfiehrs  a  very  fair  description  of  thesaml- 
stones  as  tliey  occur  about  Lake  Superior,  and  it  is  worth  reading  iu 
eoiinerlion  wit-h  the  c<>iitrov<'rsy  in  relation  to  their  age. 

As  Sfjite  geolo^iist.  of  Micliii^^an  l)r.  l)i)ngl:iss  Tloughton  reported 
upon  tin*  strata  of  the  north<4'n  p<*n insula.  Jn  the  second  annual  n*porc 
he  s:i,\s  that  **tln»  0///  I\c(l  sandstour"  lijis  been  very  much  shattered  by 
tin*  ]»rolrusion  of  trap  rock  throni::!)  it.''  In  his  third  report  a  num*  ex- 
teinlcMl  account  is  giv(^ii  of  tlu»  Lake  Superior  sandstone  on  the  iSte. 
M:iri<'  Uiver.  The  sandstone  passes  conibrmably  beneath  the  super- 
jacent limestone.'     Of  the  bulk  of  the  f'orinaticni  he  says: 

'I'lu"  l^jiki^  SiiiMM'ior  N:iii(lHt.4tiir  in  its  I'aHtrrlx  prolongation  dm»H  not  attain  a  veiy 
^nat  MiiikiH'ss,  Imt.  in  pnuM-i'din^Nvi'strrly  this  tlni'kn«'ss  \h  vastly  increatied,  attaining 
nn  tin*  Moiitli  ?shon^  of  LaUo  Superior  1<»  several  hundred  font. 


'  Xot« «»  nil  I  III'  rorin:it.i.inH  ]»Ji».-»oil  tliioii;:li  in  l»onn:i  tin-  'Iim -p  w«  11  at  W;iHliiiiut<>ii,  Iowa.  Amcricu 
<irnlii<:i><t  Mil.  1,  1H^8, )».  :;0. 

'  Null's  on  tln^  ffi^oiinipliy  ami  pMilo^sy  of  I^iko  Snpfrii>r.  i)nnr\.  Jour.  Lil.,  Si-i.  aud  ArU  (of  tlioKoyil 
Inst,  ut  i.l.  P.rlt.)  vol.  18,  l«2:i,  p.  Xi. 

'()|i.  4  it..  |i.  2('H). 

*Oiitlin.rt  of  tiiA  c«-<>louy  of  T^ko  Superior.     Qnohrr  Lit.  an«l    HiMt.  Soc.  TranH.,  toI.  1, 1829,  p.  17,  lif«. 
2  and  :;.  on  jtl.it*'. 
•^O].,  ril..|,.  10. 

••I  Pi-riiiHuIa  I rmtriot.)    SWouA  atvwwaX  xtv^w^vt  *^( .ito  «i««oloi;'mt.  of  Mirhij^an,  Diarolt,  1839, p.  1^ 
' Til i I d  an II iial  rvpurl  SUie  {;«o\of;vAt  t^t  \Iu\\\«t:.\v\.    Wvwx^vn  \\vv\\s»\Vv\Q,x»:aM^t^ No. 8, 1840,  p. li. 
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So  fuu  inyexuniuatiouB  during  thepoat  year  bavo  exteudod  the  cock  in  destitute 
of  foHsils,  ami  in  fact  after  a  careftil  exaaiinatiou  (wivenl  ycitn  ago)  along  ita  wbole 
line  of  oDtoTop,  ou  the  muthurly  Hhore  of  Tiiiku  SDiiorEor,  1  buvo  never  buea  able  to 
(luteot  in  the  ruolu  •  nngle  oontuined  fosiiil.' 

Tbofomtli  I'uport  dewribetf  tlio  "lower  or  reil  BUiidiitone  aud  sbolo^j" 
as  follows : 

The  red  sanilstoiia,  with  ite  accompanying  ivil  aiul  griiy  itbaleH,  uccii]iieH  a  much 
1urgi;r  I'ltont  i>f  t)i»  cniiutr;  bunlcring  iiiran  [jaitu  SupiTior  ttutri  uuy  otbur  Hiiiglc  rock 
or  groiiti  of  roukii.  II  re»t»  ii|hi[i  the  jiriDtary  aud  m(!t:iiiii>riihiu  n>i<kii  i in miid  lately 
went  fWmi  ChoooUleKiver;  upon  t1ieuuiii<liiiut.'n>t«iaiidiuixe<l  ruckHfroin  iiuiirUagla 
Kivvr,  of  Keweenaw  I'nint,  went  tu  tbu  lieail  of  l.uku  Supermr;  upon  tbu  primary 
trap,  iiiutoTiinrpliic  and  cougli>uiDrivt«  niuku  uf  tbe  uorth  Hhurc  uf  tbe  laku,  mid  upon 
thu  ooiiRliiiDenite  rock  of  IhIu  Itoyalo.  It  ia  this  rock  wbicli  foruiti  tbe  baniii  of  the 
level  plateaus  or  valleys  oociipying  the  Bpareii  between  the  Koveral  ranged  iif  hills 
south  ftumlj»ke  tjuperiiir, and  weat  from  Chociilal'e  River.  Iti  theiie  lact  HitniitiiniH 
this  rtxik  in  rnHpif^ntly  Keen  undisturbed  to  Hurmnuil  tbo  liitBci)  «f  iwilul<:d  knolxi  of 
granite,  though  wlioii  near  to  or  in  contact  with  kunbs  ur  [of]  tragi  tbuiti  jini  iuvart- 
ablo  (.•vldenctH  of  very  gn-at  diMturbauce.' 

A  Hucoud  Ijfxl  uf  saiulstOHe  is  do»crilied  as  tlm  "  upper  or  ;;ruy  siiiid- 
(ttunf."  "  Upon  tjie  slioro  of  Lalce  Superior,  and  extt^tiding  from  Point 
Iroquois  to  Grand  Istand,  u  siindxtone  occar»,  diS'crinf;  widitly  in  its 
appearance  from  tlntt  before  dcHcribed.  Tlim  tmndKtone  rests  uncon- 
formnbly  ujiou  tUe  red  saudstone,  the  former  dipping  gently  to  the  south 
or  soatheast,  while  the  latter  dip»  very  vunsidorably  to  the  uorth  or 
northwest."^ 

A  sandy  limerock  restis  eonformahly  and  immediatf  ly  upon  the  upper 
or  gray  sandstone.  The  tabulatiuu  of  the  roeku  of  the  tipper  I'euinsula 
ia  as  follows:* 

3.  Tertiary  claya  and  aandit. 

8.  Upper  liroerook  group  (om bracing  oh  members  the  DruuiiDoud  lalund 

and  Mackinaw  liinMt»Mi!H). 
7.  Lower  lime  rock  aud  nhalcs. 
6.  I:!audy  or  iuteiinuiliutu  liuiunluna. 

5.  Upper  oc  gray  t(amlnt«n«,  mean frul..  TiKJ 

4.  I^wer  or  red  Blind  hK^k  and  Biiiilii».o\ti-.n.e <h>...  H.rilK) 

3.  Mixed  couglonianile  ami  iiaiiil  ukV,  mti'eme lici. ..  4,'.ini 

'i.  L'oii<;loni«ratn  muh,  e\tn-me ilu. ..  5, 'Jlill 

1.  UetHUTOii)bif,  traji,  and  primary  roitkH. 

A  detailed  account  of  the  red  saudnick  and  kIuiIc^  is  given  on  pages 
37  to  -11.  This  is  followed  by  a  descrixttiuu  of  tlie  upper  or  gray  sand 
rock,  of  which  lie  says : 

Tbe  only  remaining  rock  which  M>pnriit<>H  tin-  n-il  Hanilroi^k  rniiii  theliuniHloin'  lying 
b)  tbe  iHiiith  Ih  a  gray  or  brnwuinb  nun drutik  that  is  aluiuHt  wliolly  t'ompiHU'd  »f 
grains  ot  (|nart/,  usually  fe(>bly  c»niente<l  with  <^ab-unM>iiM  inattur.  The  I'liiiipiiHiliiin 
of  this  rock  dilfors  from  that  of  the  ieworsand  rock  in  being  more<iM:Iiisiv(;ly  i[uart;i, 
while  in  epiinli  i>f  depnsitiim  tbi<  riHTk  under  conaidoratiim  ■biiiild  not  Ihj  cotifonndud 
with  that  of  the  rod  aandgloue.     It  ban  already  been  etatcd  tUutthct  red  Handrock  of 

>Op.cii.,p.ia.  •Oli.uit-.p.lB. 
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tbo  HOiith  coast  dips  regularly  northerly,  while  the  upper  or  gr^y  Bandatone  dipi 
equally  regularly  south  or  southeantcrly,  in  which  respect  the  laiit-iuentiODed  rock 
cout'oniiH  Ut  the  linK^toiies  roHting  uiion  it,  while  it  rests  itself  upon  the  nptilted  edg^ 
of  the  ri'tl  Han(lrockl>e]ow.* 

The  upper  saudrock,  like  the  lower,  abouuds  in  clearly  defined  ripple  mmrkS;  aod 
itsliuf^of  cleaTafi^  is  very  irregular,  freqiieutly  being  opposed  to  the  line  of  atnitifi- 
cation  ov(*r  very  c'onHideraI)le  districts  of  country.  Two  iudistiuct  a|>eeie«i  of  fac^iidei 
were  all  the  fossils  notice<i  in  connection  witli  it. 

I  wan  unable  to  obtain  any  obHtM'vatiouH  upon  the  thickness  of  the  upper  sand  rock 

'  which  were  satisfactory,  hut  fntiu  the  imperfect  observations  which  were  obtained  I 

was  led  to  conclude  tliat  the  average  tbickncss  as  far  westerly  as  the  Piotnred  Rucki 

does  not  vary  far  from  700  feet.     The  upper  nandrock,  like  the  rocks  before  mentioned, 

wedges  out  as  far  as  we  proceed  in  an  easterly  direction.* 

When  xireiseotiiig  to  the  Boston  Society  of  Natural  History  an  ac- 
count of  bis  visit  to  Lake  Superior  Prof.  H.  D.  Rogers  states  that  he 
(li.scoverecl  in  the  neighborhood  of  Oliocolate  and  Carp  Rivers  the  fol- 
lowing conditions  of  strati fl cation  : 

First,  a  group  of  ro<.'kM,  tin;  equivalents,  undoubtedly,  of  the  Primal  8uudst4>ne  and 
I*riuial  slate  of  Profs.  W.  U.  Ko«;ers  ami  II.  !>.  Ko^^ers,  denominated,  in  the  nomen- 
clature of  the  New  York  survey,  the  Potsdam  sandstone,  and  these  rocks,  highly  in- 
cliufd,  and  traversed  by  parallel  east  and  west  axes.  Secondly,  upon  the  uptilted 
edges  of  this  earliest  Paleozoic  formation  rests,  in  an  unconformable  position  and 
with  a  very  gentle  northern  dip,  the  conglomerates  and  shales  of  the  red  aandstone 
series.  Specimens  of  the  conglomerati*  were  displayed,  in  which  the  pebbles  were 
all  from  the  older  rocks.  Mr.  Rogers  thought  this  fact  of  uncoufurniable  anperpoii- 
tion  an  almost  conclusive  proof  of  a  post-Pal t.'ozoic  date ;  and  he  proceeded  to  argne, 
from  various  points  of  analogy  between  the  red  sandstone  itself,  its  trappean  dikee» 
and  their  mineral  associations,  with  similar  components  of  the  Mesozoic  or  new 
red  sandstone  of  the  Atlantic  States,  that  the  formation  in  question  is  of  equivalent 
ag«^  and  origin  with  tliis  last-named  interoMting  group  of  rocks.' 

Ill  liis  ro(!onnai«sance  of  the  ( -hipiH'wa  land  district  of  Wisconsin,  Dr. 
1).  I).  Owen  examined  a  portion  of  tlie  shores  of  Lake  Superior.  He 
noted  the  red  sandstone,  its  mode  of  oeeurrenC/e,  and  chara<3ter.  He 
states  that  varions  views  have  been  advanced  by  dit!erent  writers  re- 
^ardin^  the  aj^e  of  the  hmI  sandstone,  marls,  and  conglomerates  of  Lake 
Snperior.  8ome  authors  have  n^ferred  them  to  the  date,  of  the  oldest 
samlstones  of  tlie  New  York  system  ;  others  Iwlieve  them  to  be  con- 
temporaneous with  the  New  Ked  sainlstone  of  (ireat  Britain  and  the 
hunter  Sandstein  of  Germany.     He  further  states: 

.fudging,  ho\V4.'V(.*r,  frt>Mi  litlmlngioai  and  niinoralogical  character,  there  certainly 
is  strong  presumptive  evidence  thiit  tht'V  wiTe  d«'po.sited  subsequently  to  the  Carlioii- 
iferouH  **ra. 

He  calls  attention  to  the  strong  resemblance  between  them  and  the 
formations  above  the  Coal  Measures,  not  only  of  the  State^  but  of  some 
parts  of  Europe. 

Kanging  through  Connootieut,  N«»\v  Jersoy,  Maryland,  and  Virginia  there  are  red 
sandstnue  and  marly  IkhIm  that  are  ahiiost  a  counterpart  of  some  portion  of  the  Lake 
Sn|>crior  formations,  an  woll  in  aspi'ct  oh  in  coriipo^ition ;  like  them,  too,  theyar» 

•Op.oit.,  pp.41,42, 
MM»  «'it..i»p.4'J.«3. 

'(^11  tilt*  iiiiucialoKy  and  Reology  of  Uio  a<iutb  »hore  of  Laki*  Superior.    Boston  Soc  Kai.  HistPivfr 
▼o/.2;i8M,p^l2S. 


■  *  ■*-.  wr  I- 


WALcoTT]  LAKE   SUPERIOR   SANDSTONE.  191 

trayersed  by  imnges  of  intrnuTe  trap,  with  accompanying  veins  of  copper.  ■  •  *  • 
To  draw  ap  in  detail  a  comparison  between  these  format ionn  an«l  thoHe  of  t lie  North- 
west would,  at  this  early  stage  of  the  survey  of  Wisconsin,  be  preuiatiire.* 

In  1849  Prof.  O.  T.  JacksoD  argaed  that  the  red  saiulstone  and  con- 
glomerate rocks  of  Keweenaw  Point  existed  there  anterior  to  the  ele- 
vation of  the  trap  rocks,  and  that  the  eastern  sandstone  and  the  red 
sandstone  were  the  same  in  geologic  age.  After  reviewing  the  mode  of 
occurrence  and  the  relation  of  the  sandstone  to  other  rocks,  especially 
a  limestone  from  which  a  fragment  of  Pentamerus  ohlontfun  was  ob- 
tained, indicating  the  upper  member  of  the  Niagam,  New  York  series, 
he  cimchided  that  the  sandstone  of  Keweenaw  Point  was  not  of  the 
Potsdam  series,but  that  it  was  most  probably  the  New  Red,  or  that  sys- 
tem of  sandstones  which  is  regarded  as  such  in  New  England.^ 

In  their  rei)ort  of  1849  Messrs.  Foster  and  Whitney  color  tlie  accom- 
panying map  of  Keweenaw  Point  so  as  to  indicate  that  they  consider 
the  sandstone  and  conglomerate  sui)erior  to  the  trap  siM-ios,  forming 
the  base  of  the  Silurian  s^'stem.  The  same  coloring  and  nomenclature 
are  used  on  the  map  of  the  district  between  Mackinaw  I>ay  and  Cho($o- 
late  lliver,  and  that  between  Portage  Lake  and  Montreal  Kiyer  and 
Isle  Royale.^ 

In  the  same  volume,  following  the  report  by  Foster  and  Whitney,  is 
a  general  description  of  the  region  between  Keweenaw  Point  and  Mon- 
treal Kiver.  The  writer  says  the  age  of  the  sandstone  of  Lake  Superior 
could  not  be  determined  b^*  any  evidence  he  ha<I  been  able  to  collect. 
rt  is  entirely  destitute  of  fossils,  and  lies  directly  u])on  granitic  rocks.^ 
Whether  it  is  written  by  Mr.  Foster  or  Prof.  Whitney  is  not  stated. 

Mr.  J.  W.  Foster  states  that  he  is  disi>osed  to  regard  the  sandstone 
of  Lake  Snperior  as  resting  at  the  bsise  of  all  the  fossiliforous  nx^ks.^ 
He  evidently  considered  the  horizontally  bedded  sandstone  at  Kewee- 
naw Point  the  same  as  tlie  disturbed  sandstone  on  the  opposite  side. 
Full  descriptive  details  of  the  s:ui<l8tones  at  Keweenaw  Point  are  also 
given  by  Mr.  W.  A.  Burt.*  In  the  same  report  Mr.  Hela  Hubbard 
states  that  the  lied  sandrock  is  the  e<iuivalent  of  the  Potsdam  red  sand- 
rock  of  the  New  York  reports,  and  that  on  the  map  the  g(H>grapliic  dis- 
tribution skirts  the  trap  range  on  both  sides,  but  having  by  tar  its 
broadest  extension  on  the  south  side. 


'  Report  of  a  geological  reconnaiMMiiiceof  thuCliippowii  Uiid  <liMtri<-tof  WiMroiiHiii;  ami  iiii*i<]HiitjiIly 
of  a  i»artof  Iowa  and  of  tho  MiiiiiivKita  Torritory,  .'iOtli  ('oiij^reM.  iMt  h*^ah.,  S«M)iito  Ex.  I>uc.  N'o.  57, 
1848.  pp  57-58. 

*lU*|M>rtoD  the  geological  and  miiicriil«);;io»l  nurvoy  of  llit^  luinoial  InndH  of  tho  l^nitM  StatrH  in  the 
State  of  Michigan,  Ex.  l>oc.  Xo.  5,  UoiiiM)  of  Krpn.,  SUt  Ooii;;re«H,  Ut  hi'mh  ,  jiurt  :t,  1S49,  pp.  398,  .1U9, 
452. 

'Synopnis  of  the  exptorationn  of  tlie  gcolo^iiral  C4)rpif  in  the  Lako  Siiprridr  land  dint  rift  in  tbe  nt>rth> 
ei'u  peninsula  of  Michigan,  Kz.  Doc.  No.  5,  House  of  Keps.,  '.ilnt  CiiugroiM,  iHt  se hh.,  part  3, 1849,  pp, 
605  035. 

'Op.clt.,  p.655. 

' Xot**E  on  th«' geology  and  to]>o«;raphy  of  purtionn  of  the  country  adjacrnt  to  Lakos  Superior  and 
Michigan,  in  tho  Chippewa  land  district,  Ex.  Doc.  No.  5,  'dUt  Conm^'M,  iHt  HOt«<«.,  part  :i.  1H40,  p.  781. 

*  Topography  and  geology  of  tlio  nnrvry  of  a  di'ftrict  of  townHliip  linen  south  of  Lako  Superior,  1845, 
H.  B.  Ex.  Doo.  Xo.  5»  part  3.  1849.  pp.  815-839. 
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It  hnri)  lied  in  nearly  borizuntal  Htruta,  though  at  the  coast  a  slight  dip  inland  is 
observable,  becoming  more  apparent  as  it  approaches  the  basin  of  Portage  Lake.  la 
its  appnuu)h  to  the  trap,  however,  it  is  found  more  or  less  tilted  from  its  original 
hori/outal  poHitioii,  and  is  also  very  much  altered  by  its  contact  with  that  igneous 
rt>ck.  The  evidences  both  of  the  deposition  of  tliis  extensive  looic  formation  iii  calm 
and  shallow  wat4)rs  and  of  the  HubmMiueut  change  induced  in  it  by  the  trap  roclu 
when  in  a  fused  or  heated  state  are  very  important.^ 

In  thoir  report  u[>ou  the  coi>i>er  region  of  Lake  Superior,  Messrs. 
Fo«t«r  and  Whitney  tabulate  the  Htratitied  sediiuentary  rocks  as  fol- 
lows :  * 

I.  CW/^omera/e.— Not  strictly  a  sedimentary  rock,  but  a  volcanic  tuff. 
II.  Inferior  sandstone. — Potsdam  sandstone. 

III.  Compact  or  Lower  MagnesUin  liTSf^tone.— Calciferons  sandstone,  Chazy  lime- 
stone, Bird's-eye  and  Black  River  limestone. 

This  tsible  is  followed  by  a  detailed  description  of  the  con  glomerate, 
sandstone  and  superjacent  limestone.  No  attempt  is  made  to  differen- 
tiate the  horizontally  bedded  Red  sandstone,  of  Keweenaw  Point,  from 
the  banded  sandstone  that  occurs  on  the  western  part  of  the  Point. 

Of  the  trausitiou  of  the  sandstone  to  the  maguesian  limeBtone  they 
say :     ' 

The  sandstone,  as  we  ascend  from  the  lower  strata  to  the  higher,  is  found  to  be  le«i 
colored  by  tho  oxides  of  iron,  and  to  take  into  its  composition  particles  of  lime  until 
finally  it  itasHos  into  well  characterized,  compact,  mafj^esian  limestone.  •  •  * 
We  apply  the  term  ni:i^nesian  to  thiH  iKdt  to  detine  its  lithological  characten,  although 
the  associated  organic  n'maius  would  seem  to  indicate  the  presence  of  seveml  of  the 
lower  Silurian  groups,  which  can  not  be  recogni/^d  by  lithological  differences.' 

A  notice  of  the  work  by  Foster  and  Whitney  in  the  copi>er  district 
was  pnldished  in  the  American  Journal  of  Science,  !2d  series,  volume 
12,  1851,  pp.222-2;59. 

In  a  letter  describing  the  Silurian  terraue  of  Lake  Superior,  Messrs. 
Foster  and  Whitney  reanirni  their  opin.iun  that  thestandstones  of  Lake 
Superior  are  of  the  a«i:e  of  the  Fotsdani  of  the  New  York  series,  and 
tiiat  the  section  exhibits  tht*  xVzoic  system  at  the  base,  upon  w4iich  rests 
the  con^lonu'rate,  formed  of  igneous  rocks,  and  then  in  turn  the  Pots- 
dam sandstone,  tile  ('alciferous sandstone,  the  Trenton  limestone, etc^ 

In  commenting;  upon  this  statement  of  Messrs.  Foster  and  Whitney, 
that  the  Lake  Superior  sandst4)iies  are  of  the  same  a^e  as  the  Potsdam 
sandrock  of  New  York,  IMof.. Jules  Marcou  disput43S  their  cori'elatioD 
and  considers  the  formation  as  equivalent  to  the  New  Ked  sandstone,  as 
was  stated  by  rroi".  Jackson.* 


'  (ifii(>r;il  iibsiTvatiniiH  n|HMi  tim  i;i'Olo;;y  and  topu^niihy  of  tht«  diMtrio-t  tumth  of  Lako  Superior,  Mb- 
ilivi(k-(l  111  iHI.'i  (iiuli-r  IIiiii:;lit(Mi,  Ilfii-^i- (if  Ki]i<%.,  Kv.  Due.  No.  5,  piirt  .^  1849,  p.  840. 

^  Ki'port  on  tliH  ^«*itlo;;y  uml  i<ip«>;:r.iphy  of  :i  pMrrimi  of  tli««  Lak*'  Suporior  land  diatrict  in  the  SUIe 
of  Michismi-     W.i»ljin;;ton,  l>s5i».    Stratifji-d  anil  .sclinn'nlary  nxrkti.     Vol.  1,  I860,  |».  99. 

:«Op.  lit.,  p.  117. 

*(A|M'i\ii  dis  l*i»n«tMnl»lii  d«'M  Terrains  Silurians  dii  lar  Supt'Tionr.)  Bull.  Soc  gfoiA,  Franco,  2*  8^.. 
vol.  8,  1<C»0.  p.  91. 

^  [l«->«|ionH(>  a  Irtiro  d<.i  MM.  Ko.>)tor  t^t  Whitney  Hiir  le  lac  Suimriour.  Bull.  Soo.g6oL  FFaooe,2"  air., 
\v\.6,  JtjO,  pp.  101-105. 
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In  tlieir  report  on  tho  geology  of  the  Lake  8ai>erior  land  distriut, 
HesBrs.  Foster  auil  Wliituey  describe,  audur  tUe  beiwliug  of  "  rotwlani 
sandatoiie,'"  a  saadstone  on  the  north  shore,  occurring  in  insulated 
patches  on  tlie  isthmus  between  Thauder  and  Block  Days.  This  sund- 
stoue  attains,  acooi-ding  to  Logan,  a  thickness  of  at  least  200  feet.*  On 
the  sonth  shore  tlie  sandstones  of  the  uorthwostem  sijlo  of  Keweenaw 
Point  are  considered  to  be  of  the  same  ago  as  those  on  tim  south  aide 
of  the  i>oiut,  extending  along  the  lake  shore  from  Keweoiian'  Buy  to  St. 
Mary's  Itiver.  The  sandstone  extending  sontliwan),  siihpantllel  to  the 
bay,  is  also  cor  related  with  the  sandstone  ineutioucd ;  and  all  of  these 
are  correlated  with  the  Potsdam  eaiulstone  of  the  New  York  series. 
They  qnot«  from  the  maanscript  of  Prof.  Jumes  Halt  in  relation  to  the 
westward  extension  of  the  saudatone  in  Wisconsin,  in  the  Upiior  IVlis- 
sisHippi  Valley.' 

In  some  observations  on  the  age  of  the  saiidtitones  of  the  United 
States  Prof.  C.  T.  Jackson  concludes  tiiat  the  Lake  Superior  samliitonu 
is  of  Upper  Silarian  age.' 

Messrs.  Foster  and  Whitney  returned  to  the  discussion  of  tho  age  of 
the  sandstone  of  Lake  Superior  in  18S1  mid  conclude  there  uui  no  longer 
be  any  doubt  that  this  sandstone  Itcs  below  the  lowest  fuHsillferous 
members  of  the  Silurian  in  tho  position  of  the  Potsdam  Kaiidatuuu  of 
New  York.'  They  doscribt^with  considerable  detail  the  mode  of  occur- 
rence of  tho  horizontally  bedded  sandstone  at  the  southeastern  end  of 
the  lake  along  the  Snnlt  Ste.  Marie,  with  its  extension  westward  along 
the  coast  to  Kewi'«naw  Bay.  They  show  it  to  be  one  continuous  for- 
mation around  the  great  centrnl  granitic  and  nzoic  nucleus;  that  it  is 
a  granular,  quartzoso  material,  mostly  friable,  and  containing  httle 
iron  j  that  the  thickness  of  the  whole  formation  did  not  exceed  100  feet 
at  Sault  St«.  Marie,  and  that  at  the  PicturiHl  Kocks  it  was  probably 
more  than  300  or  350  feet,  gradually  incieasiitg  from  the  cast  towanl 
the  west*  They  then  describe  a  sandstone  on  tho  western  side  of  the 
Keweenaw  Point  and  Isle  Poyale  which  is  now  referred  to  the  Algun- 
kian.  This  is  the  host  I'dsumii  of  the  infonnatiun  relating  to  the  Luke 
Superior  sandstone  published  up  to  its  date. 

In  his  tabulation  of  tho  lowest  Protoicoic  sandstones  Dr.  D.  I).  Owen 
jjlaces  tho  Lake  Superior  fttvruginous  and  argillaceous  sandstones, 
shales,  and  conglomerates  at  the  biise  of  tlie  section,  assigning  it  a 
thickness  of  5,000  feet.'    On  tho  accompanying  map  the  Lake  Su|)erior 

■  Lower  Sllnriinfij'ilcin.    PutBdaui  aiid  Cidcircraiii)  SaDa^iDui^K.    Rcpl.  on  Oeol.  uf  I^aku  Supcrbc 
LdikI  llLilr.,  I't  t.  18S1.  pp.  113-lM. 
•Op.  lit..  i>.  US. 
>Ui>.dl..  P|i.  133.  134. 

•  [SuiDO  nlMcrvatLon*  on  the  igfi  of  Ihv  rnDdMoniM  of  Eh.-  UiiUhI  Slnlos.J  [Imt.  Soo.  Mit.  mm.  I-roc, 
to).  3.  1S31,  pp.  33S.  33fl. 

»Ou  tho»i!Oof  tbii  (anilntoDe  of  L»lio  Suii«vlor,  with  ■  doacriptiuu  of  tLo  i>honoinona  of  li;neo[u 
rockiu    Am.  Abmh.  Ptod..  vul.  S.  11^1,  p.  '^ 

•  uikoii..  p.  a. 

'a»u1.  Surv.  of  Win.,  Iowa,  and  Hinn.,  uid,  liicideuUlly.  of  u  portiou  of  HbIitwlVa.  '^'ert^Ktri. 
FblUdelpLla,  1832,  p.  S3. 
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sandstone  west  of  the  Montreal  River  is  colored  the  same  as  the  sand- 
stones of  the  central  portion  of  Wisconsin  referred  to  the  Potsdam.  In 
the  legend  the  Lake  Superior  sandstone  is  inclnded  with  the  lower 
sandstones  of  Wisconsin  and  Minnesota  as  the  equivalent  of  the  Pots- 
dam sandstone  of  New  York. 

Mr.  J.  C.Norwood  calls  attention  to  the  resemblance  of  the  sandstone 
on  the  south  shore  of  Lake  Superior,  west  of  Montreal  Kiver,  to  the 
sandstones  of  the  Chippewa,  St.  Croix,  and  Kettle  Rivers.  A  section 
is  given  that  occurs  above  the  month  of  Cranberry  River.^ 

In  some  remarks  connected  with  the  geology  of  the  north  shore  of 
Lake  Superior  Prof.  J.  D.  Whitney  states  that  from  Saalt  Ste.  Marie, 
following  the  south  shore  in  its  whole  extent,  and  along  the  north  side 
as  far  east  as  the  northeastern  extremity  of  Neepigon  Bay,  we  find  ex- 
posed on  the  lake  shore  only  shales,  sandstones,  and  conglomerates, 
the  equivalent  of  the  Potsdam  sandstone  and  the  accompanying  trap- 
pean  rocks.' 

Jn  speaking  of  the  red  sandstone  of  Lake  Superior  Mr.  II.  B.  School- 
craft states  that  in  his  expedition  of  1820  he  recognized  a  Sf»udstone  at 
the  Sault  of  St.  Mary's,     lie  says: 

Tliat  thin  is  tlio  Old  Ked  HandHtoiiu  lusiy  bo  inferred  simply  from  the  fact  ttiat,  al- 
though dujioHitod  origiiiaUy  in  hurizontal  beda^  ita  position  has  been  disturbed  iu 
many  local itics.^  ^ 

In  his  rei^ort  as  State  geologist  of  Michigan  Dr.  A.  Winchell  describes 
the  sandstone  at  the  Falls  of  the  St.  Mary's  River,  where  it  has  a 
measured  thickness  of  at  least  18  feet.  On  some  of  the  surfaces  he  ob- 
served obs(Mire  traces  of  Alga*.  On  some  specimens  from  the  Montitsil 
Hivrr  not  less  than  three  species  of*  fossil  jdants  have  been  discovere<l. 
He  favors  tlie  view  that  tlie  sandstones  of  the  south  shore  of  Lake  Su- 
perior are  of  the  age  of  the  Potschim/ 

When  eoinnienting  upon  the  fact  that  Trof.  Jules  Marcou  had  re- 
ferretl  the  red  sandstone  of  Lake  8ui)erior  to  the  Trias  Prof.  J.  S. 
Newberry  states: 

No  Anieri(  un  j^^oolo^ist  will  need  to  hi;  iuforiiUMl  that  tho  BandMtones  of  Lako  Sui»e- 
rior  an;  of  tho  a^i)  of  tlu^  rotKdain  *>!*  N<*w  York  and  Ho  at  tho  base  of  the  Silurian 
H('ri<>H.  It  irt  true  that  thrro  in  considorahlo  litholo^ical  rcsemhlanco  l>etween  tlie 
rotHtlain  sandstfMioHof  Lakft  Siipcrinr  and  thoso  overlying  tho  Carhoiiifurous  seriohiu 
New  M(>.vi(!o ;  hut  that  fact  HcrvoH  simply  to  hliow  h«>w  fallaciouH  are  the  iufercuct'8 
ih'rivi'd  alonr  fn»m  litholo^ical  charactiTs.'^ 


'  DvHrriittion  of  tlio  ^colojiy  of  middle  an<l  wi'stcrii  MIdii.,  incliidin;;  tlio  country  ad^acvnt  to  ti." 
iioithvrcHt  and  part  ol' thr  hoiitliwcHt  nlioro  id'  Lako  SiiiM>rior.  Hep.  Gcol.  Siirv.  of  Wis.,  Iowa,  nod 
Minn.,  and,  iiiriilontally,  of  aiiortion  of  Nidir.iHka  Territory.    l*hila<lidphia,  1)^2,  p.  2G0. 

'-']:<'n)arkHon  Honio  iMiinti)  connrctod  with  tho  f;c4ih);:y  of  tho  north  Hhoro  of  Lako  Superif»r.  Am. 
Ahs(k.\  Troir.,  vol.  fl,  1k:i5,  p.  'J0">. 

3()h.<(rrv:ttionH  on  the  ^^^tdo^y  and  ininer.do^ry  of  the  ri'L'ion  emhraoin^  tho  aourccrt  of  the  MiM»iiii«ip|» 
Kivcr  nnd  thi;  (irvat  Lake  hasiua  during  tlio  expoditloii  of  1820.  SchoolcratX's  MinHiiMiippi  Kivor. 
Phila.,  \K>:},  pp.  316,317. 

^(ioolo^y.  c<nural  Hkotch.    Geol.  Siirv.  Miclii;;an,  l^t  Iiiinnial  Hop.  of  Prof^.    Lansing,  1981, p|>. 

4a-r>i. 

^  f;<i)Io^icaI  n'liort.   llepoEl  upon  tho  Colorado  Ki  vur  of  the  Weut,  ex  pi.  in  1857-'5d  by  Lieut  J.  C.  Itm. 
I'urt  m,  1861,  p.  75. 
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Of  tlie  aandstone  at  the  base  of  the  foaailiferoos  seriea  Dr.  T.  S.  Hntit 
Ba;i : 

Along  tbeaortbemrlmof  tlie  grta,t  Paleoxoio  bwlnof  Notlfa  AmeHaa  the  Potadam 
MknilBtoae  of  tba  Natr  York  geologiBta  ia  DDquealionnbly  tUe  lowest  rook  from  below 
Qnebec  to  UiB  Island  of  Montreal,  Bod  tbencepasaiiii;  op  the  valley  of  LkkeCtiamplaio 
and  sweeping  roond  the  Ailirondaok  Houotaiiii  nntil  it  reoutera  Canada  anil  soon  dis- 
appears  to  tho  noftb  of  Lake  Ontario,  where  the  Binliieye  and  Black  Kiver  limDStonea 
Topuse  directly  upon  the  Lanreiitlaii  rocks,  and  furtliorniore  overlie  the  groat  Lake 
Sajierior  gronp  of  slates  and  sandstones,  which,  reposing  oa  the  unco ufurm able  llii- 
roDian  Byiitoni,  constitute  the  apper  cop  per- bearing  rocks  of  tbia  region.  This  Lake 
Snporiar  group,  as  Sir  Williani  Logan  remarks,  may  then  iiiclmlu  the  Potsdam,  CaU  ■ 
ciferouH,  and  Chazy,  auil  thus  bo  eqnivuleiit  in  part  to  tbu  Quebeo  group,  hareaftet  to 
be  describoi].' 

The  sectiou  on  the  MoDtreat  Bivcr,  including  11,850  feet  of  strata, 
acvortliiig  to  Mr,  Olinrles  Whittlesey,  is  referred  l)y  Iiini  to  the  Pofadain 
anndstoue,  witli  a  statement  that  tins  Is  not  tlie  entire  thiulciiesu  of  the 
I'otsdiiui  at  the  moutli  of  the  Montreal.'  Ho  states  that  some  furcign 
geologists  have  ossaycl  to  plaee  this  formation  nearly  at  the  summit 
of  the  geological  system,  uot  only  without  evidence  but  against  tho  most 
GODcUisire  proof.  He  correlates  the  sandstone  at  the  Falls  of  the  St. 
Croix,  with  its  abundance  of  fossils,  with  the  sandstone  of  tho  sLHStion 
mentioned,  and  states  tliat  it  has  been  traced  stratigrapbically  beneath 
the  Trenton  and  Oalciferous  strata  of  the  New  York  sur\~ey,  oo'the 
St.  Mary's  liiver,  at  tho  Pictured  Kocks,  on  the  Eacanawba,  the  Meuoni- 
inee,  Oconto,  Wolf,  Wisconsin,  and  St.  Uroix  Rivers,^ 

The  view  that  the  sandstones  and  superjacent  rocks  of  the  south 
shore  of  Lake  Superior  were  deposited  withiu  the  lake's  basiu  when 
the  lake  stood  at  a  higher  level  has  been  held  only,  as  far  as  kuowu  to 
uie,  by  Mr.  Thomas  Macfarlane.  lu  a  report  on  the  geological  forma- 
tions of  Lake  Sut>erior  lie  says : 

On  the  otiierliand,  tlie  Upper  rocks  and  St.  Mary  NanilHtonca  arc  never  fonnd  &r 
inbiiid,  bnt  oouur  clone  to  tbu  ahoro  in  comparatively  low-Jying  land  and  rucks.  Tliey 
sw'Tii  h>  have  ha<l,  as  tho  tbcator  of  thuir  vriiptiou  and  deposition,  tho  Imttuiu  of  tho 
lukc,  .at  a  time  when  Uu  aniface  was  at  a  higln^r  Icvol  than  it  is  at  proHcnt,  althontEh 
not  XI)  high  as  tho  gonoral  snrfucoofthu  silrrouuding  Laiiruntian  and  IlntouEan  hills.* 

Ill  a  paper  on  the  position  of  the  sandstone  of  the  southern  slo|»c  of 
a  portion  of  Keweenaw  Toi lit,  Lake  Superior,  Prof.  Alexander  Agassis 
status  Unit  the  sandstone  of  tho  simtberii  side  of  the  mineral  range  in 
the  vicinity  of  Torch  I*ake  is  plainly  of  adiiferentage,  lying,  as  it  does, 
unconformably  upon  the  former  (i.  e.,  the  trap).  This  view  agrees  with 
that  hold  by  the  gcologints  who  refor  the  sandstone  of  the  southern  por- 
tion of  Keweenaw  Point  to  the  Potsdam,  and  that  of  the  northern 
coast  to  a  pre-Potsdam  formation.' 

Mill  MOiio  points  la  Amerlun  Rcvloey'    Am.  Jonr.  Hoi.,  3d  ur..  toL31,  IMI,  p. 307. 
•  Tlie  P>ni<>kie  MInrral  Ibaef,  Wiiicoiialii.    Ilinl.  Sue.  ^'nt.  ni-t.  Pnw..  vol. ».  IMO.  p.  238. 
■()!>.  dt.,  p.  1». 

'Cm  the  crolflKii^Bl  ramialion  of  Lake  Supi>rii>r.    Ciiiuul.yntiirallHt,  nev  asr-.Tal.  S,  1W1,  p.  ITB. 
*(ln  tliu  poailliin  ■>(  tbe  umiUt-inu  oC  tlio  Miutlioin  ulnpo  ot  a  pviUon  of  Kowevnkw  Val«.^,\dIiA 
Superior.    llo*tuaSiH.Nat  Uliit.,ItDO.,  ruLlI,  ISHp-^- 
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in  an  article  on  the  ago  of  the  copper-bearing  rooks  of  Lake  Super- 
ior, Messrs.  Brooks  and  Pumpelly  refer  tbe  sandstones  of  the  south 
shore  to  the  Silurian,  and  stiite  that  they  were  deposited  unconforma- 
bly  upon  the  subjacent  copper-bearing  rocks.^ 

In  his  report  upon  the  Paleozoic  rocks  of  Michigan,  Dr.  O.  Bomin- 
ger  concludes  that  the  Lake  Superior  sandstone  is  the  equivalent  of  tbe 
Potsdam  sandstone.  He  states  that  there  is  no  record  of  any  instance 
in  which  recognizable  fossils  were  found  in  situ  in  the  Lake  Superior 
sandstone.^  The  reference  of  the  sandstones  of  the  western  side  of 
Keweenaw  Point  is  based  upon  their  lithologic  resemblance  to  those 
east  of  the  trap  range  along  the  center  of  the  point. 

In  a  paper  on  some  points  in  the  geology  of  northern  Wisconsiu 
Prof.  R.  D.  Irving  drew  the  conclusions  that — 

(1)  The  CoppCT-Bcariiig  aud  Huroiiiau  series  wero  onco  spread  out  horizontally 
one  over  the  other  and  owe  their  present  highly  tilted  position  to  one  and  tbe  same 
diHturbance.  (tl)  That  subsequently,  after  a  long  period  of  en>aion,  the  horizontal 
Silurian  sandstones  were  laid  down  over  aud  against  the  upturned  edges  of  the 
Oopper-Jicaring  series,  filling  also  the  synclinal,  in  Ashland  County,  which  lies  be- 
tween the  northward  and  southward  dipping  sandstones.  (3)  That  hence  the  Cop- 
per-Boarlng  series  is  more  clearly  allied  to  the  Archean  than  to  the  Silurian  rocks.' 

lie  describes  the  series  of  horizontal  sandstones  and  shales  that  form 
the  basement  rock  of  the  Ajtostle  islands  and  the  north  ooast  line  of 
Ashland,  Bayfield,  and  Dou^^his  Counties.  These  he  considers  in  every 
way  to  be  the  equivalent,  or,  which  is  more  probable,  the  do\niwanl 
continuation  of  light-colored  Primordial  sandstone  of  the  Mississippi 
Valley.  They  rea[)pear  farther  south,  on  tlie  headwaters  of  the  St 
Croix,  from  whence  they  can  be  traced  uninterruptedly  until  they  dis- 
appear beneath  the  li^htcolored  sandstones  of  the  Mississi])pi  Valley.* 
This  paper  of  Prof.  living's  was  reprinted  in  the  American  Journal  of 
Scien(!e,  under  the  title  *'  On  the  age  of  tlie  copper- bearing  rocks  of 
Lake  Superior,''  etc.* 

It  is  stated  by  ^Ir.  E.  T.  Sweet  that  the  term  "Lake  Sui>erior  saml- 
stone"  ''is  generally  employed  to  designate  the  reddish  almuiuous 
sandstones  which  nearly  everywhere  border  the  south  shoro  of  Lake 
Superior.  They  also  form  the  basement  rock  of  the  Apostle  Islands. 
They  have  never  been  found  in  a  tilted  condition."^  He  considers  that 
J)r.  liominger,  of  tlie  Michigan  (leologieal  Survey,  has  definitely  set- 
tled that  these  sandstones  are  the  downward  continuation  of  the  light- 
colored  sandstones  of  the  Mississii)pi  Valley;"  and  concludes  that  tbe 
western  sandstone  of  Irving,  or  that  of  the  Apostle  Islands  and  viciii- 


'  On  tlio  aj{o  of  tln<  uoiJiH^r-Uraring  r<n'.ks  (if  L:iUf  Suporior.    Am.  Jour.  Sci.,  3d  mt.,  vol.  3,  ie7l3,pp- 
4:U  rs2. 

*  I*al«njroio  rookM.    Oool.  Siirv.  Mio])i;:rni.  I'ppor  r«MiiiiMnl:i.  1860-1873.  vol.  1.  pt  3, 1P73,  i».80. 

*0n  Honu-  poiutH  iu  iho  Koolouy  of  iKiithoru  Wirtconsiu.     Wiscuufiiu  Acad.  Sci.  Traus.,voL2.  lS74.|f. 
117. 

'Op.  cit.,  pp.  114. 115. 

»Arn.  Jour.  Sri.,  3'1  ««rr.,  vol.  H,  1874,  pp.  16. ")C. 

''Xo(t»H  on  tljr  ijtology  ol iioTV.\\vn\  Wviwjousiii.     Wi.4.  ,\cad.  Sri.  Traua.,  vol. 8, 187«, p.48L 
^      'Op.cit.,p.4a. 


wAioDTT.)  IJIKE  8UPEBI0B  8AHD8TONE.  197 

ity,  ia  of  the  same  age  an  the  eEuteru  aandatone,  along  the  shore  of 
Lake  Saperlor,  east  of  Keweenaw  Point. 

A  description  of  the  Lake  Superior  sandstone  is  given  hy  Dr.  Irving 
in  his  accoontof  the  geological  structure  of  northern  Wisconsin  that  is 
Ter;  full  and  complete,  and  it  will  be  raferred  to  again  in  the  summary 
of  our  present  knowledge  of  that  formation.'  In  the  aocount  of  the 
geology  of  the  eastern  Lake  Superior  district  iu  the  same  volume  Dr. 
Irving  described  the  Lake  Soperior  or  Potsdam  sandstone  of  the 
Apostle  Islands  and  ai^oiniug  shore.'  An  account  of  the  sandstoue 
OB  it  occurs  in  the  western  Lake  Saperior  district  is  given  by  Mr.  E.T. 
Swpot  in  iaSO.= 

Dr.  M.  E.  Wadawori:li  notes  that  the  sandstone  at  Marquette  rests 
upon  the  Azoic  schiats.  That  south  of  the  Carp  Biver,  in  the  locality 
figured  by  Messrs.  Foster  and  Whitney,  tlie  sandstone  strata  are  seen 
to  abut  against  and  overlie  the  vertical  edges  of  the  quartzite.* 

A  general  acconnt  of  the  Potsdam  sandstone  aeries  is  given  by  Dr. 
B.  D.  Irving  in  bia  article  on  the  mineral  resources  of  Wiacousiu.  Of 
the  Lake  Superior  sandstone  he  says : 

The  liorixuDtal  Bnndstoiio  of  tbe  south  Hiinre  of  Lake  Superior  belong*  iiiiqueBtlon- 
ablf  to  this  foruiatiOQ,  tUousL  it  is  a  matter  of  doubt  whether  the  two  BaudBtoues  do 
or  ever  did  ooiiueot.  Tha  Lsko  Saperior  rock.  dllTers  fruiu  Its  more  soatliern  equivfr 
lent  iu  its  red  cuIot.* 

'Xbe  aaiidstones  at  the  eastern  end  of  Lake  Sui>erior,  on  the  St.  Mary's 
Eiver,  were  referre<l  to  the  Ciiazy  formation  by  Sir  W.  E.  Logan.  Dr. 
T.  S.  Hunt  calls  this  view  a  speculation,  which  wae  shown  to  be  unten- 
able by  the  establishment  of  the  Potsd.am  age  of  the  HandHtones  over- 
lying the  quartzites  of  Wiaconsin  and  in  northern  Michigan,  where 
Jtoniinger  fluds  the  upper  sandstone  to  be  overlaid  by  Calciferous-Chazy 
beds." 

Tlr-  Eastern  sandstone,  or  that  between  the  Keweeuaw  Itidgo  and 
eastward  along  the  sontli  shore  of  Lake  Superior,  is  well  described  by 
Dr.  K.  D.  Irving  iu  his  account  of  the  copper-bearing  rocks  of  Lake 
Superior.^  This  is  followed  by  a  description  of  the  western  sandstone, 
or  that  occurring  on  the  south  shore  of  the  bike,  west  of  Keweenaw 
Point.  An  abstract  of  this  report  also  appeared  iu  the  third  annual 
report  of  the  U.  S.  Geological  Survey,  I8S3,  pp.  8it-188. 

In  an  article  on  the  age  of  tbe  rocks  st  the  northern  shore  of  Lake 
Superior  Dr.  A,  It.  C.  Selwyn  states  that  lie  considers  the  trap  and 
sandstone  to  be  of  I^owcr  Cambrian  age.  He  calls  them  all  Lower 
('ambrian,  which  includes  Potsdam  and  Primordial  Silurian.     H<i  holds 


Wb™ni.ln.    a«ol.  Wi>K.*irT.ori8n-'T».™l. 

•op.flit..i'|..a((7-3io. 

>Uk<.'f;.ii..i1orS«iidst<>D«.    o™i 

.  Wi«c  Snrv.  of  W7J-1»79.  vo],  3.  im.  pp.  SM-Sn 

•  Much  on  t)ie  j,'roloEy  at  tbe  li'nn 

nnit  en|i|mr  dlntriots  or  Uko  »ri]ivri<>r.    Ciun 

niiii..v.d.7,i(wi,p.«). 

..1...    An,.  !>.«.  MInlnR  Kn^.  Tmi,«.,  vuLS.  188. 

•  Tl>«  (l»<ili>jEy  of  Laku  Siijmrinr. 

H«™re,vol,l,mi>n.|..211.. 

•  D.  8.  Uwl.  Sor™)-.  U.»u>i:nH>li,  v. 

Di.a,iBa3,pp.33ija5. 
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that  tlicro  is  at  preRent  no  evidenco  whatever  on  the  north  shore  of  Lake 
Superior  of  their  holding  any  other  place  in  the  geological  series.' 

Tliis  view  of  Dr.  Selwyn's  wiis  concurred  in  by  Prof.  J.  D.  Whitney, 
who  stated  it  to  be  the  opinion  held  by  Messrs.  Foster  and  Whitney 
thirty  years  previously.* 

Dr.  Irving  took  exception  to  the  statement  made  by  Dr.  Selwyn  that 
there  is  no  evidence  whatever  of  the  rocks  holding  any  other  place  in 
the  geological  series  than  that  including  the  Potsdam  and  Primordial 
Silurian,  and  stated: 

(1)  That  the  copper-beariii|v  rocks  nnderlie  nnconformalily,  and  with  an  iminenw 
iiiiconforiiiity,  a  series  of  saudBtoncs  holding  Cambrian  fossils.  *  *  •  (2)  That 
tho  copper-boaring  strata  also  iindorlio  unconfoimably  the  "eastern  sandstone'*  of 
the  Houth  shore  of  the  eastern  half  of  Lake  Superior.  •  •  •  (3)  That  the  time- 
gap  between  the  copper-bearing  series  and  the  Huronian  was  too  long  to  allow  of 
our  classing  tbein  together.^ 

The  view  of  Messrs.  Selwyn  and  Whitney  was  also  opposed  by  Dr. 
T.  S.  Hunt,  who  referred  the  basal  sandstone  to  a  pre-Cambriau  group.* 

In  a  note  on  Dr.  Selwyn's  paper,  Prof.  N".  H.  Winchell  concurs  with 
hiiu  in  the  sweeping  affirmation  that  there  is  at  present  no  evidence 
whatever  of  their  (i.  e.,  the  copper-bearing  rocks)  holding  any  other  place 
in  the  geological  series  than  that  of  the  Potsdam  or  Primordial  Silurian. 
'^  1  wouhl  also  add  that  there  is  incoutestible  evidence  that  tbey  can  hold 
no  otlicr.^^^ 

ill  opposition  to  the  view  of  Prof.  Winchell,  Prof,  Chamberlin  stateil 
the  evi(li*ucc  upon  which  the  preCambrian  age  of  the  copper-bearing 
scries  of  Lake  Superior  is  ba>sed.  Jt  is  (1)  the  general  stratigraphieal 
rcljitioii  indicat(Ml.  This  lie  considers  to  be  the  weakest  of  all.  (-) 
Dinorenccs  in  tlu(!kness ;  (3)  ditlVrences  in  constitntion  ;  (4)  unconform- 
ity ;  (r))  the  inht^rcnt  inconsistency  of  the  view;  ((J)  the  dynamic  sini- 
j)li<'ity  of  the  view;  (7)  the  discovery  ofa  like  series  in  the  Grand  Canon 
of  the  Colorado.® 

Shortly  after  IMof.  Chanibcrlin's  i)aper,  Dr.  M.  E.  Wadsworth  pub- 
li.sh<Ml  an  arli<'U'.  on  the  relations  of  the  Keweenawan  series  to  the  East- 
ern siunlstones.  Ills  observations  diil'er  from  those  of  Dr.  Irving  ami 
lie  chiiins  that  the  Keweenawan  sc^ries  lias  no  existence  distinct  from  or 
older  tlian  the  sandstone  oi'  Potsdam  age.  In  speaking  of  his  observa- 
tions he  says,  ♦•'  These  observations  also  ]>rove  at  the  birthplace  of  the 
K(»vveena\van  series,  that  formation  and  the  Eastern  sandstone  were 
one  ;ni(l  the  sjini(»."" 

The  paper  of  Dr.  Wadsworth  was  followed  shortly  after  by  one  of 
Mc^^srs.  Whitney  and  Wadsworth  on  the ''Azoic  system  and  its  pro- 


'.\::i*  of  tlio  riiikf4  nil  Tin-  ninth. "Tmi  slinn*  of  I.:ik«'  Sn]»  rior.     St'i«»T)<'o,  vol.  1,  lfW3,  pp.  11,231. 
■'(ii'olii:f\  III"  Lak«  SnjMMi*)!'.     Scii-in'i',  vol.  1    iSWi,  p.  3',». 

''Tin.  I  oppiT  iM-uiiii::  rork.-,  of  Ljikc  SiiiM'iior.     S.-ii-nco.  vol.  1.  18<J.  pp.140,  Ul,  850,  300.  422. 
*'Ilii'  (;.'ol.ii.'y  of  L:jki-  Sujurior.     Siii-iicc.  vol.  1.  ix.^'::.  pp.  218,  219. 
'■'i'hi'  Luke  Supi'iinr  Ilorks.     Si  i«Min'.  vol.  1.  \r<!<'.\,  ]t.  [VM. 

♦•Til.'  roppi  r  iM-aiiii;;  •*t'ru<  of  L:ike  Siip.-rior.     Srii'ii.-r,  \ol.  I.  ISKS.  pp.  45:M5r>. 

'On  till' n-lation  111  thr  ♦•  Ki'wioii.iwari  s.-i  h"* '"  to  tin-  Kastiin  Kniulftoiir  in  tlio  vicinity  of  Torch 
Lnlir,  Miflii^.in.     lioslou  Sm\N.vV.A\\N\.Vim-..MA.'i.\V\^v.\,v.\~^. 
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IK)Bed  sabdivifiions."  This  contailks  a  critioal  review  of  the  published 
papers  upon  the  age  of  the  copper-bearing  rocks  of  Michigau,  Wisconsin, 
and  Canada.^ 

In  their  observations  on  the  junction  between  the  Eastern  sandstone 
and  the  Keweenaw  series  Messrs.  Irving  and  Ohamberlin  published  a 
map  of  Keweenaw  Point,  showing  the  distribution  of  tlio  Easteni  sand- 
stone to  be  confined  to  the  southeastern  side  of  the  point,  the  northern 
and  northwestern  sides  being  formed  of  the  Keweenaw  scries.'  They 
discuss  the  views  hekl  by  Messrs.  Jiickson,  Foster  and  Whitney,  Agas- 
siz,  Bomingcr,  and  Gre<lner  upon  the  stratigraphic  position  in  the  geo- 
logic series  of  the  Eastern  sandstone  and  the  sandstones  of  the  Kewee- 
nawan  series ;  and  give  also  a  detailed  account  of  the  contact  between 
the  sandstone  and  the  Keweenaw  rocks. 

MISSOURI. 

The  first  notice  we  have  of  a  sandstone  about  the  Ozark  Mountains  of 
southciistern  Missouri  is  by  Dr.  Edwin  James  in  1822,  who  called  atten- 
tion to  an  inclined  sandstone,  like  that  of  the  Alleghany  Mountains, 
between  which  aiul  the  granite  there  intervened  a  stratum  of  clay 
slate  highly  inclined  and  resembling  the  primitive  clay  slate  of  New 
Ki>ghind.^ 

This  was  followed  twon  ty-nineyears  later  by  a  sketch  of  the  geologj'  of 
the  State  of  Missouri,  in  which  Mr.  II.  King  describes  what  he  calls  the 
second  magnesian  limestone.  Beneath  this  is  a  sandstone  which  he 
was  inclined  to  correlate  with  the  Potsdam  sandst^)ne  of  New  York. 
The  presence^,  however,  of  Lituites,  Euomphalus,  IMourotomaria,  Nat- 
ica?  was  opposed  to  this  view,  but  the  stratigraphic  and  lithologic 
evidence  sustains  the  correlation.  In  order  to  ox[>hun  the  presence  of 
the  fossils  he  suggests  that  *Mhis  may  be  an  independent  formation 
not  represented  in  New  York  or  elsewhere,  and  yet  nearly  contemporary 
with  the  first  evidences  of  organic  existence  there  and  to  be  associated 
with  them  in  the  same  geological  epoch."^ 

The  work  of  the  first  j\lissouri  survey  proved  the  presence  of  four 
magnesian  limestones  with  a  belt  of  sandstone  between  the  third  and 
the  fourth,  the  fourth  limestone  forming  the  base  of  the  scries.  Prof. 
G.  C  Swallow  describes  the  third  sandstone,  above  the  fourth  magne- 
sian limestone,  as  a  white  saccharoidal  sandstone,  made  up  of  slightly 
cohering  transparent  globular  and  angular  ])articles  of  silex.  It  is  as- 
signed a  thickness  of  30  feet,  and  owing  to  its  ])osition  below  the  third 
magnesian  limestone  is  considered  at  least  as  old  as  the  (^alciferous 
sandrock,  and  there  is  great  probability  tliat  it  may  prove  to  be  beneath 


*  Tliu  Azoic  Bystein  and  Ita  propoHe4l  siilMlivUions.  Uarvanl  Mii8.  Coiiii».  Zool.  Itall.,  voL  7, 1884,  pp. 
482-498. 

'ObsttrvaiioDB  on  tho  junction  between  the  Eatitrm  RainlBtono and  tlio  Kewoonaw  serioa  on  Keweenaw 
Point,  Lake  Snpriiur.     U.  S.  Guol.  Siirv.  Hull.,  No.  1!3,  li^S,  pi.  i. 

■Geological  BketchoH  of  tho  MindiHaippi  Vullt'.y.    IMiil.  Acad.  Soi.,Juiir.,  vol.  2,  1822,  p.  32A. 

'Some  remarkB  on  the  goology  of  tlie  SUkUt  of  MiMA(»uri.    Am.  Ahmc.  Vc^^c,  no\.^^  Yi>^\^vd.\^A^V 
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tbc  Potsdam  sandstone.^  In  a  footnote  on  page  120  it  is  said  that 
since  the  report  was  written  Mr.  Meek  discovered  a  trilobite  in  the  third 
magncsian  limestone,  which  he  and  Dr.  B.  F.  Shumard  considered 
identical  with  one  from  the  Potsdam  sandstone  of  the  Northwest.  In 
the  tabulation  of  the  strata  as  determine<l  in  Missouri  both  the  third 
sandstone,  and  the  fourth  maguesian  limestone  are  included  under  Gal- 
ciferous  sandrock.^ 

When  speaking  of  the  geological  map  and  the  section  of  the  rocks  of 
Missouri,  prepared  prior  to  18G1,  Prof.  G.  G.  Swallow  states  that  the 
Potsdam  sandstone  rests  unconforuiably  upon  the  Azoic  stratified 
slates  of  Missouri.^ 

The  ]>resence  of  the  third  sandstone  and  the  fourth  magnesian  lime- 
stone is  noted  by  Mr.  F.  B.  Meek  in  Morgan  and  Miller  Goanties.  In 
Miller  Gonnty  the  two  formations  h<ave  a  thickness  of  33  feet  and  iu  Mor- 
gan County  the  third  sandstone  varies  from  15  to  30  feet.  The  fourth 
maguesian  limestone  is  iissigned  a  thickness  of  150  feet/ 

On  the  map  of  Madison  County,  prepared  by  Messrs.  G.  J.  Norwood 
andO.  C.  Broadhead,  the  geographic  distribution  of  the  rocks  referred 
to  the  Cambrian  and  pre-Cambrian  is  delineated. ' 

Below  tlie  third  magnesian  limestone  in  Madison,  St.  Francois,  and 
Iron  Couuties,  Prof.  G.  G.  Broadhead  found  siliceous  or  gritstone  beds 
with  intercalated  magnesian  limestones  and  subjacent  to  these  are  mar- 
ble beds,  beneath  which  occur  sandstones,  conglomerates,  and  shales. 
These  are  numbered  one,  two,  and  three,  respectively.  In  No.  3,  beneath 
the  third  maguesian  limestone,  LinfjuleUa  lambornij  Meek  occurs.  On 
the  St.  Francois  Kiver,  in  Madison  County,  the  lower  unaltercnl  sand- 
stones rest  directly  on  the  granite." 

At  a  deei)  ^^'^^^^^  «^^  ^^*c  St.  Louis  County  Insane  Asylum  the  following,' 
section  is  referred  to  as  beneath  the  third  magnesian  limestone: 

11.  1)8  feet  of  third  sandstone. 

V2,  [\Si  feet  of  fourth  magnesian  limestone. 

1.'5.  51  feet  of  Potsdam  sandstone. 

14.  L*15'l  feet,  mostly  graniti^  although  a  portion  of  the  upiwr 

l^art  may  be  sandstone, 

15.  40  ieet  of  granite."^ 

A  more  detaih'd  account  of  the  strata  beneath  the  third  magnesian 
limestone  is  given  on  pages  352-.'557.  The  fossil iferous  bed  is  separated 
as  a  '*  Lingulagrit."     In  this  tliere  were  observed  LinguleUa  lamltorn^ 


'  r;iiilo;;y  III'   MiHNouri.    Slliirl.iii  System.     (Iim>1.  Snrv.    Mi»s(iiiri:  IM  and  2d  ann.  leptA  ,  ftart  1, 
I.-.M,  pp.  I-JP.  !•_".». 

*<>p.  ril..  ]>ls.  lM>tWii'ii  \\\i.  no  juifl  fil. 

■  l^iiiaiks  till  tin*  (M'i.l«i::i<'al  Maiiainl  SiM'tion  of  tho  nirkmif  Misi»onr5.     Ain.Nnt-..'vo].  !^  1871,  p.  Ml. 

*  Ki  ■poit«4  (HI  till'  i;iMiI.i::u  .«!  siii\  i«y  of  f  ln«  Shil*-  dl'  MiHsomi.  isr^  1H71, 1873,  pp.  127, 149. 

''Ail:is  :i(<-uiii[i:iii\iiiir  <icciliiu'i<'nl  Siiivi'y  of  iMissoiiii,   Jit-port,  inrhidiui;  field  work  of   1873-1874, 
vol.  1.     .Irtl.  i-,oii  City,  l-Tl. 

'O/i.  cil  .  p.  :{|. 
'/>p.ril  ,p..:!2. 
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Ortbocerae,  ft  gasteropod,  and  a  form  resembling  a  cross-section  of  a 
coral  of  the  genas  Zaphrentis. 

In  a  description  of  the  sontheast  Missouri  lead  district  Prof.  Broa<l- 
head  gives  a  r6sam6  of  the  geology,  and  suggests  tliat  if  the  lAngula 
{Lingulella)  lambarni  and  Scolithus  should  be  found  in  the  Calciferous 
group  he  would  prefer  to  assign  all  the  rocks  from  the  lower  sandstone 
to  No.  1,  inclusive,  as  Calciferous.^  The  marble  of  southeastern  Mis- 
souri was  referred  in  1882  by  Prof.  13roadhead  to  the  older  series  or 
Potsdam,  and  the  upper  series  to  the  Upper  Silurian,  with  the  state- 
ment that  Potsdam  quarries  are  found  in  Madison,  Iron,  and  Keynolds 
counties.  The  marble  beds  will  be  spoken  of  in  the  summary  of  the 
Cambrian  rocks  of  Missouri.' 

In  a  paper  upon  "The  Geological  History  of  the  Ozark  Uplift"  Prof. 
G.  C.  Broadhead  describes,  in  1889/  in  a  genentl  way  rocks  referred  to 
the  Potsdam  and  the  Calciferous  formations.    Of  these  ho  says : 

Tlic  evidence  is  that  the  flandstouea  and  niagneHian  liuiostoncs  (PotHdaiii  and  Cal- 
ciferous) were  deposited  in  Archuaa  valleys  of  crosiou,  for  tboy  generally  repose 
nearly  horizontaUy,  or  with  slight  inclination,  upon  the  Arclieau/ 

EASTERN  liOKDEK  OK  ADIRONDACK  SUBPROVINCB. 

This  includes  the  area  about  the  Adirondack  Mountains  of  New 
York  and  the  adjoining  portions  of  Canada  to  the  north. 

In  a  report  of  the  geological  structure  of  the  county  of  Saratoga, 
Mr.  J.  II.  (Steele  states  that  a  conglomerated  mass  of  rock  is  i'ound  in 
the  town  of  Greenfield  not  far  from  its  south  line,  on  the  southeast  side 
of  the  Kayadarosseras  Mountains,  resting  upon  the  primitive  rocks. 
Ue  says : 

It  consists  of  ronndod  pebbles  of  (|iiartz,  from  the  size  of  a  sniall  shot  to  that  of  a 
raan's  head,  united  into  one  common  mass  by  a  kind  of  coarso  ferra^inoua  Hand.  It 
extcndH  along  the  mountains  to  no  ^nrat  distance,  but  fra^^inonts  of  it  lay  scatt-c'red 
in  all  directions,  and,  in<loed,  are  found  alon^;  the  wholo  cxtout  of  the  south  line  of 
the  town  of  Grooniield,  and  in  various  other  pUcus.'* 

Under  the  heading  of  "  Coarse  Siliceous  sandstone"  a  description  is 
given  of  an  extended  horizontal  stratum  along  the  west  part  of  the 
north  line  of  the  town  of  Saratoga  Springs,  and  some  way  into  the  town 
of  Greenfield : 

It  is  a  coarse,  hard  rock,  rcisombling  coinnion  quartz  in  its  fracture,  but  it  is  more 
loose  and  granular  in  its  structure.  It  is  of  a  white  color,  and  when  heated  and 
thrown  into  water,  crumbles  into  a  tim*  white  sand.  ^  *  "  I  have  been  somewhat 
at  a  loss  to  know  where  to  place  this  formation,  but  from  several  circumstances  I  am 
contident  it  should  be  placed  among  the  oldest  of  the  transition  class.''' 


'The  SoiitheaHtcm  MiHHouri  h-ail  diHtrirt.     Am.  Inst.  Mining.  Knj;.,  TrniiH.,  vol.  n,  1k77,  p.  102. 
'  Mui-blo  of  Hoiil  hotiM  Mi.fMiMiri.     Kuiiauh  City  liuviow,  vol.  r>.  1882,  pp.  5l!4  .ViO. 
^  Am.  Ge4i1o^i8t,  vol.  :i,  lA'^O,  pp.  fi  ]:{. 
^  Op.  oil.,  p.  8. 

'■  A  n>iK»rt<»f  lliH goolojrir.il  rttniftint^  of  tin*  (MMinty  of  Saruto;;.!.    Mnnoln*  of  the  ItOfiril  of  A^ricul- 
tun*  of  thi-  Stato  of  New  York,  vol.  'i,  IK'A  p.  M. 
*0p.  cit,  p.  54. 
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A  description  is  also  given  of  a  Galcareoas  sandstone  as  it  oocnrs 
on  the  west  side  of  tbe  Kayadarosseras  Mountains.^  The  sandstone 
referred  to  by  Mr.  Steele,  and  also  the  lower  portion  of  the  Galcareoas 
sandstone,  are  now  known  to  be  of  Upper  Cambrian  age. 

Various  references  are  made  by  Prof.  Amos  Eaton  to  the  Galciferons 
sandrock  (or  Transition  sandrock)  as  examined  by  him  in  tbe  valley  of 
the  Mohawk.  lie  also  says :  ^'  Perhaps  the  Transition  sandstone  of  the 
Green  Mountain  series  may  not  be  connected  with  that  of  the  Macomb 
Mountain  series.'^^  Most  of  Prof.  Eaton's  references  to  this  formaiioii 
are  very  indefinite,  and  he  included  it  with  the  Galciferons  sandrocki  as 
exposed  at  Little  Falls  in  the  valley  of  the  Mohawk.  That  he  was 
aware  of  its  stratigrapliic  position  is  shown  b^'  the  comparisons  made 
between  the  Transition  sandstone  of  the  Green  Mountains  and  that  of 
the  Macomb  Mountains,  the  latter  now  being  known  as  the  Adiron- 
dacks. 

The  attention  of  Mr.  J.  II.  Steele  was  called  to  the  oolitic  formation 
alK)ut  2  miles  from  the  village  of  Saratoga  Springs.  He  described  the 
occurrence  of  great  quantities  of  ciilcareous  concretions  of  a  most  singular 
structure ;  they  are  mostly  hemispherical,  but  many  of  them  are  globular 
and  vary  in  size  from  half  an  inch  to  that  of  2  feet  in  diameter ;  they  are 
obviously  composed  of  a  series  of  successive  layers,  nearly  parallel  and 
l)erfectly  concentric,  etc.'^  This  is  the  first  notice  of  a  fossil  that  was 
subsequently  describiul  by  Prof.  Janu's  Hall  as  Vrypiozoon proUfemm.* 
It  occurs  in  layers  in  which  the  Upi)er  Cambrian  or  Dikelocephahis 
fauna  is  found  a  few  miles  west  of  Saratoga  8i)rings. 

In  the  first  annual  report  of  the  geological  survey  of  New  York 
Dr.  Hniinons  mentions  a  sandstone  resting  on  tlie  primitive  rocks  both 
on  the  LakeClianii)liiin  side  of  the  Adirondack  Mountains,  at  Whitehall, 
an<l  on  the  western  side,  in  the  vicinity  of  Theresa,  on  the  Indian  Kiver.'' 
In  this  preliminary  paper  the  Oalciferons  sandrock  of  Prof.  Eaton  ami 
the  subjacent  sainlstone  are  not  clearly  diflerentiated.  In  the  si*cond 
report,  however,  he  separated  the  sandstone  as  the  *' sandstone  of  Pots- 
dam.'^*'    His  description  of  the  rock  is  as  follows: 

]  hIimII  not  <Mit(;r  upon  itH  ^(>oIni;ii':il  relations  any  fiirtlior  than  t-o  state  that  in 
INilHiliun  .-mil  other  towns  in  wliicli  it  aiipoarri  it  nnlfurnily  T08t«  on  tlio  primary 
Htrata;  an<l  in  no  part  tiftlio  connty  in  tlnTo  any  rock  wliicli  mtrrposos  it>fk*ir  between 
it  antl  tlin  rriniary,  so  tliat  it  ap]M\'irs  Ikto  as  tlio  oldest  rc])ro.sentativo  of  the  transi- 
tion 8(^rie.s.  Tin)  identification  oT  this  rock  with  tho  sandstonca  along  the  southern 
holder  of  Lake  Ont.iiio  will  h(;  a  matter  ot'sonie  dilhcnlty.     It  is  goologicaUy  below 

"Op.  cit.,1).  56. 

*  A  ;:iuliii:ii;d  and  uciicidtiiral  survo\  f>f  the  diHtrict  mljuiiilnc  tlio  Erie  (^Anal,  1824,  p.  78. 

'A  ili-siTiption  (»l  the  unlitii'  tVtrrii.itiDii  lately  discoveml  in  tlu'oonntv  of  SaratOj|;a  audStateof  New 
Vin  k.     A  III.. I  Dili'.  Sri.,  vol. !»,  1S2;',  \\.  17. 

'Crvjitn/uon.  n.c..<'rypt07.oon  lunliferiiin,  n.  Hp.  Drseiiptirm  of  IM.  vi,  36th  Ann. Keji.N.  Y.Stato 
MiiH.  N;it.  n !-.!..  1K>4. 

*I"ii-t  Hiiiiiiid  r«']>oit  of  thi>  Hooond  Keolojxical  dintrlrt  of  Nrw  York.  FirHt  annual  rojMft  of  the 
giMdii;:icul  Htiivey  uf  NfW  Vnrk.     Alhsiny,  IKIT,  pji.  hHI.  IU7. 

'' Ki  pfirt  ot  the  <:<Milo^lHt  ol' tht>  Keroiul  ^i-fil(i;;ii>:i]  diHtiiet  ul' >ie\v  Vurk.  Second  annual  report  of 
tho  iit'u\o'^'uh\  uiirvei  of  New  Yuik.     AW^aus , \K".;k, \\.  'i 1 1. 
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the  traasitlon  limestone  anil  never  in  the  northern  district  alternates  with  it,  hnt 
always  holds  the  relation  of  an  inferior  rock.* 

This  rock  is  a  true  sandstone,  of  red,  yellowish  red,  gray,  and  grayish  white 
colors.  It  is  made  np  of  grains  of  saud  and  held  together  without  a  cement.  Inter- 
mixed with  the  siliceous  grains  are  finer  particles  of  a  yellowish  feldspar,  which  do 
not  essentially  change  the  character  of  the  sandstone,  hut  they  stiow  the  prohahle 
source  from  which  materials  forming  it  were  originally  deriyed,  viz,  somoof  tho  vari- 
eties of  granite.  Unlike,  however,  most  of  the  sandstones,  it  is  destitute  of  scales  of 
mien.  Tho  coloriug  matter  of  the  rock  is  evidently  oxide  of  iron,  but  unequally 
ditTiiKod  through  it,  giving  it  intensity  or  deepness  of  color  in  proportion  to  its  quan- 
tity. In  some  places  it  is  almost  wanting,  which  makes  it,  when  pulverized,  a  good 
material  fot  glass.  The  grains  and  particles  in  its  composition  are  generally  augular, 
but  where  it  takes  the  character  of  a  conglomerate,  as  it  does  iu  the  inferior  layers, 
they  are  frequently  rounded.  The  thicker  strata  exhibit  an  obscurely  striped  appear- 
ance, owing  to  prevalence  of  certain  colors  in  the  different  layers.' 

Iu  the  description  of  the  saudstone  on  the  Lake  Champlain  side  in 
Essex  County  it  is  said  : 

This  I  consider  the  same  formation  I  have  described  under  the  name  of  the  "Pots- 
dam fljiiidstone.''  Its  position  is  evidently  beneath  the  Trausition  limestone  and  Calcif- 
erouB  sandrock.  It  is  very  deficient  in  organic  relics,  though  not  entirely  destitute 
of  them.  It  is  nnueocssary  to  repeat  what  has  already  been  said  of  this  rock ;  it  is 
purely  quartzose  or  siliceous  in  its  composition  and  finely  stratified.  It  dips  to  the 
northeast  at  Port  Kent,  at  an  angle  varying  from  5°  to  10^.  The  places  where  it 
occurs  along  Lake  Champlain  are  indicated  on  the  map  of  a  part  of  this  county,  to 
which  I  refer  the  reader.  This  rock  at  Keeseville  has  been  rent  in  the  most  remark- 
able manner;  several  fissures,  the  principal  one  of  which  extends  nearly  a  mile,  and 
through  which  the  An  Sable  flows,  have  been  opened  by  some  convulsion  in  uatnre  to 
the  depth  iu  some  pla  es  of  100  feet,  and  from  5  to  20  feet  wide.  Near  tho  bott-om  of  the 
fisHure  at  the  High  Hridgc,  as  it  is  called,  I  discovered  numerous  specimens  of  a  small 
bivalve  mollusca,  a  Lingula.  I  fouud  also,  on  examination,  tliat  the  same  fossil  oc- 
curnvl  through  an  extent  of  s<?vcnty  feet  at  least,  and  so  far  as  I  could  discover  it  was 
the  only  fossil  inclosed  in  the  rock.  It  is  extremely  thin  and  dulicato,  yet  the  shell 
Ih  perfectly  preserved,  and  is  probably  one  of  the  oldest  inhabitants  of  the  gl<d)e,  as 
th(^  rock  in  which  they  occur  is  the  oldest  of  the  transition  suries.' 

In  the  second  annnal  report  of  the  paleontological  department  of  the 
New  Vork  survey  Prof.  T.  A.  Conrad  tabulated  the  formations  td  show 
the  order  of  superposition  and  some  characteristic  fossils  in  the  tran- 
sition strata.  On  the  primary  occurs  No.  1,  formed  of  variegated  sand- 
stones (Potsdam  sandstone  of  Emmons),  and  the  olive  sandstones  and 
slates,  characterized  by  Fiicoiden  serra.  These  are  classified  under  the 
Cambrian  system  of  Prof.  Sedgwick. 

Tlie  base  of  tlie  Lower  Silurian  is  a  grfiy  calcareous  sandstone,  char- 
acterized by  Lingula  acuminata.    Tliis  part  of  his  table  is  as  follows:* 

LOWKU  SILURIAN   STRATA. 

Gray  calcareous  sandstone Lingula  acuminata 


« op.  tit.,  p.  214. 
»Oi>.ciU,i>.215. 
"Op.  rlt.,i».230. 

*  S<'C4ind  annnal  report  of  lli«'  palmiiitnln^iral  ilopartnicnt  of  tbo  nurvoy.    Third  aiiuiiai  report  of  the 
Keolof^ical  surrey  uf  Ni?w  York.     All»;iuy,  \Kid,  p.  03. 


204  THE    CAMBRIAN.  IbullBL 


CAMRKIAN  AYSTEM  (SKDOWICK). 

Olivo  BATKlHtnne  niul  nlatc FiteoiiM  aerra  (Brong.) 

iited  tuiudstone  (Potsdam  sandHtouc  of  Enimuns) DietuoUte$  radiant 


,    J  Olivo  BH 
I  Varic»ga 


A  (lescrlptiou  of  the  p^cogniphic  distribution  of  the  Potsdam  sand- 
stone in  Clinton  County  is  given  by  Dr.  Emmons  in  the  third  annual 
report  of  the  .New  York  State  survey.  He  also  describes  its  strati- 
graphic  character  and  appearance,  and  states  that  at  Flat  Bock  the 
sandstone  is  more  or  less  a  conglomerate  and  coarser  than  at  Potsdam 
or  Keeseville.* 

A  description  of  the  Potsdam  sandstone  as  it  occurs  on  the^western 
side  of  the  Adirondacks,  in  Jefferson  County,  is  given  by  Dr.  Emmons 
in  his  fourth  annual  report,  as  follows  :* 

Lyin^  uncoil  form  ably  upon  the  primary  in  the  Potsdam  sandstone.  It  is  thcre- 
forr  next  in  the  aeries.  It  is  a  iiruior  roek,  more  crystaUinei  and  loss  porons  than 
the  Hanie  rock  in  St.  Lawrence,  and  especially  that  belonging  to  Potadam. 

The  only  fossil  found  in  it  was  a  small  linguloid  shell  called  Ltngula 
ova  fa? 

The  presence  of  the  Potsdam  sandstone  in  Lewis  County  is  noted  by 
Mr.  Lardner  Vanuxem,  who  states  that  the  sandstone  appears  in  the 
northeasti^ru  part  of  the  county  in  low  ridges,  with  all  the  characteristics 
given  by  Prof.  Emmons,  in  whose  district  it  is  an  extensive  rock.* 

The  Potsdam  sandstone  as  it  occurs  in  Washington  County,  upon 
the  eastern  side  of  the  mountains,  is  described  by  Dr.  W.  W.  Mather  as 

a  hanl,  HJIiceous  Haiulstone,  wliite,  rod,  gray,  yellowish,  and  frequently  striped.'  It 
irt  well  developed  at  Whitehall,  where  it  h:ih  a  thickness  of  ir>0  to  200 feet.  It  extends 
lip  the  vaMey  of  \Voo<l  Cn;ek  in  a  Hoiithrrly  direction  by  Conistock's  Landing,  1  mile 
east,  of  Fort  Ann,  and  so  on  farther  south,  diinini.shiu*;  in  thickness  and  bueoniiiif: 
intiTlaniinatrd  with  liner-grainrd  strat:i  of  ^rits.  slate.H,  and  shales.  Some  of  t lie 
strata  (►f  this  rock  arc  covered  with  the  most  beautifnlly  characterized  ripple-nla^k^, 
as  perfect  as  if  Just  fornu'd  on  the  san<l  of  a  sea  beach,  while  the  rock  is  of  the  must 
indnrated  kind  of  Handstont;. ' 

The  only  fossils  noticed  were  fiicoiilal  impressions. 

The  ^0()<^^rai)hic  distribution  of  the  Potsdam  sandstone  about  the  Adi- 
rondacks is  shown  on  tlie  map  of  1844  tiiat  accompanies  the  fiual  report 
of  tlie  State  ^eolo'^ists  of  New  York.  On  a  geological  map  of  the  Mid- 
dle and  Western  States  by  Prof.  »iames  Ilall*^  the  main  geographic  dis- 
tribution is  iiidirated  and  a  small  area  on  the  southern  side  of  the  Wis- 
consin River  in  Wisconsin  is  the  same  tint  as  the  J'otsdam  area  of  New 
Voik 

>  Thiiil  iiiinii.'d  r(«iH)it  or"  tin-  siTornl  m  olo;;i(;il  ilistrict.  Third  aimual  rnport  of  tlio  j;eolo;iical  8:ir* 
vry  nr  Niw  Ymk,  IKW.  yy.  'l\i\,  'IWL 

■''FiMirtli  annual  n'iM)rt  (•itln*  rtiiivoy  oft  Ik-  si'rninl  m-ulo^iiMl  di-ttrict  of  Now  York.  Fi>nrth  anmiiil 
niMJii  of  I  III   ;:coli»ji«"il  .-'iirvoN  of  N'l-w  York  .     Alli.niy,  1K40,  p.  1)22. 

'<  ►p.  fit..  II  '.VIA. 

'Fnuifli  aiiniiiil  n-port  oftlu'  .:iM)|i»:;i«;il  siirvi-y  of  llif  :!il  di-itrirt.  Fourth  llftport  Ol'tho  Gcolojn***! 
Siirvr\  lit  New  York.     Alhaiiy,  1H40,  pp.  :{r;:i.  ;;»",K. 

"Fifth  .tnriiial  n  i»iu(  on  Ihr  :r«'«i]«iuiial  •Jinvi'v  of  I  hi-  1st  ::iM>h»jir:il  di-itrh't.  Fifth  Annnill  Kcport  i»f 
th<  (iMilo^ii-nl  Sm  \i-y  of  Nfw  York,  IHll.  p.  J()2. 

^(ri'o/n^fieal  i/ia|)  of  th«'  MiiUlU*  and  Wi>-%|i  rn  Slali-<=i  (ind.ol  N't  w  Yoik.  Koport  on  t hn  Fuurth 
il»Mil  distiict,  Alliiiiy.  IW.t. 
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In  a  tabulation  of  the  Lower  Silarian  strata  of  the  State  of  New  York, 
published  in  1842,  Prot  T.  A.  Conrad  states  that  the  Cambrian  system 
has  proved  to  be  the  Lower  Silurian,  and  he  places  the  Potsdam  sand- 
stone at  the  base  of  the  latter  system,  beneath  the  Calciferous  sand- 
stone.^ 

The  final  report  of  the  geology  of  the  second  geological  district  con- 
tains asummary  by  Dr.  Emmons  of  the  characters  of  the  Potsdam  sand- 
stone as  fouud  in  the  counties  of  Warren,  Essex,  Clinton,  Franklin,  St. 
Jjawrence,  and  Jefferson,  and  also  gives  details  of  the  formation  as 
fouud  in  each  county.'  A  description  of  the  formation  in  detail  and 
also  a  general  descriptive  summary  of  the  formation  is  given  by  Mr. 
Lardner  Vanuxem  as  it  occurs  in  his  district,^  and  Dr.  W.  W.  Mather 
describes  it  as  it  occurs  in  Washington  County  and  in  Saratoga  County.^ 
l^rof.  James  Hall  describes  it*  concisely  in  an  account  of  the  rocks  of 
Now  York  State.  In  its  geographic  distribution  the  rock  is  known  in 
Canada,  on  Lake  Superior,  and,  from  its  x)ositiou,  it  is  ]>robably  the 
same  that  appears  on  the  Mississippi-  River  mentioned  by  Dr.  Owen  in 
the  rei>ort  on  the  lead  region  of  the  northwest.^  He  also  identities  it 
with  No.  1  of  the  Pennsylvania  survey,  or  a  sandstoue  extending  through 
New  Jersey,  Pennsylvania,  and  Virginia.® 

In  the  account  of  his  travels  in  North  America  Sir  Charles  Lyell  de- 
scribes the  Potsdam  sandstone  as  he  saw  it  at  An  Sable  Chasm,  near 
Keesoville,  Essex  County,  New  York,  lie  speaks  of  it  as  a  siliceous 
sandstone : 

In  many  places,  this  most  ancient  of  the  fossiliferous  rocks  of  New  York  (the  Pots- 
dam sandstone)  is  divided  into  lamina)  by  the  rcmaiUH  of  innumerable  shells  of  the 
genus  Liiigula.  They  are  in  such  profusion  as  to  form  black  soainH  like  mit-a,  for 
which  thoy  were  at  first  mistaken.  With  the  Lin^ula  occurs  another  placunoid  shell 
allied  to,  if  not  identical,  according  to  Prof.  E.  Forbes,  with  a  fossil  whicli  occurs  in 
company  with  a  small  Liugnla  in  the  lowest  beds  of  the  English  Silurian  series  at 
Bui  1th,  in  Brecknockshire.' 

A  general  account  of  the  Potsdam  sandstone  is  given  by  Dr.  E.  Em- 
mons in  the  Agriculture  of  New  York.  Jt  is  an  excellent  summary  of 
the  general  characters  of  the  formation." 

The  Potsdam  sandstone  of  Lewis  County  is  described  by  Mr.  F.  B. 
Hough  in  a  general  manner.  He  states  that  it  thins  out  to  an  unim- 
portant stratum  as  compared  with  the  formation  in  St.  Lawrence  County ; 
also  that  the  superjacent  Calciferous  saudrock  is  represented  by  only  a 

■  ObsorvatiouH  ou  the  Silurian  and  Dcvoni&n  syBteinH  of  the  United  StAtcB,  with  descriptioua  of  new 
or<;anic  remains.    Plilla.  Acad.  Sci.  Jour.,  voL  8, 1842,  pp.  220,  230. 
»  Geolo^  of  New  York,  part  2,  socond  goolopfical  (northorii)  district,  pp.  102-10.'),  177-179,  etc 
3  Gei)Iogy  of  New  York,  part  3,  thini  geological  (ociitral)  district.  Albany  1M2,  pp.  28, 29. 

*  Geology  of  Now  York  ;  geology  of  the  first  (MOuMieadtern)  dintrict.    Albany,  1843,  p.  418. 

"^  Geology  of  New  York ;  geology  of  the  fourth  (western)  geological  district    Albany,  1843,  xk  27. 

•Op.cit..p.28. 

»  Travels  in  North  America.    New  York,  1845,  vol.  2,  pp.  131, 132. 

•  Agriculture  of  New  York,  vol.  1, 1840,  pp.  117, 118. 
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tbin  layer  of  the  facoidal  sandstone.'  In  1850  he  called  attention  to 
cylindrical  masses  from  3  inches  to  15  and  20  feet  in  diameter  that  oocor 
in  the  i'otsdam  sandstone  near  Somerville,  St.  Lawrence  Goanty.* 

The  desciiptiou  and  accompauylng  figure  recall  the  Crj^tosoon  proH- 
ferum  descrilxnl  by  Prof.  Uall  from  the  Potsdam  formation  of  Saratoga 
County.  A  year  later  attention  was  again  called  by  Mr.  Hongh  to  the 
cylindrical  masses.'  They  are  described  as  vertical  cylinders  from  2 
inches  to  20  feet  and  upward  in  diameter,  and  show  a  concentric  stmo- 
ture.  Numerous  smaller  bo<lies,  not  larger  than  an  orange,  of  a  sphe- 
roidalstiucture  are  also  met  with  in  the  vicinity.  No  traces  of  organic 
life  were  observed  in  the  matrix.  It  is  evident  that  these  bodies  are 
unlike  the  Saratoga  Cryptozoon, 

A  more  extended  definition  of  the  Potsdam  sandstone  was  given  by 
I>r.  K.  Emmons  in  1850.  lie  then  included  with  it  the  lower  sandstone 
of  the  n[)per  Mississipxii  Valley,  and  No.  1  of  the  Pennsylvania  survey.* 

An  excellent  summary  of  the  existing  knowledge  of  the  Potsdam 
saiidHtone  was  given  by  Dr.  J.  J.  Bigsby  in  1S58  in  a  paper  on  the  Pa- 
Ieozoi<;  Kasin  of  the  State  of  New  York.  A  descrii)tion  is  given  of  the 
mineral  characters,  mode  of  tnansition,  stratigraphic  position,  mode  of 
occurrence,  thickness,  and  paleontologic  character.^ 

In  a  tabulation  of  the  succession  of  sedimentary  rocks  Prof.  Richard 
Owen  states  that  the  Potsdam  sandstone  of  New  York  geologists  is  con- 
sidered by  some  English  writers  as  belonging  to  a  separate  system,  the 
(Jainbrian.* 

The  presence  of  the  peculiar  cylindrical  masses  in  the  Potsdam  sand- 
stone mentioned  by  Mr.  Llough  is  also  noticed  by  Mr.  T.  G.  B.  Lloyd  in 
JeH'erson  County ,M)ut  without  any  attempt  to  explain  their  origin  or 
nature. 

In  a  note  on  the  geology  of  I*ort  Henry,  New  York,  Dr.  T.  S.  Duut 
states  that  the  Totsdani  saiulstone  and  the  basal  member  of  the  over- 
lying PaIeozoi(j  series  is  well  seen  in  a  railway  cut  near  Port  Henry. 
Tlu^  lovv<*r  bi*(lsar«  massive  and  compact,  dark  bluish  or  iron  gray,  with 
li;;liter  i>an<lsand  thin,  bhickisli,  shaly  layers.  The  only  fossils  observed 
wore  tScolithuft  linraris  and  S,  canadensis  of  the  Potsdam  of  the  Ottawa 
Hasin." 


■olirtiTviitioiiH  oil  tin*  pyol»;i.v  »f  1-i«wIm  Coiiiity,  New  York.  Am.  Jour.Sci. Hnd  AKric,  vol.5,  1^17, 
p.  'JTiJ. 

'(':ii:iliiuiit>  urniiiMTiilo^^icuI  uiul  ;:r(ili»;:ic;il  .s]ii'i'.inicim  rtMrolvufl  from  F.  B.  I(oup;h,  2d  Annual  lk«*]i. ui 
lii-;;!.-..  Uiii\.  Slali-J'.ib.  Nal.  Iliiit,  1^5l),  iip.  .TJ,  Xi. 

*<)ii  tiMM'vliiMliii-al  Htnictiin*  ob.sorvcMl   in  INitMilain  ■«an<lMt(iiio.     Am.  Asttoc  Proc.,  to1.4,  18CVI.  pp. 

:i.vj  ;{:>(. 

'Aiiicricnii  (rt'ulo^y,  cdntaiiiin;;  n  full  htad-iiutiit  of  thn  prinoipli-s  of  tlio  iJicieno(\  with  full  inu<ilra« 
lioii.ioltliiM'hurai'ftMiHlu:  AiiiiTiran  foNHilM.     Albany,  IBW!,  vol.1,  pt.2,  pp.  12it-132. 

*On  (lie  raliMi/.iiir.  I'.aMin  of  llio  Stat<-  of  Now  Voik.  Part  I.  A  Hynoplic4il  virw  of  tlio  miuonilojEicAl 
ami  foHMil  chanirltTH  of  tlio  Palro/oh-.  Htratft  of  the  Stato  of  Now  York.    (juart.Jour.  Geol.  Sue.,  Li>u- 

(lori,  vol.  u,  ik:>h,  pp.  3:<k,  :{:<9. 

*  I'lvliiiiinary  olKsorvalioim;  jjrin»ral  report  ami  di-Hrripli«in  by  rountU'R.     (I^wct  an<I  Uppor  Silu- 
rian).    (ii«olo<:ic.'il  Mr«inn:iiHHanri«or  Indiana,  niadr  in  l.'^.VJ    00.     liidiunapoliis  1862,  p.  14. 
'  iJi'iiloniral  nolrM  from  tin-  State  of  Now  York.   (>nart.  Joiir.  (Jiol.  Soc.  I^mdon,  voL  32, 1876^  pp.  78^79. 
'  'J'iitf  /;(*oIi>;;y  of  Tort  lUniry,  liuNv  Y\t\VL,    Cv^uikdvau  Nut.,  now  nor.,  vol.  lu,  1883,  p.  421. 
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A  short  notice  of  the  disoovei^  of  a  masflive  limestone  superjacent  to 
the  typical  Potsdam  sandstone  containing  species  of  the  Potsdam  fuaiia 
eqaivalent  to  the  fiftuna  of  the  upper  horizon  of  the  lower  sandstone  of 
the  Mississippi  Valley  was  made  by  Mr.  O.  D.  Walcott  in  1884.  The 
limestooe  was  origiDally  referred  to  the  Oalciferons  formation.^ 

Mention  is  made  of  the  contact  between  the  Potsdam  sandstone 
and  the  subjacent  pre-Gambrian  rocks  in  the  vicinity  of  Fort  Ann, 
Washington  County,  New  York,  by  Mr.  O.  E.  Hall.* 

A  section  of  the  Potsdam  sandstone  with  the  superjacent  limestone, 
carrying  the  Upper  Cambrian  fauna  was  published  by  Mr.  C.  D.  Wal- 
cott in  1886  accompanied  by  a  list  of  the  fossils  found  and  a  comparison 
of  them  with  the  Wisconsin  fauna  referred  to  the  Potsdam  by  Prof. 
James  Hall.' 

In  the  fifth  annual  report  of  the  State  geologist  of  New  York,  in 
some  field  notes  on  the  geology  of  the  Mohawk  Valley,  with  a  map, 
Messrs.  C.  E.  Beecher  and  C.  E.  Hall  describe  a  section  that  occurs  in  a 
cut  on  the  West  Shore  Railroad  at  <^  Little  Nose,  Randall,  Montgomery 
County,  New  York."^  In  the  woodcut  illustrating  the  section,  a  breccia 
that  occurs  unconformably  beneath  the  Calciferous  sandrock  is  stated 
to  contain  Potsdam  sandstone,  crystalline  limestone,  quartzite,  etc. 
The  evidence  upon  which  the  fragments  of  sandstone  were  identified  as 
of  Potsdam  age  is  not  given. 

In  a  paper  on  a  great  Primordial  quartzite  Prof.  N.  H.  Winchell  re- 
publishes a  description  of  the  Potsdam  sandstone  by  Dr.  Emmons  and 
correlates  the  formation  with  the  <' granular  quartz"  of  the  western 
slope  of  the  Green  Mountains  and  the  pre-Cambrian  quartzitcs  of  Wis- 
consin and  Minnesota. ' 

In  a  paper  read  before  the  Geological  Society  of  America,  at  Wiish- 
ington,D.C.,  December  31, 1800,  Messrs.  N.  S.  Sbaler  and  H.  S.  WillianiH 
described  the  presence  of  a  thin  bed  of  shale  beneath  the  Calciferous 
sandrock  and  just  above  a  thin  bed  of  sandstone  that  rests  unconform- 
ably upon  the  subjacent  pre-Paloozoic  rocks.  The  locality  is  a  quarry 
at  Little  Falls.  In  the  shale  numerous  specimens  of  Lingulepis  iicumi' 
nata  were  found.* 

CANADIAN  EXTENSION. 

In  a  report  of  progress  of  the  geological  survey  of  Canada  for  1815-'40 
Sir  W.  E.  Logan  notes  the  presence  of  a  sanUstonc  in  the  Ottawa  dis- 
trict, but  is  doubtful  whether  it  represents  the  Potsdam  sandstone,  as 


■  Potfldam  fauna  at  Saratoga,  New  York.    Science,  vol.  3, 1884,  pp.  130, 137. 

'Laurentian  Magneiio  iron  ore  doiiosiU  from  uorthern  New  York,  accoiiipaniod  by  a  f:no1o|;icaliuap 
of  Eaaez  County.    Ki'port  of  the  State  KooluKist  for  the  year  1884.    Albany,  1885,  p.  3*J. 

*iSecond  contribution  to  the  atudiea  of  the  Cambrian  funuas  of  North  America.  U.  S.  Qeol.  Survi^y, 
Bull.  No.  30, 1880.  pp.  21, 22. 

«  Fifth  Ann.  Kept  State  Qeolo^^Ht  of  N.  Y.,  for  1885.    Albany.  1886,  p.  10. 

•  A  (irreat  Primordial  QaarUite.    Am.  Gool.,  voL  1, 18tj8,  pp.  173-178. 

•Uupubliahad* 
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it  may  be  iu  the  lower  beds  of  the'  Calciferous.^  In  a  later  report  he 
uoted  Uie  preseuce  of  the  Potsdaui  saudstoue  ou  the  north  shore  uf  the 
St.  Lawrence  at  Murray's  Bay,  90  miles  below  Montreal,  describing  it 
as  a  formation  cousistiug  of  white,  translucent,  slaty  qnartz-rock  hav- 
ing an  exposed  tnickness  of  45  feet  and  conformably  subjacent  to  the 
Calciferous  saudrock.^ 

A  brief  summary  of  the  lithologic  and  paleontologic  characters  of  the 
Potsdam  sandstones  in  Canada  was  read  by  Dr.  T.  S.  Hunt  before  the 
American  Association  for  tbe  Advancement  of  Science  in  1851.^ 

In  an  extended  paper  on  the  foot-prints  occurring  in  the  Potsdam 
sandstone  of  Canada,  Sir  W.  E.  Logan  describes  the  Potsdam  sandstone 
as  it  occurs  iu  Canada  iu  the  St.  Lawrence  Valley.    He  states  that — 

The  Handstono  in  noauhnruois  County  ami  the  neighboriug  part  of  the  State  of 
New  York  is  from  tSOO  U)  700  feet  thick.  Iu  the  lower  part  it  ooutaiuH  many  beds  of 
conglomerate,  with  quartz  pebbles,  and  it  has  some  red  layers;  but  towards  the  top 
it  becomoa  a  lino-<;rainiid,  hard,  white  Kandstone,  and  at  the  summit  it  is  iuterstrati- 
lied  with  calcareous  layers,  forming  a  passage  to  the  rock  which  overlies  it.** 

The  description  of  the  extention  of  the  Potsdam  sandstone  between 
the  River  of  the  North  and  Beauharnois  was  continued  by  Sir  W.  E. 
L(><;an  in  the  report  for  1851-5L\^  In  the  same  volume  Dr.  Alexander 
Murray  describes  the  sandstone  along  the  shores  of  the  St.  Lawreuce 
in  the  vicinity  of  Brockville,  and  also  iu  the  outcrops  exposed  between 
the  rivers  Ottawa  and  St.  Lawrence.'* 

This  wiis  followed  in  1854:  by  the  account  of  Dr.  Murray's  exidoratioii 
between  Kingston  and  Lake  ISiincoe.  In  this  region  the  Potsdam  is 
not  largely  developed,  the  greatest  thickness  of  it  observed  in  any  one 
place  being  certainly  not  over  10  or  .">()  feet,  while  west  of  Knowlton 
Lake,  in  Luugliborough,  it  appears  gradually  to  decreiise  in  thickness, 
and  eventually  to  die  out  altogether." 

In  the  sunnnary  of  the  work  of  the  (icological  Survey  of  Canada  from 
its  eonnneneenient  to  ISHo,  there  is  given  a  very  complete  descriptiou 
uf  the  stratigraphie,  lithologie,  and  paleontologic  characters  of  the  Pots- 
dam sandstone  as  known  in  Canada.''  Since  that  time  very  little  has 
been  published  upon  the  formation. 


Mii']i(irt  on  hiiiut mo  and  i1i-?tiil>iitioii  of  tlic  l'i>i-inntiuii.s  (uu  tlit*  Ottawa).  Geol.  Surv.  Canada: 
li«'|i(Ht  of  piM^iiTSrt  for  18"l.'i-'40,  Mi>iitn>:il.  Ih-17,  ]i.  'il. 

'  litport  on  i;:iv  St.  I'aul  and  Muiiay  H.'iy.  (iccil.  Surv.  ('muula:  Hoport  of  pn){*r«8a  for  184d-'49- 
Ton  in  hi,  li<r.lM>iJ.  in,  11. 

'  Kvniai  ks  im  tiii-  litli-doLiicil  and  paltMint^d'i^^ic.al  (.haracteis  of  tho  PotHilaiuHAudiitoiie.  Am.  Amoc. 
Proiv.   vt.l.  C.  lr.VJ.  ]>\:  L'74-J7:j. 

*()n  the  loot  luintH  arcuii-inR  in  tlie  INitsd.un  Hand.stouc  of  (.auuUa.  Quart  Joar.  Gool. Soc.,  Ii<m<i., 
^(.d.^  1*^52,  II.  'JtiO. 

■*  Ki'i)oit  |on  country  iMtw.fn  Uivltn' du  N'ord  and  Mcauharnoift)  Gool.  Sun*.  Canada,  18ftl>'53.  1851 
lip.X  U. 

"  i:«i>ort  fof  country  lyinj:  bi'twcon  rivor.H  ()ttn\\a  and  St. Lawrence]  Geol.  Survey  of  ranada  tor 
1851   '.'.2.    I>ij2.  ]ip.r4-67. 

*  I  i:\ldtirtilion  lictwoin  Kintistim  and  Lake-  Sinicoo.]  Gi*ol.  Surv.  (;aniMla:  Keport  of  proj^TM*  tor 
1H.VJ  '5:i.  1J<5-1,  p.  109. 

"  GiHiIo^ical  Survey  of  Canada :  Ueport  uf  pro^ruad  from  iU  cuuiuicucomoat  tO  1663.  MoutTMl,  1813. 
PIk87  10'J, 
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This  snbproTince  includes  oeotral  Golorado,  oeotral  and  northern 
Wyoming,  Sooth  Dakota  and  aoatheru  central  Uontana. 


The  probable  preaenoe  of  the  eqaivalent  of  tlie  Potsdam  sandstone 
of  the  Mississippi  Valley  in  the  (Jolorado  range  was  noticed  by  IJr.  F. 
V.  Ilayden  in  1871.    He  saye : 

The  lowMt  beild  of  sadimoatary  rooka  »Te  rathsr  ooane  sauilatones,  and  CQn|;[oui- 
erato  nude  np  or  water-worn  quarts  pobbloi,  with  very  irro);iilaT  laiiiin:ii  uf  dopaui- 
tioii,  the  wbolu  romindiag  ouo  of  the  Futadam  group.  *  *  *  Tbero  in  ountideruble 
variety  in  the  agt;rei;atu  of  beds  heio,  which  uiaj  be  regarded  ae  Stliirian,  aud  w<Miuiy 
coDclado  ttiat  lliti  PotmlBiii  group  is  ijuito  wull  repreauuted,  aud  thai  it  is  (lusalblu 
that  somo  uf  tho  lilcher  diviaiuna  occur.  Those  rooka  require  a  atill  oioro  careful 
atudy,  yet  it  ia  au  interentiiit;  fact  to  kaow  of  theic  oxisteDco  ia  tliia  hicality.  In 
the  lower  Baadatouoii  I  found  a  Hpeoiee  of  Uugnla,  the  present  aeasou,  pnibahly  a 
Potgdam  form.' 

Tlieae  obsurrations  were  mode  alouj;  William's  Onilon,  3  or  3  miles 
above  Colonulo  Springs.  Of  the  probable  presence  uf  the  "rotHdiini" 
ill  the  South  Parlf,  ou  tho  north  slope  of  Mount  Iiincolu,  aud  ou  ull  of 
the  snrrouudiug  high  uionutaias  he  does  not  appear  to  have  auy  doubt. 
He  says: 

llefure  going  further  I  will  state  what  I  belicvo  to  bo  the  a^e  of  all  the  lime- 
atouea  and  tiiinctzitea  which  Hecni  to  curer  tlie  lii^lieat  nionntainit,  and  In  which 
niostof  thu  vuiiiablu  [iiiDeaareruiind.  I  think  thi)ni  in  nii  doubt  that  tlioy  behing 
ti>  tho  Potsdam  gniu[>,  though  I  was  nuablo  to  didcovor  any  fuaatlH.  Dr.  Pvale  fuiini) 
a  few  obs<^uTe  forms  wliich  indioatvd  that  the  group  ia  of  the  aauie  ago  an  tlioae  next 
tu  thu  granites  in  Utali,  which  we  nuw  know  are  of  thut  ngi*.' 

While  studyiug  tbe  geoiofjy  from  Denver  to  Oolorado  Springs,  Dr. 
A.  C  PeAle  exiimtuod  and  mcaauretl  a  number  of  sevtious  passing  from 
various  horizons  in  tlie  sni>crjiiccnt  rocks  to  the  Arubuaii.  lii  ono,  ex- 
tending from  (ilea  I<3.vrie  eastward  to  Camp  Ciuek,  there  are  40  feet  of 
coarse  sancUtoiie  of  a  grayish  white,  dark  grcou,  gray  and  brick  red 
color.  This  series  rests  upon  the  gntnite ;  is  beneath  limestonus  re- 
ferred to  tbe  Quebec  gronp,  aud  iseousidered  to  represeutthe  Potsdaui 
gronp.' 

On  Trout  Creek,  in  Bergen  Park,  'J'■^  feet  of  sandstone  is  n^forred  to 
the  Potsdam.''  In  a  redditth  sandstone  Buperjaeent  to  the  "  Potsdam" 
a  number  of  fossiU  were  found  tbat  were  referretl  to  the  Quebec  group. 
As  now  known  tbis  fauna  is  of  Ijower  Silurian  (Ordovteian)  age,  cor- 
re8]K)ndingto  tho  Calciferous  scono  of  tlie  Now  York  aectiun.  Another 
section  was  measured  on  one  of  the  eaiitoru  tributitrios  of  Trout  Creek, 

'  Knp«n  nt  P.  T.Hai-clfn,  O.  H. {ieuloniiit,    O.  H.  ObuI.  SurT.of  the  Torr.,  7th  Anp.  Hep.,  187i,  p.  3S. 
•Up.cii..p.41. 

f  Iho  Soutli  Piirk  UlTiBioD.    IT.S.aiwl.SurT.af  the  Terr., 
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in  which  67  feet  of  sandstone  occur  resting  upon  the  granite.    Of  these 
sections  Dr.  Peale  says : 

A  coiiiparison  of  the  soctions  given  above  shows  that  the  Potsduii  gioap  it  repre- 
sented by  samlHtonos  having  a  thickness  of  from  GO  to  80  feet,  while  the  beds  that 
ropresout  the  Quebec  gronp  are  a  little  over  100  fiset  thick.' 

References  to  the  sandstone  supposed  to  be  Potsdam  are  also  found 
on  pages  226,  236,  242,  and  255. 

During  the  field  season  of  1874  Dr.  A.  G.  Peale  found  on  Eagle  Biver 
a  series  of  beds  resting  on  the  gneiss  and  schist.  From  their  position 
and  lithologic  relations  to  corresponding  beds  seen  in  the  Colorado 
liange  in  1873  the  lower  layers  are  referred  to  the  Potsdam  group.  It 
is  represented  by  a  bed  of  white  qnartzite.' 

A  reference  to  the  probable  occurrence  of  the  Potsdam  horizon  upon 
the  eastern  side  of  the  Colorado  Range  is  made  by  Mr.  Arnold  Hague, 
in  his  general  description  of  the  geology  of  the  range.  From  the  fact 
that  a  sandstone  occurs  in  the  Black  Hills,  and  contains  fossils  of  a 
Primordial  type,  he  thinks  the  sandstone  occupying  a  similar  strati- 
graphic  position  in  the  Colorado  Range  will  be  found  to  contain  the 
same  fauua.^ 

CJn  the  geological  map  of  Colorado,  published  by  Dr.  Hayden  in  1877, 
the  qnartzite  and  the  limestone  referred  to  the  Potsdam  series  are  Id- 
cluded  with  the  Silurian,  and  their  geographic  distribution  is  merged 
with  the  latter  on  the  map. 

In  bis  synopsis  of  the  geological  formations  found  in  Colorado  Dr.  F. 
M.  Eudlich  tabulates  the  localities  and  formation  of  the  ^*  Potsdam 
group."* 

When  describing  the  Paleozoic  rocks  of  the  Mosquito  Range  in  cen- 
tral Colorado,  Mr.  S.  F.  Emmons  states  that  the  Cambrian  is  represented 
by  quartzites  passing  gradually  upward  into  calcareous  shales,  with 
limestones  of  probably  Silurian  age  above,  the  aggregate  thickness  of 
the  two  being  about  400  feet.^  In  the  tabulation  of  the  Mosquito  sec- 
tion the  Cambrian  white  quartzite  is  given  a  thickness  of  from  150  to 
200  fe«t  before  passing  into  calcareous  and  argillaceous  shales  above.^ 
The  only  fossil  remains  found  in  this  series  occur  in  a  bed  of  greenish 
chloritic  slates  on  the  east  Hank  of  Quandary  Peak,  about  a  mile  above 
the  Monte  Cristo  mine.  The^'  belong  to  the  genus  Dikelocephalus  and 
resemble  closely  Dikclocephalm  minncmtensis  of  the  Potsdam  forma- 
tion. From  analogy  with  other  sections  Mr.  Emmons  thinks  it  safe  to 
assume  that  the  fossiliferous  shales  occur  above  the  main  body  of 
quartzite  and  near  the  base  of  the  transition  series.' 


I 


»Oj».cit..p.209. 

*  Report  on  Miildlo  Dlvifiion.     (Stratlj^raphy-PaltM^zoic  fonnatioii.H).     U.  S.  Gool.aDd  Gooji^  Surrey  of 
tlic  Ti;rr.,  Ann.  Ki»p.  for  1871. 1870,  pp.  110.  lil. 

«llttj;n»>,  AruoM.  and  S.  F,  EiniiMinM.     Di'sriiptivo  poology  U.  S.  Geol.  Expl. of  the   Fortieth  r«r.; 
Clai-ento  KiiiK,  vol.  2,  1877,  p.  2'J. 

*Krportuf  K.  M.P:n(llU'li,KooloKl8t  of  th(»  Whitu  Kivor  Division.    U.  9. Geo].  Sarv. of  the  Ten^ 
JOtli  Ann.  K«p..  1S78,  p.  i:{0. 

'Geolui:y  and  minlui;  indaalry  of  Lcadvillo,  Culurndu.    Mun.  U.  S.  Geol.  Sanrej,  toL  12,  ISN^  p. 51 
•  Op.  cit. ,  p.  57.  '  O V.  cit.,  p.  60. 
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WYOMUrO. 

As  geologist  to  Oapt.  BeyDoId's  expedition  to  the  headwaters  of  the 
Missoari  and  Yellowstone  Bivers,  Dr.  F.  Y.  Hayden  ideutified,  in  1861, 
the  fossiliferoas  '*  Potsdam  "  sandstone  of  the  Black  Hills,  and  consid- 
ered a  sandstone  holding  the  same  relative  position  and  exhibiting  the 
same  lithologic  characters  on  the  slopes  of  the  Big  Horn  Bange  as  the 
same  formation.  It  is  farther  stated  that  ^'  a  few  thin  layers  of  fine 
calcareous  sandstone  were  observed  filled  with  fossils  characteristic  of 

r 

this  period.''^ 

From  the  Big  Horn  Bange  he  crossed  to  the  Laramie  Bange.  At  the 
head  of  the  La  Bont6  Greek  he  noticed  a  bed  resting  discordantly  upon 
Azoic  slates  50  to  100  feet  in  thickness,  holding  the  same  position  and 
possessing  the  same  lithologic  characters  it  reveals  at  other  localities. 

I  conld  discover  no  fossils  in  it  at  this  point,  but  I  am  oonfidont  that  this  bod  rop- 
resents  the  Potsdam  saiidsloae.  This  rock  (the  Potsdam)  is  more  or  loss  chaugcd  by 
heat  from  beneath,«biit  I  was  able  to  trace  it  coutiuuoasly  from  the  source  of  the 
Chngwater  Greek  to  the  soarce  of  Cache  la  Poudre,  a  distance  of  over  100  miles.  It 
was  also  seen  along  the  eastern  slope  of  the  Wind  Biver  Mountains,  but  did  not  con- 
tain any  organic  remains.' 

A  more  extended  acconnt  of  the  character  of  the  Primordial  sand- 
stone of  the  Bocky  Mountains  was  published  by  Dr.  Hayden  in  1862.' 
It  is  accompanied  by  a  description  of  the  species  of  fossils  found  in  the 
Black  Hills  and  the  Big  Horn  Mountains  and  further  reference  to  it 
will  be  found  in  the  account  of  the  Cambrian  rocks  of  Wyoming. 

All  of  the  essential  part  of  Dr.  Haydeu's  article  of  1861  was  reprinted 
in  an  article  on  the  Geology  and  Natural  History  of  the  Upper  Mis- 
souriy  which  appeared  in  1863.^  This  essay  is,  as  stated  by  the  author, 
the  substance  of  a  geological  report  made  by  him  to  Capt.  Baynolds  on 
the  exploration  of  the  Yellowstone  and  Missouri  Bivers.  The  latter 
report  was  issued  in  1869,  accompanied  by  a  large  map,  dated  1859-^60, 
DiK)n  which  the  geographic  distribution  of  the  formations  identified  by 
Dr.  Hayden  are  delineated.  Within  the  present  area  of  Wyoming  a 
narrow  belt  of  the  '*  Potsdam  ^  sandstone  is  represented  as  entirely  sur- 
rounding the  Big  Horn  Mountains,  and  as  forming  a  continuous  band 
with  that  along  the  eastern  side  of  the  Wind  Biver  Bange  and  an  in- 
terrupted belt  on  the  western  side  of  the  latter  range.  The  two  moun- 
tains now  known  as  the  Wyoming  Mountains  also  had  a  narrow  baud 
of  "  Potsdam '"  sandstone  about  them.  To  the  north  this  band  is  repre- 
sented as  continuing  westward  across  the  Big  Horn  Biver,  then  north 
on  the  western  side  of  the  Yellowstone  Lake  region  as  far  north  as  Bea- 
ver Biver,  where  it  is  interrupted.    Several  mountains  directly  north 

■  Sketch  of  the  ceology  of  tho  country  aboat  the  hoailwaters  of  the  Missouri  and  Yellowstone  Riven 
Am.  Jour.  SoL,  2(1  ser.,  vol.  31. 1861,  p.  234. 

>Op.clt.,p.234. 

■The  Primordial  Sandstone  of  the  Rocky  Mountains  in  tho  Northwestern  Territories  of  tho  United 
states.    Am.  Jonr.  Sci.  2d  ser.,  vol.  33, 1862,  pp.  68-70.    Canailinn  Jour.,  now  sor.,  vol.  7, 1862,  ]»p.  149- 151. 

*0n  the  Goolo{;y  and  Natural  History  of  thu  Upper  ^liasourL  Am.  I'hilos.  Soc.  Trans.,  vol.  12,  ntw 
■er.,  1863.  pp.  1-318. 
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of  the  Yellowstone  Lake  region  are  represented  as  surrounded  by  the 
same  formation.^ 

At  the  South  Pass  of  the  Wind  Biver  Mountains  Dr.  Hayden  found 
the  granites  oecupying  a  very  restricted  area  and  extending  from  them 
a  large  thickness  of  ^<  Potsdam "  sandstone  containing  Obolella  nana 
and  a  Lingula. ' 

Prof.  F.  H.  Bradley  in  1873  identified  the  '<  Quebec  group "  by  the 
presence  of  Oonocoryphe  and  Dikelocephalus  in  limestones  upon  the 
flanks  of  the  Teton  range  of  mountains.  At  one  of  the  outcrops  of 
these  limestones  ^<  they  are  immediately  underlaid  by  about  300  feet  of 
partly  compact,  partly  shaly,  glauconitic  sandstones,  which  are  evi- 
dently equivalent  to  the  so-called  Knox  sandstones  of  Safford,  which 
form  in  Tennessee,  the  lower  part  of  the  Quebec  group.  "So  fossils 
were  seen  in  these  beds.  They  are  apparently  unequally  distributed, 
since  no  corresponding  beds  appear  along  the  canon  of  West  Teton 
Creek.  Beneath  them,  and  often  present  when  they  are  absent,  wo 
generally  find  from  50  to  75  feet  of  a  very  compact  ferruginous  quartz- 
ite  which  must  represent  the  Potsdam,  though  this  also,  is  sometimes 
wanting.''  ^  In  a  diagram  of  a  section  extending  firom  Henry's  Fork 
through  the  Teton  Mountains  the  so-called  Quebec  group  and  Potsdam 
quartzite  are  represented  on  each  side  of  the  range,  the  quartzite  rest- 
ing directly  on  the  granite.* 

The  preliminary  paleontological  report  of  Mr.  F.  B.  Meek  refers  the 
beds  containing  fragments  of  Conocoryphe  and  Dikelocephalus,  found 
on  the  west  base  of  Big  Horn  Mountains  by  the  Hayden  survey  iu  1872, 
to  the  Potsdam  or  Primordial  zone.  * 

In  speaking  of  the  Paleozoic  rocks  of  the  Laramie  Hills,  Mr.  Arnold 
Hague  states  that  all  paleontologic  evidence  obtained  from  these  beds 
would  tend  to  show  that  they  belong  to  the  Coal  Measure  limestone.^ 

The  strata  along  the  eastern  slope  of  the  Wind  Biver  Mountains  re- 
ferred to  the  Potsdam  by  Dr.  Hayden  were  studied  by  Prof.  T.  B.  Corn- 
stock  while  geologist  of  Capt.  W.  A.  Jones's  expedition  to  northwestern 
Wyoming.  He  found  the  sandstone  closely  resembled  that  described 
by  Prof.  J.  D.  Whitney  in  Wisconsin.  The  local  peculiarities  of  this 
sandstone  and  its  associated  rocks  as  described  in  the  Mississippi  Val- 
ley and  New  York  are  strikingly  repeated  in  the  Eocky  Mountiiiii 
region.    The  greatest  thickness  of  the  sandstone  in  the  region  of  the 

■  (iLMiloiflcal  report  of  tlie  Ex])lorntion  of  tlio  Yoll«)W8toiie  and  MiHSonri  Kiven.  Under  the  diroctknt 
of  Cnvt.  W.  F.  i:a\nold«,  1859  -'60,  Washinjiton.  1861),  p.  144,  map. 

'  Report  of  V.  V.  Hayilun  (ou  tho  KOolo;;ical  survey  of  Wyoming.)  TJ.  S.  Geol.  Sarv.  of  the  Terr., 
4th  Ann.  ll«'p.,  1871.  p.  33. 

^  Koport  of  PVank  II.  Bradloy,  goolo;;i8t  of  tho  Snako  River  divisiou.  U.  S.  Oeol.  Sarv.  of  the  Terr., 
6th  Ann.  R<-p.,  1873,  p.  216. 

<0p.  cit..  p.  218. 

•rn'liniinary  p.ileontolofjiral  report  .  ,  ,  witli  roniarlcH  on  the  Rgos  of  tho  rooke,  etc.  IT.  S.  Geol. 
Survey  of  tht?  IViTitories,  embracing;  portions  of  Mout^iua.  Idaho.  Wyominj^.and  tTtah  ;  6th  Ann.  Rep. 
1873.  p.  431. 

<J)(i.tcnptive  geology,  U.  S.  Gcol.  Expl.of  tho  Fortieth  Par.;  Ciarence  King, vol.  3,  p.  76.  WathlDg- 
ton.  1877. 
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Wind  Biver  HooDtaioB  Is  aboat  200  fioet.  AM  the  beds  bear  evideace 
of  deposition  in  sballow  seas  or  upon  beaches  or  eaud  flats. ' 

TJuder  the  head  of  Qaebec  grocp,  Prof.  Gomstook  desoribea  some 
caloiferons  layers  and  dolomitio  limestoDes  that  are  oonformably  sapor- 
jacent  to  the  sandatoue.  In  them  he  fonad  a  epeoies  of  -  Theoa  f ,  a  tri- 
lobite  of  the  genus  DikeiocephaloB  and  Ortki»  tritonia  f  Fragments  of 
other  fossils  too  imperfectly  preserved  for  identifloation  were  fouud.' 

If  the  identiflcations  by  Prof.  Oorastock  of  the  species  found  in  the 
limestone  are  correct,  that  portion  of  the  limestone  containing  them 
innst  be  referred  to  the  ITpiier  Cambrian  zone.  On  the  map  accom- 
panying the  report  the  "Potsdam"  formation  is  represented  aloug  the 
entire  eastern  margin  of  the  Wind  Biver  Mountains  and  along  the  west- 
ern central  portion  of  the  range.  A  narrow  belt  of  it  surrounds  Greek 
Mountain  in  the  northeast  of  the  Snake  Indian  Eeservation,  and  the 
Wyoming  Mountains  to  the  northwest  of  the  Wind  Biver  Bange. 

The  southern  portion  of  the  Sweetwater  district  iu  the  Wind  Biver 
Bange  was  visited  by  Dr.  F.  M.  Eudlieh  in  1877.  He  found  a  Liugula, 
probably  Lingula  prima,  and  estimated  the  thickness  of  the  eutire  scries 
as  varying  between  ISO  and  320  feet.^  He  refers  to  the  Calcifurous 
group  a  thin  series  of  sharply  bedded  strata  composed  of  blue  lime- 
stones and  blue  and  yellow  dolomite  and  locally  of  oolitic  dolomite, 
altogether  having  a  thickness  of  aboat  250  feet*  These  strata  are  cor- 
related with  those  containing  Dikelocepbalus,  etc.,  discovered  by  Prof. 
Oomstock  in  1874. 

The  Teton  Mountain  district  was  studied  by  Prof.  Orestes  St.  John 
in  1877,  and  in  bis  report  he  refers  to  the  work  of  Prof.  Bradley  iu  1872. 
Very  little  is  added  to  the  information  given  by  Prof.  Braiiley  of  the 
lower  quartzite  series,  but  an  important  advance  is  made  in  the  classifi- 
cation of  the  rooks  of  the  <li8trict  by  the  division  of  Prof.  Brtidley's 
(jncbec  group  into  the  Upper  and  Lower  Quebec  limestone.  The  Lower 
Quebec  limestone,  carrying  Oonocorypho  and  Dikelocepbalus,  is  de- 
scribed  in  detail  and  8ei>arated  i^om  the  upper  limestone  carrying 
Biipliistoma,  etc* 

The  line  of  Hcpnration  of  these  two  limestones  is  the  line  between  the 
Cambrian  and  Silurian  (Ordovician)  Systems,  and  reference  will  be  made 
to  it  under  the  description  of  the  Cambrian  rocks  of  Wyoming. 

Prof.  St.  John  also  studied  tlio  Buffalo  Fork  Mountain,  east  of  the 
Teton  Bauge,  and  fouud  there  the  same  succession  of  beds  as  in  the 
Teton  section.  Numerous  fossils  wore  collected  from  the  limestone  over- 
lying the  quartzite." 

mcr  of  lt)T:i.  by  WlllUiu  A.  JooM.    Igli,  pp.  IDT.  IDS. 

■  (>p.  cit..  p.  lie. 

'  Rajiortoii  tlia  gwiloey  ot  tho  Bveotwatw  illittiot.  U.  &  deal.  Siirr.  of  tfaaTerr.,  lUh  AniLRepq 
ISTe,p.TI- 

•Op.dt.p.I!. 

•  K  i»in  of  tlin  liMloRlciil  flold-iTDrk  or  tho  TotoD  DItIiIdh.  U.  8.  QeoL  Siirv.  of  the  Ten,,  11th  Amu 
Rep,  1878,  pp.  «lt-183. 

•0p.dt.,p.«>. 
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In  his  report  on  the  geology  of  the  Wind  Biver  district,  made  in  1883, 
Prof.  St  John  describes  the  geology  of  the  Gros  Ventre  Bange,  aGCom- 
pauying  it  with  two  plates  of  sections  across  the  range  at  various 
points.^  On  the  map  accompanying  the  volume  the  geographic  distri- 
bution of  the  strata  referred  to  the  Silurian  is  delineated.  He  also 
describes  the  out-crops  of  the  strata  on  the  northwestern  and  north- 
eastern sides  of  the  Wind  Biver  Bange,  that  he  refers  to  the  Silurian.' 
Beferoncc  to  Prot^  St  John's  sections  will  be  made  in  describing  the 
Cambrian  rocks  of  the  Wind  Biver  and  Gros  Ventre  Banges. 

On  the  map  accompanying  the  twelfth  annual  report  of  the  Hayden 
survey,  issued  in  18S3,  the  geographic  distribution  of  the  strata  referred 
to  the  Silurian  in  the  Sweetwater  Bauge,  the  Wind  Biver  Bange,  the 
Gros  Ventre  Bange,  and  the  Teton  Bange  is  shown.  The  Silurian  in- 
cludes tlie  quartzite  referred  to  the  Potsdam,  the  Oambrian  limestone 
referred  to  the  Lower  Quebec  by  Prof.  St.  John,  and  the  Calciferons 
referred  by  him  to  the  Upper  Quebec.  This  map  was  compiled  from  the 
work  of  Messrs.  Peale,  St  John,  and  Endlich.  There  is  also  a  special 
map  showing  the  district  reported  on  by  Prof.  St.  John  in  1883. 

DAKOTA. 

The  presence  of  evenly  bedded  sandstones  about  the  Black  Hills  was 
noted  as  early  as  1822  by  Dr.  Edwin  James,  who  represented  them 
upon  a  diagrammatic  section,  extending  trom  the  Alleghany  to  the 
Kocky  Mountains.  He  undoubtedly  confused  the  sandstones  of  the 
Trias  with  those  of  the  Cambrian  ;  but  it  is  one  of  the  earliest  recorded 
illustrations  of  the  mode  of  occurrcnco  of  the  sandstone  in  this  region. 
That  he  did  not  penetrate  to  the  interior  portion  of  the  hills  is  evident, 
ascitis  section  represents  the  sandstone  extending  in  level  horizontal 
layers  entirely  across  the  area  occupied  by  them.^ 

In  1856  Mr.  H.  Engelmann  published  a  description  of  the  rocks  of  the 
Black  Hills.  The  strata  next  to  the  granitic  nucleus  are  described  as 
^*  more  or  less  altered  sandstones  and  limestones,  dipping  in  various 
directions  and  degrees.  Most  of  the  ssindstones  are  fine  grained,  light 
yellowish  red,  and  do  look  much  like  metaniorphic,  but  some  show  the 
transition  into  a  siliceous  rock."^  Not  far  from  camp  56  he  found  a 
friable  sandstone  made  up  of  coarse  square  grains  of  granite,  appar- 
ently deposited  after  the  formation  of  the  igneous  rocks.  Near  camp 
58  the  sandstone  is  light  yellowish  red  and  fine  grained.  There  is  also 
a  gray  variety,  above  which  is  a  layer  of  a  dark  red  sandstone,  coarse 
grained,  soft,  and  highly  micaceous.^  This  is  the  sandstone  in  which 
Dr.  Hayden  subsequently  found  the  Upi)er  Cambrian  fauna. 

I  Koport  ou  the  K(.*olo|;y  of  the  Wind  Kivcr  district  U.  S.  Gool.  Sarv.  of  tho  Terr.,  12th  Anwiml 
UopoTt,  I8f(».  p.  208. 

»(»p.  rit..  PI..  •J51-253. 

* (iooloifiral  HkotrlM»H  of  tho  MiBHlRsippi  Valley.     Plill.  Acj»d.  Scj.,  Jour.,  vol.  2,  pt.  2, 1822,  pp. 326-329. 

*K«*pni't  of  ii  Kc>i>Iii|;irAl  oxplonitioii  from  Fort  Li.MV(>n worth  Ut  Bry.in'A  Pasn,  made  incounecUnnwith 
tlw.  survt^y  for  n  i  oad  from  Fort  KvVu^'  to  V>cvdv;v^t'a  Puah«  undor  Bryan.    Uopt.  Soo.  of  War,  Appendix  U, 

*Op.cit.,p.510. 
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In  notes  explaining  tbe  Beoond  edition  of  a  geological  map  of  Ke- 
braska  and  Kansas  in  185S  Or.  V.  V,  Hayden*  states  that  tlio  existence 
of  tlie  Potsdam  sandstone  od  the  eastern  slope  of  tlieBooky  Mountains 
was  diaoovered  daring  Lient.  G.  K.  Warren's  expedition  t^  the  Black 
Bills  in  the  summer  of  1S57. 

In  March,  1858,  Messrs.  Meek  and  Hayden  presented  a  paper  to  tbe 
Academy  of  Natural  Bciences,  Philadelphia,  oontuiniug  "some  remarks 
on  the  geology  of  the  Black  Hills  and  portioua  of  the  surrounding  ri>un' 
try,"  In  this  a  section  of  the  formations  is  given,  in  whioli  the  "  Pots- 
dam" aandstoue  is  given  a  thickness  of  30  to  SO  feet  and  is  said  to  cjii- 
taiu  LiDgula,  Obolus  f ,  and  fragments  of  trilobitcs.*  Tbe  Baudxtouc  is 
described  as  of  a  reddish  and  grayiah  color,  composed  of  angulnr  grnins 
of  quartz,  cemented  by  ailiceoua  and  sometimes  sinatl  portions  of  otlca- 
reousmatter.  Thefoasilsthen  identifle<l were  A»H(7»faan/i(ii(a  Hall, great 
numbers  of  a  small  shell  similar  to  L.  prima  Conrad  and  fragments  of 
trilobites.'  TbeintbrmatiOD  contalnedin  this  first  paper  by  Messrs.  Meek 
and  Ilaydeu  was  also  published  in  the  American  Joiirniilof  Science,*  the 
Canadian  Naturalist  (vol.  3, 1858,  pp.  182-193),  the  report  of  the  Chief 
of  Engineers  to  the  Secretary  of  War,  1858,*  tho  American  Journal  of 
Science  (vol.  25,  2d  ser.,  p.  430, 1858),  the  Proceedings  of  Philadelphia 
Academy  of  Science  (vol.  10,  p.  139, 1850),  and  in  a  reprint  of  tho  Pre- 
liminary Iteport  of  the  Exploration  nf  Nebraska  ami  Dakota,  issued  in 
1875,  which  is  the  official  account  of  Lieut.  G.  K.  Warren's  exploration 
transmitted  to  tho  Chief  of  Engineers. ' 

In  a  paper  on  tho  Primordial  sandstone  of  the  Rocky  Mountains  and 
Northwestern  Territories  of  tho  TTnited  States  Dr.  llaydeu  describes 
the  sandstone  he  referred  to  the  Potsdam  in  tbe  Black  Ilills  in  con- 
siderable detail,  as  follows:* 

3.  Varicgnt«(l  tamlstone,  of  f^Tay  Miil  fRmiKinotia  red  colur,  composi-il  c^liinlly 

of  grninaof  ijimrlK  ami  particles  of  mi  en,  ceiiieiilcil  with  calcarooiin  tiiatt«r. 
Some  portions  nf  tlin  liod  arc  vury  linnl,  coTii]>»ct,  Hilicoonn;  others  n  co.'vren 
frialilo  (p'it,  others  a  con  glomerate.  Fosslla:  LiHgala  prima,  L.  unltijHa,  (Ibo- 
hlla  nana, mill  frn)(iiioiirs  iif  a  tritobilo,  ArioKellimf  oieeHi.     .     .    50  toiJOf. 

4.  Stnttilletl  azoic  roults  stundini;  In  a  vortical  iiosilion  fur  the  luOBt  pnrt. 
The  "Potsdam"  sandstone  is  again  described  by  Dr.  Hayden  in 

1863,''  and  in  the  following  year  he  published,  in  connection  with  Mr. 

"^  Eipionition*  uritltT  tha  War  ni-|>iirtni«nt ,  sx|>ianatlnnH  of  b  u'l-ond  editliin  of  s  )iL4ilii|;i.^ia  iii>p  »t 
Mulin»k*snd  Kaukw,  bam^il  nixm  infbrrnatl.ia  abiaim-.!  )n  an  e<i|i«a>li<m  tn  tl>i>  Uliu'k  UiUa  iinaur 
eommuiil of  Llont.  U.  K.  Wimn.    Ain.Jour.Sd..2<l*pr„n>l»), W>s.|iii.:tB-S;8. 

<|Soiiit<  munika  on  ttii<  noa\oey  of  tlio  Ulauk  Hills  uul  porllour,  ur  tliu  ■urrouudiiiE  country.l  1-liiL 
Aroil.  !^L..  Prdc..  vol.  10,  litiS,  p.tL. 

'Op.  cl(..p.U. 

•l!il>lnTalli>na  nnilar  llui  Wnr  DepartmeDt ;  niplarulloiui  of  n  imrnnil  edition  nfn  crwiliiElol  mnpof 
N>-linu<ka  and  Kan.u,  IiiimkI  iipou  Inrnnnitlon  oliulnol  In  nil  i>ii«!i1[I1dii  t"  ilm  Itlnck  iniln  uiiilur 
coniuiondof  Lloat.  a.  K.  Wnrroii,  Tup.  Knsr.,  U.  S.  A.    Am.  Joiir.  Sol.,  2d  trr.,  vol.  Sn,  IXSH,  p.  STB. 

•  OaUlofiae  of  th*  cutlectionH  In  uoidoKf  and  n^tnro)  liiituryubtulnadby  tbi>aipi^ltlniiiiiiiU>rRr>ni- 
niatidarLltfnt.O.R.Warroi>.  Ap|>andlx to  Hopt.  SecoT  Warln  Ibpt.otTupOK.  Bnn.ror  IHOII.  (Ita- 
piint  adltion  ot  ItTG,  pp.  W-IH.    Uap.) 

•Tbo  PrifiHirtllal  Hndatniin  of  tlio  Itock.y  If nnntnliu  in  tbo  ITortliveabini  TfTritotiiv  of  Ilin  Unilrd 
SUtoa.    Am. Jimr. Sil., M ner., rnl, 33, 1302. p. TO. 

•On  the  it«olDKy  and  nataral  hialory  of  tbo  Upper  Mlwnkii.    Am.  P\i\\.  fton.  T™iv».,  ^vi.  Wws« 
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Meek,  tbe  descriptioa  of  the  fossils  he  found  in  the  Black  Hills  daring 
the  expedition  of  1858.  They  are  lAngulepis  pinnafarmiSy  L.  prima, 
Obolella  nanaj  and  Agraulos  sp.^ 

A  general  description  of  the  sandstone  of  the  Black  Hills  is  given  by 
Prof.  N.  H.  Winchell  in  his  report  to  Gapt.  William  Lndlow,  and  the 
geographic  distribution  of  the  ontcrop  in  the  soathem  iH)rtion  of  the 
Black  Hills  is  shown  on  the  accompanying  map.'  In  the  same  report 
Prof.  K.  P.  Whitfield^  describes  Oholus  pectenoides^  a  new  species  of 
brachiopod,  and  also  figures  Lingulepis  pinnaformis. 

The  report  of  Mr.  Henry  Newton  on  the  geology  of  the  Black  Hills 
contains  a  detailed  description  and  full  discussion  of  the  strata  referred 
to  the  Potsdam  sandstone.  This  will  be  again  referred  to  in  the  sum- 
mary of  our  knowledge  of  the  Cambrian  rocks  of  the  Black  Hills.^  From 
the  paleontologic  portion  of  the  report  we  learn  that  the  entire  fauna 
of  the  Black  Hills  below  the  Carboniferous  is  Primordial,  and  Prof.  B. 
P.  Whitfield  states  it  closely  resembles  that  from  Wisconsin,  and  al- 
though the  species  are  nearly  all  distinct  the  generic  fades  is  the  same 
throughout.* 

In  1888  Prof.  F.  B.  Carpenter  published  a  series  of  notes  on  the  geol- 
ogy of  the  Black  Hills,  in  which  he  criticised  some  of  Newton's  views, 
and  also  advanced  some  theoretical  considerations  of  interest  in  rela- 
tion to  the  original  deposition  of  the  sediments  forming  the  Potsdam 
group.* 

SOUTHWESTERN  SUBPROVINCK. 

This  includes  the  areas  of  Texas  and  Arizona. 

TEXAS. 

The  presence  of  Silurian  rocks  in  Texas,  subsequently  referred  to  the 
Prinionlial,  was  announced  by  Dr.  F.  Ivooiner  in  1849."  In  the  same 
work  hede«(;ribe8  from  tlic  lower  portion  of  the  section  Lingula  acutan- 
giila  (\\  420) and  Pteroccphalia  sanctisaha'  (p.  421). 

On  the  map  Jiccoinpanying  this  volume  the  entire  Paleozoic  series  is 
included  under  one  color,  on  the  northern  side  of  the  granitic  band, 
jiorthwest  of  Austin. 

■  Pu1(>oi)lo1ogy  of  tlio  UppiT  MisHOuri ;  a  report  upon  colhH>.tioii8  made  principallj  by  the  ^xp(Hlitioii 
iiiiulor  coiiiinaiul  of  Lieut.  U.  K.  Warioii  in  l>i55-'60.  InvortobratOH.  Smithsculan  Contribations  No. 
J7'2. 1JW54,  pp.2-10. 

Tfcolni^H'iu  roport  of  a  rocoiiDaiflfianco  of  tlio  Blark  Ullin  of  DakotA,  made  in  the  Hummer  of  1874  hy 
Oaptaiii  William  Lndlovr.     Report  of  thw  (Jhi«'f  of  Kii<j;inuorrt,  Appendix  PP,  1876,  p.  1170. 

'  J  >«^8<*rii>1i(>n  of  iii'W  fo.sHilfl.  Kcjiort  of  Cio<>1o;{icnl  KcconnaiHSHUcn  of  lUack  Hills,  ilppondix  PP  of 
llipoit  of  Chief  of  EiiKinoerH,  1876,  pp.  1202, 1203. 

*<i4«ol«i>ry.    Section  IV.    The  Silurian.    Th»;  Potadam  aandBtone.    U.  3.  Geoj^.  and  Gnol.  Siirv.  of  tbe 
Korky  Mountain  ro^iou,  J.  W.    Pow<dl  in  charge;  n*port  on  tho  Black  Hilla  of  l)}ikofa.     1880, p]). 
.80  107. 

'  Palcontoloiry  of  the  Black  Ililla  of  Dakota.  Report  on  the  Roolosy  nnd  reaouroos  of  the  ISlack  HilU 
of  Dakota.    1 8x0,  pp.  329. 330. 

*NotH4  on  the  j;tM)lo;;y  of  the  Black  Ilillfl.    Preliminary  Uopt.  Dakota  School  Minoa  on  the  BUck 
J7JII8  of  Dakota,  1888,  pp.  n-52. 
'ToxaH.    MitheaondercT  RucVhWAxI  *\\\  iVwV^cXw  K\\«v>NXTvv\vTunciind  die  phyaichon  VorhfUtniue 
.de«  I^ndcH  iiach  L'ij;ener  lioo\>ftc\itvii\ft  ftc^vAAWTt.   Wuwv.  \%\a. 
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A  more  ezteDded  acooant  of  the  geology  and  the  paleontology  was 
published  by  him  in  1862,  in  which  he  notes  the  occarrence  of  Silnrian 
rocks  in  Llano  County,  on  the  San  Saba  River  (p.  7) ;  and  describes 
and  illustrates  Lingula  aautangula  (p.  90),  Pierooephalia  sancti  sahcc  (p. 
92),  and  the  genus. Pterocephalia.  Attention  is  called  by  notes  and 
figures  to  two  nudescribed  si^ecies  of  trilobites.' 

In  a  letter  addressed  to  the  Secretary  of  the  St.  Louis  Academy  of 
Sciences  in  1859  Dr.  B.  F,  Shuinard  states  that  he  had  discovered  in 
Burnet  County,  Texas,  an  extensive  development  of  Lower  Silurian 
rocks,  equivalent  to  the  Potsdam  sandstone  and  the  Calciferous  sand- 
rock  of  the  New  York  system.  The  Potsdam  sandstone  is  filled  with 
trilobites  l)elonging  to  the  old  genus  Arionellas,  with  Obelus  and  Lin- 
gnia,  and  a  small  Orthis,  and  it  rests  directly  upon  the  granite.  Above 
the  Potsdam  we  have  beds  which  appear  to  represent  the  third  mng- 
nesian  limestome  and  second  magnesian  limestone  of  the  Missouri  sur- 
vey.' Two  years  later  Dr.  Shumard  published  a  more  detailed  account 
of  the  Primordial  zone  of  Texas,  accompanied  by  a  number  of  sections 
measureil  in  Burnet  County,  and  a  description  of  new  species  of  fossils 
from  limestones  referred!  to  the  Primordial.  Under  the  heading  of  "Pots- 
dam sandstone"  three  sections  are  given ;  one,  5  miles  northwest  of 
the  town  of  Burnet,  has  a  thickness  of  275  feet.  In  this  fossils  were 
abundant  in  the  upper  portion,  just  beneath  the  Cretaceous  limestone? 
as  well  as  in  the  lower  beds.  The  base  was  not  seen.  This  section  is 
made  up  almost  entirely  of  limestones,  as  are  the  other  two  sections 
mentioned.' 

Dr.  Shumard  states  that  the  Potsdam  sandstone  is  also  finely  dis- 
played in  the  southern  part  of  San  Saba  County'  and  around  the  mar- 
gins of  the  granite  districts  of  Liano.  '<  The  fauna  of  this  division  of 
the  Primordial  zone  of  Texa«  is  very  analogous  to  that  of  the  Potsdam 
sandstone  of  Iowa,  Wisconsin,  and  Minnesota."  The  genera  identilied 
are:  " Dikelocephalus,  Bathyurus,  Arionellus,  Conoccplialites,  Agnos- 
tuR,  Lingula,  Discina,  Orthis,  Camerclla,  Obelus,  and  Capulus,  all  of 
which  genera  have  been  discovered  in  the  Primordial  sandstones  of  the 
northwest  except  Agnostus  and  Camerclla."*  In  the  latter  part  of  the 
]>aper  six  now  species  were  described,  and  a  species  of  Camarella  and 
one  of  Capulus  mentioned.  In  a  letter  to  M.  Barrande,  dated  Septem- 
ber, 1860,  Dr.  Shumard  describes  in  a  general  way  the  Primonlial  rocks 
of  Texas  as  seen  along  the  Colorado  River  in  Burnet  County.* 

Attention  was  called  in  1874  to  the  presence  of  a  sandstone  in  Organ 
Mountains,  close  to  the  city  of  El  Paso,  in  southwestern  Texas,  by  Mr. 

I  Dio  Kreidobildnngon  von  Toxan  iind  ilim  orf;nniRchnrr  Einrtrlilunne.     Bonn,  1852,  pp.  02, 03. 

'  Lett<»rtoiichinf;  the  lati.Mliscover>' of  Lower  Silurian  n>ckA,iMiaivAlent  to  tlio.  PotmlAin  nnntlAtono 
aiifl  CalcirHroaD  sandrock  of  tlit^  Now  York  Ay8t«in,  in  JSuniot  County,  Toxaii.  Traiui.  Acad.  Sci.  St. 
I^niiiii,  vol.  1, 1H50,  pp.  672, 673. 

*Th(t  PriiMonlial  zone  of  TexAR,  with  deBorlptionn  of  now  foMlIs.  Am.  Jonr.  Sci.,  2fl  ser.,  vol.  32, 
1861,  pp.  216. 217. 

«Op.cit,pp.217.21P. 

»  Letter  ou  tlio  rrimordial  of  Texan.    Hoc.  rAoI.  Franco,  T\ti\\.,  2»  RfeT.,TcA,\^\W\.,\<^.1.\^,1\^ 
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W.  p.  Jeuney.  He  states  that  the  qaartzito  rests  apoQ  a  coarse  felds* 
patliic  granite,  and  passes  apward  into  sandstone,  filled  with  fieoliikut 
lineariHj  which  he  identified  as  the  Potsdam  sandstone.  The  saperjacent 
formation  is  a  crystalline  limestone  identified  as  calciferons.  It  con- 
tains several  species  of  fossils  resembling  ArchseocyathaSy  and  rarely  a 
gasteropod,  like  Plenrotoinaria.^  In  commenting  upon  the  statements 
of  Mr.  Jenney,  Prof.  J.  S.  Newberry  says: 

Now  it  appeani  tbero  are  found  in  the  Rio  Grande  Valley  the  crystalline  bane. 
rocks  overlaid  in  8ucce68ion  by  the  Pol8<lam  and  Priinonlial,  the  Trenton,  Hmlson, 
1Jp|M)r  Silurian (T),  and  CarboniferouRjust  as  they  occur  in  the  Northern  and  Eastern 
States.  *  *  *  It  would  seom  as  though  the  Organ  Mountains  had  formed  one 
l>ordcr,  and  the  Now  York  and  Canadian  highlands  the  other,  of  the  great  Paleozoic 
invasions  of  the  sea.' 

A  section  of  the  strata  referred  in  1S74  to  the  Potsdam  by  Mr.  S.  B. 
Luckley,  at  Packsaddle  Mountain,  in  Llano  County,  gave  a  thickness  of 
385  feet  of  alternating  limestone  and  sandstone,  beneath  which  occurs 
a  massive  bed  of  reddish  brown  sandstone  326  feet  in  thickness.  Numer- 
ous genera  of  Primordial  fossils  were  found,  characteristic  of  this  hori- 
zon.^ Other  references  are  made  to  the  occurrence  of  the  Potsdam 
sandstone  at  various  localities  in  this  county.  In  the  rei>ort  for  the 
following  year  Mr.  Buckley  refers  to  the  occurrence  of  sandstones  of 
the  Potsdam  period  in  Mason  and  Menard  Gonnties.  He  also  calls 
attention  to  the  probable  presence  of  rocks  of  Silurian  age  at  the  base 
of  the  Organ  Mountains  at  Fort  Bliss,  near  the  town  of  El  Paso.^ 

A  preliminary  report  of  a  reconnaissance  of  a  portion  of  the  Paleo- 
zoic area  of  central  Texas  was  made  by  Mr.  0.  D.  Walcott  in  1884.  A 
meiisured  section  of  the  strata  referrod  to  the  Cambrian  on  the  west 
side  of  Honey  Creek  Valley  gives  245  feet  of  sandstone  and  625  feet  of 
limestone,  all  marked  by  the  presence  of  an  abundant  Upper  Cambrian 
(Potsdam)  fauna.  The  upper  beds  of  the  limestone  become  compact, 
hard,  and  have  a  little  included  cherty  matter.  The  Cambrian  fauna 
Ujrminates  here,  as  far  as  observed,  and  it  is  not  until  over  1,000  feet  of 
limestone  are  passexi  through  that  recognized  Jbssils  again  occur.  The 
fauna  is  then  of  the  type  of  the  Calciferons  group.*  The  text  is  accom- 
panied by  a  diagrammatic  section  of  Packsaddle  Mountain,  that  illns- 
traU\s  the  unconformity  between  the  Llano  grou])  and  the  strata  re- 
ferred to  the  Potsdam  or  Upper  Cambrian.  This  gave  a  total  thick- 
ness of  (>()5  feet  for  the  formation,  with  a  massive  sandstone  205  feet  in 
thickness  at  the  base.^ 

The  latest  addition  to  our  knowledge  of  the  Cambrian  rocks  of  Texas 


'  f  Kerr  lit  fxplornt  ion  j»  in  t)io  0«oIo|;y  of  Toxnrt.l    New  York  Lyc^-nin  NatlllHt.  Proc.,  vol.  2, 1874, 
p  t;t». 
■'*  KiMinrkH  cm  goolosy  of  WrMtoni  'IVxan.    Now  York  I.yci'nm  Nat.  HiHt..  Proa  vol.2, 1874,  p.  70. 

*  Firrtt  aiinii:tl  n*poit  of  tin-  c»H>lo;:i4'aI  and  n<;ricnltiir:il  Biirvoy  of  TexaH.     llonnton,  1871,  p.  71. 
iSci'iuuI  aiiniial  rrport  of  tlio  jrooloiririil  an«1  .i;;ri<Milt.unil  survey'  of  Tos.a<i.     lloaaton,  1 878,  pi  iO. 

*  Note H  i>n  PiiU'ozoic  rucks  of  Cuutrul  ToxaM.    Am.  Jour.  Soi.,  3(1  ner.,  vol.  28, 1884,  p.  433. 
«(>/».  HL.  p.  432. 


wiLcon.]  ARIZONA.  219 

is  by  Prof.  T.  B.  Gomstoek.'  He  divideti  tbo  rocks  referred  to  the  Oam- 
briui  into  the  Hiokor;  eeriea  (Lower  OambrianT),  the  Riley  serieB 
(Middle  Cambrian  T),  and  the  Katemcy  (Potadam)  series  {Upper  Cam- 
brian t).  The  snppoBition  that  the  Lower  Cambrian  and  Middle  Oam- 
briao  are  represented  is  based  upon  the  presence  of  certain  beds  beneath 
Ihe  fossil  iterons  Up[)er  Cambrian.  He  considers  that  the  Hickory  beds 
liHTo  altofrether  a  thickness  of  200  to  260  feet.  The  maximum  thick- 
ness of  tlio  Eiley  series  is  probably  300  to  400  feet.  The  upper  or  Kat- 
emcy series  is  divided  iuto,  Uivision  A,  or  the  Potsdam  sandstone, 
thicknesH  00  to  UOfeet;  Division  1i,tlie  Potsdam  fltiga,  probable  thick- 
ness 50  feet;  Division  C,  the  Potsdam  limestone,  200  feet. 


As  geologist  of  Lieat.  J.  C.  Ives's  expedition  to  the  Colorado  River 
of  the  West,  Prof.  J.  8.  Newberry  was  the  ilrst  one  to  recognize  the 
presence  of  a  sandstone  resting  uiwn  the  Archean  granite  in  the  "Big 
Canon"  of  the  Colorado.  A  diagrammatic  cro8H-)scution  of  the  canon 
represents  the  "Potsdam"  sandstone  uucon  form  ably  superjacent  to 
the  granite  and  conformably  subjacent  to  strata  doubtftiljy  identified 
as  Silurian.*  In  the  text  it  is  said  "the  Potadam  (f)  saudstoue  which 
is  largely  developed  in  the  Great  Canon  is  a  coarse  Hiliceons  rock  that 
uinst  have  been  derived  from  the  erosion  of  land  at  no  great  distance." ' 

A  section  at  Diamond  Crecli,  as  described  by  the  same  author,  in- 
cludes a  conglomerate  .1  feet  in  tbickuoss  resting  on  tlie  granite,  above 
whieb  occurs  820  feet  of  sandstone.  Of  the  uiiper  beds  of  the  sand- 
stone, No,  10  of  the  section,  Prof.  Newberry  says: 

Tho  foliated  sanilHtonoH  of  No.  II)  bnvo  au  indeseribalile  look  of  nnliijiiitj.  Thny 
aro  usually  flnu  grained  ami  bani,  tbn  lighter  oiiks  drab  or  griiy,  B|icckli!<l  witb  dnrk 
red.  Tho  slialos  above  and  holow  thuso  Handntotioa  arc  very  Hoft  red  or  grcoii  innd- 
etonoB,  contniniug  gruat  Diinibors  of  cyliudrioul  bodioa,  which  r<>Bouiblo  the  omtii  of 

NoH.  13  nnil  Vt  aro  conran  fiiliceniiH  nickH,  Imviiig  the  sauio  ftppearonce  of  nxtrome 
age  an  Ko,  10,  but  muoli  conraor  utul  iiioro  iiiiisaivo.  Tlie  litlioliijrical  cliariictura  of 
tbcso  Btriitit  am  striking; ly  Ilka  tbiwoof  much  of  tbe  I'utwiaiti  HundHtoiie  of  tboox|io- 
siireH  I  have  examined  of  ttiat  ruck  on  Lako  tiii|>i'rior  and  iti  Canada.  *  *  *  Id 
tbe  aliBcnco  of  fiHuilB,  wbatevor  conclnHioiL'i  may  bn  arrired  at  iu  rotfani  to  the  age 
of  IboHB  BanilatooeH  inuat  bo  iu  aome  d«Km>^  cuii,ji>ctiira1  and  liable  tu  moiliflcatiOD  by 
tbe  diM^ovory  of  now  fnctti;  yet  tho  ovidcncn  ia  In  a  gnnii  dogreo  BatiafiLctory  that 
tltey  an>  the  eqiiivalaiit  of  the  Putadam  aaTiclaloiic  of  tho  Now  York  geologista.  The 
iuilicationa  of  thia  identity  aro  found  In  their  great  rolalivo  anti<intty  and  in  tboir 
I  i  tliological  cbaractera.'' 

Attention  is  called  to  the  rcscniblnnco  of  these  sandstones  to  those 
of  tho  Dlack  Hilts  which  occupy  the  same  relative  stratigraphic  posi- 

'A  iiTotlminiU'y  report  ud  lbs  gi^yWits  at  thi- rfiiiml  miiKinl  ri'eltui  nf  Tl-im.  iHt  Ann.  Itnp.  Oval. 
Kiirr.  of  Toiu  for  18«0.  IBW.  pp.  2»>  ZM. 

>acnln|>li-nl  rPiHirt.  Knport  uiwa  (lie  Uulorado  KiTBcur  Urn  Wvll^eIIll.  In  lUT-'M  b;  lion  I.  J.  C. 
lT«a.    riirtiil.l»(>I,p.42.  , 

■Op.elt.,1147. 
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tion,  and  which  contain  the  Potsdam  fauna,  as  identified  by  Dr. 
llaydon.* 

When  describing  the  section  of  the  Grand  Oaiion  of  the  Colorado 
where  it  passes  through  the  Kaibab  plateau,  Msy.  J.  W.  Powell  states 
that  the  summit  of  the  section  was  formed  by  Oarboniferous  limestone. 
This  extends  from  tlie  edge  of  the  plateau  down  3,500  feet,  and  beneath 
it  occurs  1,000  feet  of  conformable  rocks  of  undetermined  age.  These 
in  turn  extend  down  to  the  unconformity  between  them  and  the  subja- 
cent 10,000  feet  of  strata  that  were  subsequently  referred  to  tbo  Grand 
Canon  group.  At  the  close  of  the  same  paragraph,  in  speaking  of  the 
latter  series  of  rocks,  he  says : 

The  beds  thcmsclveH  arc  not  conforinablo  to  the  overlyiDg  Carboniferoiis  rocks; 
that  iBf  the  Curbouiforoas  rocks  are  spread  oyer  their  upturned  edges.* 

It  thus  appears  that  all  of  the  strata  down  to  the  unconformity  wore 
referred  to  the  Carboniferous.  This  includes  the  series  of  sandstones 
referred  to  the  Potsdam  by  Dr.  Newberry. 

As  the  result  of  his  studies  of  the  lower  strata  of  the  Colorado  Caiion 
region  at  Diamond  Creek  and  at  the  mouth  of  the  canon,  Mr.  G.  K.  Gil- 
bert in  1874  designated  the  series  of  sandstones  referred  to  the  Potsdam 
by  Newberry,  as  the  Tonto  group,  and  considered  it  to  belong  to  the 
Primordial  division  of  the  Silurian.^  The  data  for  this  conclusion  were 
published  in  the  following  year.* 

The  section  at  the  mouth  of  the  Colorado  has  80  feet  of  vitreoas 
sandstone  resting  unconformably  upon  the  granite,  and  G05  feet  of 
shales  alternating  with  limestones  between  the  sandstone  and  a  sui)er- 
jaoent  massive  limestone.*  At  the  mouth  of  the  Kanab  Creek  UK)  lect 
of  green  arenaceous  and  micaceous  shales  occur  between  the  superja- 
cent massive  gray  limestone  and  the  level  of  the  river.*  From  the 
stratigrapliic  position  of  the  Tonto  sandstone  Jind  shales  and  the  pivs- 
oucc  of  a  species  of  the  genus  Cruziana  he  was  led  to  conclude  that  the 
Tonto  group  is  certainly  Lower  Silurian  in  age.  and  probably  Prinior- 
dial.' 

The  section  of  the  Tonto  series  at  the  mouth  of  the  Grand  Canon  was 
measured  more  in  detail  by  Mr.  A.  1\.  Marvine  in  the  same  year.  He 
traced "  the  formation  to  the  south  and  southeast  along  the  margin  of 

•Op.  Cit.,]!..'!?. 

*  Kxplorsitinn  of  ihn  Colorado  Rivor  of  the  West  ami  its  tributarion.  explored  in  1(4X0, 1870, 1871. and 
1J<72.     \V;JHliiii;;lon.  1875.  ]».  212. 

=«  On  llio  ace  of  th.'  Touto  8:uuli*toin\    (.\ l»str:M:t.)     WapliiiiKton  Phil.  Soc.  Bull.,  vol.  1. 1874,  p.  103. 

^Ri'port  on  tlu"  K»»olo/jy  of  porliuiiH  of  N«.'vada,  Utah,  Uulifurnia,  and  Arir.ona  exaniiuc*!  in  tlif  yisir* 
1871  ami  1872.  Kepurt  on  (roor;.  and  Oim>1.  Kxitl.  ami  Siirvoy  wcat  of  the  100th  ni<>rid.,  in  i-haip-  »f 
LiiMit.  Ct«'o.  M.  \Vh«Mdor,  vol.  3,  (i«M»lo;;y,  1^7.'),  pp.  184  18f5.  li('i»ort  on  the  geolog,v  of  jinrtionn  of  Ni  w 
M.'xiroand  Ariz'Hi.i,  rxaniiiicd  in  1873.     Iltid.,  voi.Il,  187.1.  pp.  521,  522. 

"'  llfjmi  I  iin  tho  ;;i'ol.ii;v  of  portions  of  Nfva'l:*,  Uiah,  California,  and  Arizona  examined  in  the  year* 
1871  find  1872.  ](oporL  on  (ioorr,  nnd  G(mi1.  Evpl.  and  Snrvoy  wofit  of  tho  luOth  merid.,  in  chart!i>  of 
Mont.  (f»«o.  M.  Wlnrli-r,  vol.  3,  Gfoh»;,'y,  1875,  p.  103. 

'■■Op.t:it.,p.  162. 

'Op.  rit  ,]>]>.  185.  ISn.  , 

"I^'port  on  tho  ;,M^i>loj:y  of  ronte  from  St.(;oorj:<«,  Ftnh,  to  Gila  IlivoT,  Arisona,  examineil  in  1871. 
Ilt'pt.  nil  iiooii.  and  Cirol.  F.xpl.  amV  ^UTV.wekM  ol'iU'Kh  niorid.,  in  charf^o  of  Lient.  Goo.  M.  Whefiler. 
VoJ.  3.  (IroIoKy,  1875,  p.  109. 
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the  plateau  that  oxtcnds  soothward  from  the  Grand  Cauon.  The  geo- 
grapbie  diBtribation  of  the  formation  ia  iudioated  on  the  atloe  sheets 
published  by  tho  Wheeler  survey  in  1874. 

When  describing  the  sedimentary  groups  of  the  Plateau  province 
Miij.  Powell  accepted  the  name  Tonto  group,  proposed  by  Mr.  Gilbert, 
b^it  did  not  agree  with  him  in  considering  the  strata  to  be  of  Silurian 
tige.  From  geoloKitsal  considerations  be  was  inclined  to  conaider  the 
Toiilo  group  OS  forming  tho  base  of  tlie  Carbonifcrons  series.  This 
opinion  was  strengthened  by  tho  fact  tlmt  he  found  in  tho  Grand  Canon 
10,000  feet  of  sandstone,  shales,  and  limestones  underlying  tho  Tonto 
wries  nuconfonnably,  and  hence  separated  from  them  by  lung  perioils 
of  erosion,  and  at  the  base  of  the  latter  series  he  reported  finding  Silu- 
rian fossils.' 

Tho  fossils  mentioned  by  Mi^.  Powell  were  studied  by  Dr.  C  A, 
White,  who  identified  tlie  genera  Lingulella  and  Obololla  and  referred 
tbom  to  tlio  Lower  Silurian,' 

Tho  supposed  Primordial  age  of  the  Tonto  scries  was  accepted  by 
Oapt.  0.  A.  Duttou  in  his  account  of  the  physical  geology  of  the  tii-and 
Oafion  district.' 

Tlie  seution  at  tlie  month  of  the  Kanab  Cation  was  studied  by  Mr.  0. 
D.  Wiilcott  in  1880.  lie  found  that  450  feet  of  a  mottled  limestone  and 
]  00  feet  of  areuaceouu  und  ni  iciiceous  shnles  At  the  base  of  the  section 
were  of  Primordial  ago,  as  indicated  by  the  presence  of  the  coueni  Lin- 
gulepis,  Couocepliulites,  and  Hathy  tims  in  the  up[>ei'  portion,  and  in  ad- 
<iition  to  these  Uyoiitken  priniortiialiit,  Lingulepis,  and  Crepieepbalus  in 
tlio  lower  bods.*  Furtlicr  evidence  of  tlie  Cambrian  ugu  of  tbe  Tonto 
group  was  published  bj'  Mr,  Walcott  in  1883.  Fo.ssil.s  representing  the 
genera  Cmziaua,  Litigulepis,  Ipliidea,  Cotiocophalitcs,  Cre[>icep1iulus, 
iind  Dikeluceplialns  were  found  in  the  upper  7VU  feet  of  tbe  sandstones, 
kIdiIdh,  and  limestoucH  that  form  the  upper  part  of  the  group  in  the 
cariou  vallev's  entering  on  the  left  side  of  the  ICaibab  plateau.' 

FALEOHTOLOSr. 

urPEii  Mississiri'i  auka. 

Tlie  first  reference  that  we  find  to  the  fossils  of  tlie  Cambrian  fauna 
of  tho  Upper  Mississippi  Valley  is  by  Dr.  1>.  1>.  Owen  in  his  n^port  of 
184.S  on  a  geologicid  reconnais-siuice  of  the  Chippewa  land  district  of 
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Wisconsin.*  Tiie  fossils  discovered  were  referred  to  the  genera  Asa- 
phus,  Agiiostus,  Triuuclens,  and  Triartbras,  bat  on  PI.  7,  accompanying 
tbe  report,  tbere  is  figured,  but  not  named,  the  head  and  pygidium  of 
Dikelocephalus  minnesotensisj  and  a  species  of  Ptychoparia  as  now 
known. 

In  a  later  pai)er  in  1851  on  the  paleontology  of  the  lowest  sandstones 
of  the  Northwest  he  gives  the  name  ^'  Dikello-Gephalon "  to  a  large 
genus  of  trilobites  obtained  in  the  lower  sandstone  formation.*  He  also 
notes  the  discovery  of  Lingulas  and  Orbicnlas  by  himself  in  1847attiie 
Falls  of  St.  Croix,  and  the  discovery  of  fossils  on  the  Mississippi  Biver 
between  the  Falls  of  St.  Anthony  and  the  Wisconsin  Biver,  the  pres- 
ence of  trilobit«s  in  the  sandstone  10  miles  below  Mountain  Island,  etc. 

One  of  the  first  species  described  from  the  *^  Potsdam  ^  sandstone  of 
Wisconsin  is  Qraptolithua  hallianwi  Prout,  1851,  from  the  middle  iK>r- 
tioii  of  the  formation  at  Osceola  Mills,  near  the  falls  of  St.  Croix 
Kiver.^ 

The  occurrence  of  the  Potsdam  fauna  in  the  sandstone  of  northeast- 
ern Wisconsin  is  noted  by  Prof.  James  Uall  in  his  report  to  Messrs. 
Foster  and  Whitney.^  He  describes  and  illustrates  Lingula  prima  Con- 
r<id  (p.  20'i),  Lingula  antiqua  Hall  (p.  204),  and  an  undetermined  species 
of  Dikelocephalus  (p.  205). 

We  note  that  Lingula  prima  was  subsequently  described  by  Hall  as 
Obolella  poUta^  and  that  Lingula  ajitiqua  equals  lAngulepis  octtmimito 
of  Conrad  and  the  Lingulcpia  pinnajbrmia  of  Owen. 

From  the  material  collected  from  tlie  lower  sandstones  of  Wisconsin 
(the  Potsdam  sandstone  of  Now  York)  Dr.  Owen  described,  in  1852,  the 
following  genera  and  species:  ^ 

DIkeloocpIialiis  (n.  ^oii.)>  P-  573.  Louchocophalus  (n.  gon.),  p.  575. 
DiiDiiOHottMiHiH,  p.  574.  cliippcwaeiisiH,  p.  576. 

pepiiiensis,  p.  r>74.  hamulus,  p.  57G. 

iiiiiii8caenKi>,  p.  r)74.  Cropiccpbaliis  (u.  gen.),  p.  576. 

iowciisis,  p.  iiixi.  Mciiocophaliis  (n.  gen.),  p.  577. 
granulosus,  p.  575. 

In  the  de«cnption  of  PI.  1  the  species  Menocephalus  minnesotensis  is 
namc<l  and  figured  (Fi*^.  11);  also  Crcp\cei)hahi4i  f  icisconsensis  (Fig. 
13),  and  on  PI.  la,  Crcpivcphaliia  (?)  miniifcaensia  is  named  and  illus- 
trated (Fig.  14).  On  PI.  l/>,  the  species  Lingula  pinnaformis  is  proposed 
and  illustrated  (Figs.  1,0,  8);  Lingula  ampla  is  figured  and  named 


'  Krp<irt  of  a  ;;iMilo^ical  n:c«>iiiiaiMH:iiict'  uf  thi.>  f-hippowa  land  <liHtrict  of  Wisconsin  ;  ui«l  incideat- 
ally,  (.f  a  part  of  Iowa  and  of  the  Miiiiiosota  TiMiiltny.  LeMi»r  of  tlio  Secretary  of  the  Treasary  com- 
inniiii-atiii^  a  n'port  of  a  m'olon'u'al  rrconnaittAaiici'  oJ  Mii'>  Cliippowa  land  distKct  of  Wisconsin  (etc), 
by  1).  I>.  (Um'ii.    Thirtiolh  (Jonirn-Hft.  Ist  Se8rt.,  Scnatn  Ex.  Dot-.  No.  57,  1848,  pp.  13  15. 

'  -Vin.  Ahsoc.  Pioc,  vt)l,  5,  l<^r>l.p.  171. 

*  Df.scnptiiin  of  a  now  (iia]>toliti*  fonnd  in  tlio  Lower  Silurian  rocks  near  the  falls  of  the  St  Ci«i» 
Uivi-r.   AiiKJour.  Sci.,  lldsin-..  vol.   11,  I/jol.  p.  189. 

*  !>«'»rrii>tion  of  new  or  rare  spcoity*  uf  fos.sils  from  tlir  Paleozoic  Aeries.  Rfpt.  on  the  geology  of  the 
I-«ikc  Supfrior  land  diHtrict.  by  IM^^«t^■r  and  Wliitnrv,  pt.  2.  18;»1,  pp.  203-231. 

sjifol.  Siirv.  ol  Wise,  Iowa,  and  Minn.,  and,  incidentally,  of  a  purtioc  of  Nobraak*  Territory.  FbUa* 
dolphiu,  1852. 
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{FigR.  6, 12),  togetlier  with  flgaraa  of  Ungula  antiqua  and  Z.  prima,  and 
a  DQmber  of  others  placed  nuder  Obolaa  and  Orbioula. 

Mr.  Edward  Daniels  stated  in  185S  that  uik>q  a  smnll  inland  in  Blaok 
Biver  he  had  fonnd  perfect  impressions  of  crnstaoeans  coimiatiDg  of 
double  rows  of  parallel  traoka,  preoiseiy  like  those  in  Montreal.'  (Pro- 
ticfauites  of  T»gan.-~0.  D.  W.) 

In  the  report  of  the  snt>erintendent  of  the  geological  survey  of  Wis- 
consin, Prof.  Ilall  describes,  from  the  Potedam  sandstoue : ' 
LinguU  pnlihi,  p.  24.  Tbeon  piiuordiitlui,  p.  id. 

Liii>;Qla  aarora,  p.  S4.  Serpnlites  niurobuuuia,  p.  46. 

lu  the  geological  vohiiue  he  illustrates:  ^ 

GraptoIitlius(Den<ltogiaptuH)faal-     Tlieca  pTiiiiordiuliii,  p.  tit. 

liaDus,  p.  til.  Svtpuliteii  luutcliiiwiiii,  p.  21. 

Lingulft  polito,  p.  21.  DikelocepLultu  uiiDnwoteunU,  p. 

piDuafOTubj,  p.  SI.  22. 

aDtiqua,  p.  21.  '  D.  pepineuwB,  p.  32. 

aurora,  p.  31. 

In  a  letter  to  Principal  J.  W.  Dawson,  Prof.  Ilall  describes  a  new 
crnstaceau  from  the  Potsdam  sandatoue  under  tlie  generic  name  of 
Aglaspis,  stating  it  to  be  the  same  form  moutioned  iu  a  communication 
to  the  Albany  Institute.* 

In  18C2  Prof.  0.  H.  Uitchcock  pnbliahed  a  list  of  tlie  fossils  of  the 
Potsdam  group  iu  North  America,  including  iu  it  all  the  spcciea  known 
to  liim  described  from  the  Potsdam  sandstone  and  also  from  the  strata 
now  referred  to  the  Cambrian  of  other  parts  of  North  America.  Tbe 
list  includes  oue  hundred  and  tbirty-i'our  species.* 

Iu  1802  Prof.  B.  F.  Shumard  describes  from  the  Potsdam  saudstone 
of  Wisconsin  and  Missouri  the  following  species:* 
DiktilocoplialiiB  latirrouii,  p.  101. 
Arionelliifl  tiipuDctatuH,  p.  101. 
CoDOCoplinlitoB  niiDor,  p.  105. 

He  also  noticed  under  tbe  name  of  Conoccphalitcs  ioicensis,  the  i>iftel- 
ocepkaluK  (I)  ioicensU  of  Uwcu  (p.  10^),  and  Crrpicephaliia  (f)  iphconsemis, 
under  tbe  name  of  Conooephalitcs  lemoatemia  (p.  103).  The  Loncho- 
c^halm  chippeictiensis  Owen  and  L.  hamulus  are  both  referred  to  tbo 
genus  ConoccpfaaliteK  (p.  10^).  A  species  of  Agnostus  was  referi-ed  to 
Agnostus  orion  (T)  of  Billings  (p.  ](I5}. 

>  NoU«  OD  Rcology  Of  Wuooniilu  aail  adJuoDiit  HUtoa.  UuntaB  Soo.  Hftt.  UUI.  Ptac.,  to).  0,  18SD,  p. 
310. 

■Utjpoft  or  IhD  snpcrlnlBnilpiit  oribegwiloKlcnl  unrvoy  (ot  Wlaconjiln),BihlbUlliB  «io  pnigteMot 
(lie  walk.    JmuHj  1.  IMt.    UiHliHjD.  letl.  |>p.  K. 

'Pkjtieti  neognti'tij  ana  Ke.aisral  ifeoJoeS'    Qwil.  Sarr.  Wiscnnnin,  Knport.  tdI.  1,  IMS,  pp.  l-K. 

•  On  ■  new  cruiEawnn  front  (be  I'ntedam  iiindst^inc.    C'saadisn  NstuniKst.  tdI.  T,  IBOS,  p.  IIS, 

■FOHlla  of  (he  PoUdani  aroap  In  North  Amorlca.    rortlana  Soc.  H«t.  m»l.  Pfqo,,  lol.  1,  1882.  pp. 

ar-M. 

•XoHm  ot  lonie  new  unrl  lni|>erfcclly  known  fow 
sDd  Caldfeiooi  Bt&d.gioap  ot  WjmoubId  Rnd  Mil 
lai-Ui. 
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^IiL  the  same  year  Prof.  James  Hall  read  before  the  Albany  Institate 
a  preliminary  notice  'of  the  fauna  of  the  Potsdam  sandstone,  wiUi  re- 
marks upon  the  previously  known  species  and  descriptions  of  some  new 
ones  from  the  sandstone  of  the  Upper  Mississippi  Valley.  This  was  first 
published  in  the  Sixteenth  Keport  of  the  State  Cabinet  of  Natural  His- 
tory in  18G3,  and  in  18G7  in  the  Transactions  of  the  Albany  Iiistitate. 
The  new  genera  and  species  described  are  as  follows:^ 

eryon,  p.  157. 

anatiuns,  p.  158. 

patersoniy  p.  1&9. 

f  binodoBOBi  p.  160. 

winona,  p.  161. 

diadcmatosi  p.  167. 
Ptyohaspis  sp.f,  p.  174. 
Chariocephalas  whitfieldt,  p.  175. 
nitunaraB  qnadratos,  p.  176. 
Triartbrella  aaroraliB,  p.  177. 
AgnostuB  joaepha,  p.  178. 

pariliB,  p.  179. 

disparillB,  p.  179. 
AglaspiB  barrandi,  p.  181. 
PeinpbigaBpiB  buUata,  p.  221. 
Ampbion  f  matatinak  p.  222. 
ConooepbaliteB  f     (ArioQeUus  T) 
dorsalis,  p.  222. 


Liugula  wiuona,  p.  126. 

inosia,  p.  126. 

aurora  var.,  p.  127. 
Di8oina(f)  iuntilis,  p.  130. 
OrtbiB  pepina,  p.  134. 
PlatyceraB  primordialis,  p.  136. 
EuoinpbaluH  (?)  vaticiniiB,  p.  136. 
DikelooepbaluB  ininnoBoteusiB 

var.  limbataB,  p.  141. 
DikelocepbaluB  mmneaoteuBis 

var.,  p.  141. 
DikelocepbaluB  spiuingor,  p.  143. 

iniBa,  p.  144. 

oBceola,  p.  146. 
ConoceplialitoB  eos,  p.  151. 

perBeuB,  p.  153. 

Bbnuiardi,  p.  154. 

DaButuB,  p.  155. 

oweni,  p.  155. 


Couocepbalites  optatna,  p.  222. 

Of  si>ecies  previously  described  he  redescribed  and  illustrated : 

Grax>tolitbu8  halliauus,  Prout.,  as  DeudrograptuB  ballianus,  p.  124. 
Liugiilii  niupla,  Oweu,  p.  125. 

aurora,  Hall,  p.  12G. 

piiinaformis,  Owon,  as  Lingiilopis  piunaformis,  p.  129. 
Obolus  apolliiius  Owen,  as  Obolella  ?  polita,  p.  133. 
Lingulaf  polita  Hall,  as  Obolella  f  polita,  p.  133. 
Theca  xmiiiordlalis  Hall,  p.  135.* 
Serpulit.cs  inurcbison),  Hall,  p.  136.*  * 
DikelocepbaluB  uiinne80tcn.si8,  Oweu,  p.  13d. 

pepiiieiisis,  Owen,  p.  142. 
Couocepbalites  miuor,  Sliumard,  x>*  149. 

luinutUH,  Bradley,  p.  ir)0. 
DikelocepbaluB  iowensis,  Owen,  as  Conocepbalites  iowoDBiB,  p.  162. 
Crepicepbalusf  wisconsensis,  Owen,  as  Couocepbalites  wiDConsenBis,  p.  164. 
Loncbocepbaliis  bauiulus,  Oweu,  as  Couocepbalites  bam al us,  p.  166. 
Ariouellus  bipunctatus,  Sliumard,  p.  169. 
DikelocepbaluB  niiniscaeusis,  Owen,  as  Ptycbaspis  miniBoaonsiBy  p.  171. 

granulosus^  Oweu,  as  Ptycbaspis  granulosa,  p.  173. 

Agnostus  orion  (!)  Billings,  noted  by  Shumard,  is  described  as  Agnos- 
tn8  josepha  (p.  178).    The  genus  Dikelocephalus  is  redefined  (p.  137), 

'  Pruliiiiinary  notieo  of  the  fauna  of  the  PotHilam  sandatone,  with  remarks  on  the  previoaaly  kiiovn 
npecicH  of  foHsiU  uml  dodcriptioiiH  of  rtomo  new  ones  from  the  Rjindetono  of  the  Upprr  Hiniaaippi 
VaUoy.  10th  Ann.  Hop.  lle^^vuts  IJuiv.  State  Cab.  Nat.  Hist..  1803,  pp.  119-230.  Albany  Inat.  Tm»^ 
vol.5.  1HC7,  pp.  irj-i9r». 

'  Images  135, 130  each  have  an  asterisk  (*)  placed  after  them  to  indicate  interpolated  pftSM. 
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and  tho  genua  Obolella  of  Billingfi  Is  described  with  special  reference 
to  tbespeoiea  Oboletlapolita  (pp.  131-131). 
Tlie  nev  genera  described  are: 

LiDgalepis,  p.  IS9. 
Ptyolioapls,  p.  170. 
ChBrlocepliftlua,  p.  175. 
lUienariu,  p.  176. 
TriarChrella  (snbgenua),  p.  177. 
Aglaspis,  p.  181. 
PeuipbigBspia,  p.  321. 

TLe  genas  Oonaspis  is  proposed  in  the  event  of  a  new  generic  gronp 
Iteing  formed  of  Conocephaliteg  persem,  C,  skumardi,  C.  naKutim,  C. 
oweni,  C.  eryon,  C.  anatinwn,  and  C.  paternoni  (p.  152). 

I'rof.  Hall  states  that  he  was  unable  to  recognize  the  »ix  auocessivu 
trilobite  buds  of  the  sandstone  as  indicated  by  Dr.  Owen,  bnt  lie 
nevertheless  refers  the  species  described  to  three  dillereut  epuehs  of 
the  Potsdam  period,  as  follows: 

In  the  lower  liodit  of  the  formation  I  havo  found  CDnoceiiimlitus  propor,  trOfjntlier 
with  Liuf(ala,  LlogiilcpiB,  Obolellal  and  Tliooa.  In  the  miiUtlo  stitgc,  iieithi^r  l.liit 
limita  of  tho  bods,  nor  tho  rango  of  HpecioH  or  ({unora,  have  boon  ao  wiilt  iltturiniiiuil ; 
but,  groiipliif;  to^'etlior  all  that  I  havo  found  botweuti  the  wcll-dofliiml  upper  builn 
and  tbe  lower  foMilfuroua  beds  kaowa,  we  have  Couocephfllit«i>,  Dikotocophalim,  AH- 
uuellnH,  rtjchospia,  Chariocephalus,  Illii-niiTUB  and  A);uoattM,  in  ttie  trilobitic  fannii, 
tnguthet  with  Orthis  and  Flatfcoras. 

The  Grnptolitidii!  apparently  begin  thoir  existence  souievrhen!  in  this  central  ei>ocli, 
bnt  their  precise  relations  to  the  other  betls  bsve  not  been  do  torn)  in  oil. 

In  the  higher  beds  of  the  formation,  and  clearly  separntcd  fniin  the  grent  (central 
moHH,  we  have  the  genera  Dikelocephalns.  Triarthrella,  and  A^jlaipis,  tv;;uthitr  with 
Ling  III  it,  Serpiitltes,  and  Enomphalnij. 

We  observe,  tlierefore,  that  tbe  oarlieet  triloliitofi  are  referable  t»  the  gmns  Cimo- 
cephalitcH;  and  the  {[onna  Dikeloccphalua  dooH  not  apiieur  in  the  lirHt  sCa^UH  iif  tho 
forination,  nor  below  the  beds  which  I  have  referred  to  tho  Hiwiiid  or  niiddio  i)ta<^  of 
tho  period.  There  this  genus  appears  iu  three  npccioa,  Hnialler  and  letw  conapivnonH 
tlinti  those  in  the  higher  lieds.  It  in  only  in  tho  Inter  ftagi.'H  of  the  aaudHtone  Ihul 
tbe  typici^  apeciea  of  thia  gi'-ana  of  l>r.  Owen  nppiiar,  iind  thuxe  from  tho  lowor  beits, 
tbna  ^(^fe^rod  by  him,  bnlonK  apparently  to  other  genera.' 

From  a  small  collection  of  fossils  from  the  Potsdam  sandstone  of 
Sank  Ooiiuty,  Wisconsin,  Dr.  Alexander  Wincholl  describes  in  ISI>1 
four  new  species  and  mentioms  tlic  presence  of  some  others  tbat  bave 
been  described.*    Tbe  new  species  are : 

Orthis  liarabneuaiH,  p.  'UK 

StraparolluR  (Ophiluta)  primurdialis,  [>,  'tiB. 

Plourotomaria  f  ailveua,  p.  '^f*. 

PtychnapiH  barabuonsis,  p.  '£10. 

He  mentions  the  occurrence  of  tfuolithim  linearis  (p.  227)  and  fHket- 
ocephalun  mmH&(Otc»!ii»  and  I>ikelocepkalm  pepiiieimls  (p.  i;2i>).  I''n>ni 
the  Lake  Superior  sandstone  he  describes  l'al^oj>hycm  articnlattin  (p. 
231)  and  P.  informtJi  {p.  2:12).    Tlie  two  latt<'r  species  are  doulitfiilly  i-e- 

>l>p.  Ht.,  |i.  IS3. 
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ferred  to  the  Oambrian  faima.  In  this  paper,  Dr.  Winchell  points  oat, 
or,  rather,  he  claims,  that  Dikelocephalos  and  Ptychaspis  occar  at 
the  recognized  base  of  the  Potsdam  sandstone.^ 

The  preliminary  notice  of  the  fanna  of  the  Potsdam  sandstone  of 
the  upper  Mississippi  Valley  read  before  the  Albany  Institute  in  1862, 
by  Prof.  J.  Hall,  was  published  with  illustrations  in  1863,  as  has  been 
noticed.  The  original  paper  appeared  in  1867  in  the  transactions  of 
the  Albany  Institute.  The  descriptions  are  the  same  as  those  of  the 
paper  of  1863,  with  the  exception  of  the  omission  of  those  of  Theca 
primordialis  and  SerpuUtes  murchisimu 

From  the  material  collected  by  the  Wisconsin  Geological  Survey  Prof. 
B.  P.  Whitfield  described  in  1878  under  the  title  of  Potsdam  sandstone 
species  :* 

Palsophyoas  plumosoB,  p.  50.  Ptychaspis  striatus,  p.  56. 

Trlplesia  primordialiSy  p.  51.  minnta,  p.  55. 

Pa]feacm»a  irvingi,  p.  51.  Agranlos  (Bathynrns  f )  woosteri, 

Bellerophon  antiqaatas,  p.  52.  p.  56. 

Conocephalites  oalymenoides,  p.     Arionellas  (Agranlos)  oonvexiis, 

52.  p.  57. 

Crepicephalos  onastas,  p.  53.  Eliipsooephaliis  carta,  p.  58. 

Dikelocq^halus  ffranulostiSfOweiij  is  redefined  under  Ptychaspis  granu- 
losa^  but  not  the  Ptychaspis  granulosa  of  Hall  (p.  54).  Ptychaspis  ^ant«- 
losa,  Hall,  is  redescribed  as  P.  striata  (p.  55). 

In  1879  Prof.  T.  0.  Ohamberlin  referred  to  some  tracks  found  on  the 
Potsdam  sandstone  by  Bev.  A.  A.  Young,  of  New  Lisbon,  Wisconsin. 
He  named  Olinuictichnites  youngi  and  C.fosteri.  The  material  was  sub- 
sequently studied  by  Mr.  J.  E.  Todd,  who  published  an  illustration  and 
description  of  the  species.  These  tracks  or  trails  are  congeneric  with 
Climactichnites  wiUonij  described  by  Logan  in  1863,  from  Perth,  Canada.' 

In  1882  in  his  final  report  on  the  paleontology  of  Wisconsin,  Prof. 
E.  P.  Whitfield  described  from  the  Potsdam  sandstone  the  foUowiug 
new  species:* 

Holopea  sweeti,  p.  174.  Dikelocepbalua  lodensis,  p,  188. 

Conocephalites  T   quadratns^   p.     Aglaspis  oatoni,  p.  192. 

180.  Areiiicolites  woodi,  p.  177. 

( Ptychaspis  T)  explanatus,  p. 

181. 

He  also  describes  and  illustrates : 

Paleophycns  plumosus  Whitf.,  p.  169. 
Lingulepis  pinnaformis,  Owen,  p.  169. 
Orthis  pepina,  Hall,  p.  170. 

barabaensis,  Winchell,  as  Leptsena  barabaensis,  p.  171, 
Trlplesia  primordialis  Whitt.,  p.  172. 


>  Op.  cit.,  p.  22G. 

"PrellmlDary  desoriptions  of  new  species  of  fossils  from  the  lower  geological  formations  of  Wiscon- 
sin.   Geol.  Surv.  of  Wisconsin,  Ann.  Rep.  for  1877, 1878,  pp.  50-58. 

'A  description  of  some  fossil  tracks  from  the  Potsdam  sandstone.    Wisconsin  Acad.  Set,  Trans., 
vol  5,  1882,  pp.  276-281. 
'Paieontology  (of  Wisconsin).   QooVogt  ol  '^\w»Ttthi^N^\AA^®f^^V&A^ft-\»^ 
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PalsBaom»a  irvingi,  p.  173. 

StraparoUas  (Ophileta)  prlmordlaliB,  Winchell,  as  Ophileta  (Raphi- 

stoma)  primordialis,  p.  173. 
Theca  primordialiB,  Hall,  as  Hyollthes  primordialis,  p.  175. 
Bellerophon  antiquatnsy  Whitf.,  p.  176. 
Conocephalites  oalymenoides,  Wbitf.,  p.  179.- 
Crepioepbalos  onnstas,  Whitf.,  p.  182. 

Conocephalites  gibbsi,  Wbitf.,  aiis  Crepicephalus  ?  gibbsi,  p.  184. 
Dikelocepbalos  grannlosos,  Owen,  as  Ptyobaspis  granalosai  p.  185. 
Ptycbaspis  granulosa,  Hall,  as  P.  striata,  p.  186. 

minuta,  Wbitf.,  p.  186. 
Dikelocepbalos  minnesotensis  Owen,  p.  187. 
Agraalos  (Batbynrusf)  woosteri,  Wbitf.,  p.  189. 
Arionellus  (Agraulos)  convexus,  Wbitf.,  as  Arionellus   convexns, 

Wbitf.,  p.  190. 
Ellipsocepbalos  cnrtos,  Wbitf.,  p.  191. 

In  the  preliminary  remarks  on  the  fauna  he  says : 

0 

It  is  a  matter  of  considerable  interest  tbat,  in  different  localities  of  tbe  Potsdam 
formation,  tbe  forms  of  trilobites  found  are  generally  specifically  distinct ;  and  not- 
withstanding tbe  large  number  of  species  already  described  from  this  formation,  both 
in  tbis  Sfcate  and' other  parts  of  the  country,  other  new  forms,  readily  detected  by 
those  familiar  with  tbe  several  details  of  structure  peculiar  to  these  animals,  are  met 
with  at  almost  every  new  locality  examined.  Tbis  change  in  species  between  dif- 
ferent localities  is  usually  accompanied  also  b  y  some  slight  difference  in  tbe  material 
or  composition  of  tbe  rock,  which  not  only  shows  tbat  tbe  species  were  of  short  dura- 
tion in  time,  or  that  they  were  restricted  to  limited  geographical  areas,  but  that  a 
change  in  the  conditions  of  life  and  circumstances  under  which  tbe  animals  existed, 
and  with  which  they  had  to  contend,  was  constantly  taking  place.  How  much  these 
circumstances  or  conditions  had  to  do  with  the  production  of  forms,  or  modification 
of  types  among  them,  it  would  be  difficalt  to  determine;  but  one  thing  is  certain, 
that  where  tbe  same  character  of  rock  and  apparent  conditions  of  deposition  prevail 
over  a  limited  geographical  area,  or  are  repeated  within  a  slight  vertical  range,  we 
are  pretty  sure  to  find  tbe  same,  or  closely  allied  forms  represented,  showing  tbat 
under  like  conditions  similar  forms  prevail.^ 

In  1883,  when  describing  the  life  of  the  Potsdam  epoch,  in  the  (Gen- 
eral Geology  of  Wisconsin,  Prof.  T.  C.  Ghamberliu  illustrates  the  fol- 
lowing species :  ^ 

PalsBopbycus  plumosus,  p.  125,  Fig.  11. 
Bellerophon  antiquatas,  Whitfield,  p.  1^^,  Fig.  12,  a,  b. 
Ophileta  primordialis,  Wincbell,  p.  120,  Fig.  12,  c,  d. 
Holopea  sweeti,  Whitfield,  p.  126,  Fig.  12,  o. 
Palacacmsea  irvingi,  Whitfield,  p.  126,  Fig.  12,  f. 
Platyceras  primordialis,  Hall,  p.  126,  Fig.  12,  g. 
Serpulites  murcbisoni.  Hall,  p.  126,  Fig.  12,  b. 
Theca  primordialis.  Hall,  p.  126,  Fig.  12,  i. 
Dendrograptus  hallianus,  Front,  p.  126,  Fig.  12,  j. 
Lingula  antiqua,  Conrad,  p.  127,  Fig.  13,  b. 
Lingulella  stoneana,  Whitfield,  p.  127,  Fig.  13,  a. 

aurora.  Hall,  p.  127,  Fig.  13,  c. 

ampla,  Hall,  p.  127,  Fig.  13,  d. 

mosia,  Hall,  p.  127,  Fig.  13,  e. 

iQp.  dt,  pp.  163. 184. 

>Oenenaaeok>gy.   HiBtorioal  Oeolo/gr.    Paleozoic  Era.    Qeo\.Vf\A.^nrT«^  olY^WSV^^^^^VO^^^ 
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liinj^nlepis  piniiafonuis,  Owoii,  p.  127,  Fig,  13,  f,  g, 
Obolella  polita,  Hall,  p.  187,  Fig.  13,  h. 
Orthis  pepina,  Hall,  p.  127,  Fig.  13,  i,  j,  k,  1. 
Triplesia  primordialie,  Whitfield,  p.  127,  Fig.  13,  m. 
I^ptiena  barabaensis,  Winchell,  p.  127,  Fig.  13,  n,  o« 
Aronicolites  woodi,  Wliitfield,  p.  128,  Fig.  14,  a,  b. 
Dikelocepbalas  sp.  T,  p.  129,  Fig.  15. 

lodensis,  Whitfield,  p.  130,  Fig.  16,  a,  b. 

pepinensis.  Hall,  p.  130,  Fig.  16,  c,  d,  o,  f. 
Aglaspis  eatoni,  Whitfield,  p.  130,  Fig.  16,  g. 
ChariocephaliiB  whittieldi,  Hall,  p.  130,  Fig.  16,  h. 
Arionellas  convexas,  Whitfield,  p.  130,  Fig.  16,  i. 
Btychaspis  minata,  Whitfield,  p.  130.  Fig,  16,  j,  k. 
lUamuras  qnadratuH,  Hall,  p.  130,  Fig.  16, 1,  tn.  n,  o,  p. 
Cropiccphalos  gibbsi,  Whitfield,  p.  130,  Fig.  16,  q. 
Conocephalites  wisconseusis,  Owen,  p.  131,  Fig.  17,  «,  b,  o. 

calyinenoides,  Whitfield,  p.  131,  Fig.  17,  d. 
Agnostas  josepba.  Hall,  p.  131,  Fig.  17,  e,  f. 
EUipsocephalus  ciirtos,  Whitfield,  p.  131,  Fig.  17,  g. 
Agraiilos  wooateri,  Whitfield,  p.  131,  Fig.  17,  li,  i. 
Feraphigaspls  bullata  HaU,  p.  131,  Fig.  17,  j. 
Climactichnites  yoaiigi,  Chambcrliii,  p.  132,  Fig.  18. 

foBteri  Cbaniberlin,  p.  i:i2,  Fig.  18. 

Tlio  species  Orthis  remnichia  and  O.  sandbergi  are  desoribed  in  1886 
by  Prof.  N.  H.  Winchell  from  the  St.  Croix  sandstone.' 

In  1890,  IVIr.  C.  D.  Walcott  described  the  following  species  from  the 
Upper  Cambrian  of  Wisconsin  and  Minnesota :  ^ 

Met'Optoina?  luinneiskensiH,  ]>.  267. 

?  peracuta,  p.  267. 
Comilaria  cjiinbria,  ]k  270. 
Spirodcntaliuiii,  n.  gen.,  p.  271. 
Spirodontalium  osceola,  i>.  271. 
rtychoparia  connata,  p.  272. 

poro,  p.  274. 
Agraiilos?  thea,  p.  277. 

KEI)   SANDSTONE   OF    F.AKE   SUPERIOR. 

On  PI.  I  0  and  ir,  Figs.  1  and  2  of  the  illustrations  in  the  Geological 
Keport  of  Wisconsin,  Iowa,  and  Minnesota,  1852,  Dr.  D.  D.  Owen  fig- 
ures certain  niarkinjcs  he  observed  on  sandstones  from  the  northwest 
shore  of  Lake  Superior,  lie  considered  they  probably  indicated  the 
remains  of  fossil  sea- weeds  or  fucoids. 

There  is  a  specimen  in  the  collections  of  the  National  Museum,  la- 
beled *' Plants  of  Lake  Superior,  I).  I).  Owen.-'  The  specimen  looks 
very  much  like  the  sandstones  of  the  interior  of  Wisconsin,  and  is  cov- 
ered with  casts  of  annelid  trails,  more  or  less  crushed  and  matted  down, 
which  gives  a  resemblance  to  fucoids.  Of  traces  of  life  other  than  that 
of  annelid  trails  and  borings  nothing  has  to  my  knowledge  been  made 
known  to  the  scjientific  world. 


'  New  H))e<Mi*8  of  AmHil?*.     14th  Ann.  Kep.  Minn.  G«m)1.  Nat.  lli.st.  Siirv.,  1886,  pp.  317-318. 

*  Description  of  jiew  forms  of  Upper  Cumbrian  foBsils.   U.  S.  Nat.  Mus.  Troc.,  voL  13, 1880,  pp.  267-279. 
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Tim  ouly  descripfaon  of  a  fosail  referred  to  the  Cambriau  of  Missoari 
is  that  of  Liitffulella  lanbomi  by  Meefc.^ 

BA8TEBN  BOBDBB  OB  ADIBOMDAOK  SUB-PBOTIKCB. 

The  first  uotice  of  aoythiDg  of  an  ori^nic  Datare  in  the  strata  now 
referred  to  the  Potsdam  or  Upper  Cambrian  zone,  aboat  tlie  Adiron- 
■dacks,  ^as  by  Mr.  J.  H,  Steele  in  1825,  who  described  certain  largo  cal- 
careous concretions.*  These  were  subsequently  described  in  detail  by 
Prof.  J.  Hall  and  named  Oryptozoon  proliferum.^ 

The  second  notice  is  by  Dr.  E.  Emtnous,  who  states  that  near  Keese- 
ville,  in  the  bottom  of  the  fissure  at  the  high  bridge,  he  found  unnierous 
specimens  of  small  bivalve  inolluaca,  a  lingula.* 

lAngvIa  acttminata  was  described  by  Mr.  T.  A.  Conrad  as  occurring 
in  the  Calciferons  sandrock,  and  in  the  table  of  cliissifiuatiou  he  phwes 
it  aa  occurring  iu  the  gray  Calcareous  sandstone  at  the  base  of  the 
Lower  Silurian  above  the  Cambrian  syBtem.'  It  is  now  known  to  occur 
in  abundance  in  association  with  Dikeloccplialus  ami  Upper  Cambrian 
fossils  in  a  calcareous  sandrock  and  limestone,  both  at  Whitehall  and 
iu  Saratoga  County,  and  in  the  Potsdam  sandstone  ou  Marble  River, 
Franklin  County,  New  York. 

in  his  description  of  the  Potsdam  sandstone  at  An  Sable  Chasm,  Jef- 
ferson County,  New  York,  J)r.  Emmons  figures  and  names  JAngwla 
antiqua.^  The  same  woodcut  is  used  by  Prof.  Hall  to  illustrate i/iitj/tito 
acum'tnata  of  Conrad.' 

In  volume  I  of  the  Paleontology'  of  New  York,  Prof.  J.  Hall  defines 
the  genus  Scolithus  of  Ilaldeman  (p.  2),  and  describes  S.  linearis 
Ilaldeman  (p.  2);  Liwjiila  prima  ol  Conrad  is  described  and  illustrated; 
and  Lingida  antiqua  i.s  proposed  as  a  new  species  for  the  specimen  fig- 
nred  by  Kminons  iis  Lingida  antiqua  {p.  3).  These  species  are  illustrated 
on  Plate  i.' 

Attention  was  called  to  the  iiresenco  of  a  track  ami  footprint  of  an 
animal  iu  the  Potsdam  sandstone  of  Lower  Canada  by  Sir  W.  E.  Logan 
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'  I'alBoututogy  of  Now  York,  viil.  I,  niut.ilnlnf!  ilsaurlptloiis  of  Ibe  urgaDlc  reiaaJDB  of  tbe  Iok 
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in  1851.  He  described  its  mode  of  occorrence  and  stratigraphic  poA- 
tion.^  This  paper  was  followed  by  one  by  Prof.  Owen,  who  refers  the 
tracks  to  a  species  of  tortoise.* 

At  a  meeting  of  the  British  Association  for  the  Advancement  of 
Science,  held  at  Ipswich  in  1851,  Sir  W.  E.  Logan  exhibited  a  slab  of 
sandstone  and  a  cast  from  a  larger  one,  showing  what  Prof.  Owen  had, 
in  a  communication  to  the  Geological  Society,  pronounced  to  be  a  track 
and  footsteps  of  a  species  of  tortoise,  thus  proving  the  existence  of 
reptiles  at  the  very  earliest  period  of  known  animal  life.' 

In  describing  in  1852  the  sandstone  occurring  in  Beanharnois  County, 
Canada,  Sir  W.  E.  Logan  makes  the  following  observation  upon  Sco- 
lithus  linearis  ;* 

In  this  part  it  [the  sandstone]  is  abandantly  marked  over  considerable  sarfacee  by 
what  the  geologists  of  New  York  have  called  Scolithus  linearis,  which  consists,  where 
the  rock  is  weathered,  of  straight,  vertical  cylindrical  holes,  of  aboat  an  eighth  of  an 
inch  in  diameter,  descending  several  inches,  and  where  the  rock  is  un weathered  of 
corresponding  solid  cylinders,  composed  apparently  of  grains. of  sand,  cemented  by 
a  slightly  calcareous  matrix,  more  or  less  tinged  with  peroxide  of  iroD.  Mr.  Hall 
and  other  American  geologists  include  them  among  the  Fucoids  of  the  rock,  but  they 
appear  to  me  more  like  worm  holes.  In  one  or  two  instances  I  have  perceived  -that 
the  tubes  are  interrupted  in  their  npward  course  by  a  thin  layer  of  sand,  of  a  per* 
tion  which  descends  into  them  and  stops  them  up;  and  from  this  it  would  appear 
that  the  cylinders  were  hollow  when  the  superincumbent  saud  was  spread  over  them. 
Whatever  may  be  the  origin  of  the  tubes,  they  strongly  mark  many  beds  in  the  upper 
part  of  the  sandstone  throughout  the  Canadian  portions  of  its  distribntion  already 
mentioned ;  and  it  is  stated  by  Mr.  Hall  that  the  same  characteristic  accompanies 
the  Potsdam  sandstone  in  New  York  and  Pennsylvania  and  as  far  as  Tennessee. 

He  also  speaks  of  the  presence  of  Fucoides  and  of  Lingulu  aniiqua. 
This  is  followed  by  a  detailed  account  of  the  strata  containing  tbe  foot- 
l^riuts  described  in  the  same  volume  by  Prof.  Owen. 

TLis  paper  by  Mr.  Logan  was  followed  by  one  by  Prof.  Owen,  who 
described  the  various  footprints  and  impressions  under  the  followlug 
names  :^ 

Protichnitcs  septem-notatus,  p.  214. 
Protichnites  octo-notatus.  p.  217. 

latus,  p.  218. 

nmltiuotatus.  p.  219. 

lineatus,  p.  220. 

altornauR,  p.  221. 

The  descriptions  are  accompanied  by  admirable  illustrations  of  the 
varieties  designated.  He  couciiules  that  the  impressions  appear  to  have 
been  made  by  animals  allied  to  Limulus.^ 


'  On  the  occiirronco  of  a  triick  aud  footprintH  of  nn  animal  iu  tbo  Potsdam  oandstooe  of  Lower 
Canada.    Quart  Jour.  Geol.  Soc,  London,  vol.  7, 1851,  pp.  247-250. 

»  ibid.,  p.*JyO-252. 

*Un  tho  a«;e  of  tho  copper-bearing  rocks  of  Lake  Superior  and  lluroo,  etc.  British  Assoc.  Rep. 
Trans.,  of  BoctionM  f«)r  ISftl-'Sa,  p. 62. 

*Un  the  footprinta  occnrrinp  in  tbe  Potsdam  HandHtono  of  (.Canada.  Quart  Jour.  Gool.  Soc.  Tx>iid., 
Proc,  vo).  8,  mw,  pp.200,  201. 

'DoHcription  of  the  inipr^nions  and  footpriutn  of  the  Protichnitcs  froin  tho  PotsdAm  aandstoiM  of 
Canaila.    Quart  Jour.  Gcol.  Soc.  London,  vol.  8,  1852,  jip.  2U-225w 

•  Op.  cit,  p.  224. 
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In  1856  Dr.  Emmons  pablished  a  description  of  Idngula  prima  Em- 
mons, Lingula  antiqwUa  Emmons,  and  L,  aouminata  Oonrad.  The  two 
latter  species  are  illostrated  on  PL  ly,  but  in  the  description  of  the 
plate  the  figure  of  Lingula  antiquata  is  called  L.  prima  by  error.^ 

In  1860,  Prof.  F,  H.  Bradley  described  and  illustrated  Oonocephalites 
minutiAs  from  the  Potsdam  .sandstone  at  Au  Sable  Chasm,  near  Eeese- 
Tille,  New  York.* 

The  announcement  of  the  discovery  of  another  type  of  track  in  the 
Potsdam  sandstone  was  made  by  Sir  W.  E.  Logan,  in  1860.  For  this 
he  proposed  the  name  Climactiohnites  wilaoni.^ 

In  1869  Prof.  O.  C.  Marsh  described  a  new  species  of  Protichnites 
from  the  Potsdam  sandstone  of  Essex  Oounty,  New  York,  naming  it 
Protichnites  logananus.* 

As  the  result  of  comparative  study  of  different  tracks,  Dr.  J.  W. 
Dawson  concluded  that  Protichnites  of  Owen  was  possibly  made  by 
some  Limuloid  crustacean.^ 

From  collections  made  at  Keeseville,  New  York,  Messrs.  Hall  and 
Whitfield  described  the  genus  Pal^Bacmaea,  the  type  species  being 
Falcdocmcea  typica  and  Hyolithes  gihhosaf 

In  1877  Mr.  E.  J.  Chapman  says  that  the  fossil  tracks  known  as  Pro- 
tichnites and  Climactiohnites  are  of  such  a  nature  that  he  does  not  con- 
sider them  to  be  of  animal  origin ;  and  he  suggests  that  they  are  noth- 
ing more  than  impressions  of  large  fucoids.  If  this  idea  be  accepted 
he  proposes  to  change  the  names  to  Protichnides  and  Climactich- 
nides.'' 

From  the  limestone  in  Saratoga  County,  New  York,  in  which  Mr.  J. 
H.  Steele  noticed  the  large  concentric  concretions^  Mr.  C.  D.  Walcott 
described  in  1879  the  following  species : ' 

Platyceras  minatissimum,  p.  129. 
Metoptoma  comutiforme,  p.  129. 
Oonocephalites  caloiferas,  p.  129. 
Conocephalites  harttii,  p.  130. 
Ptychaspis  speciosus,  p.  131. 

The  presence  of  a  species  closely  allied  to  BathyuruH  armattis  of  Bil- 
lings was  noticed ;  also  Stromatopora  sp.  T,  Li7igula  acuminata^  Metap- 

>  American  Geology,  coDtaining  a  full  statemeut  of  the  princlplea  of  tho  Bcience,  with  fall  ilaatra* 
tions  of  the  characteristic  American  fossils.    Alhany,  1856,  voL  1,  pt.  2,  pp.  202,  203. 

*  Description  of  a  new  trilohite  from  the  Potsdam  sandstone.    Am.  Joar.  Sci.,  2d  ser.,  vol.  30,  I860, 
p.  241. 

'  On  the  track  of  an  animal  lately  found  in  the  Potsdam  formation.    Canadian  Kat,  voL  5, 1860,  pp. 
282-285. 

*  Description  of  a  now  species  of  Protichnitos  from  the  Potsdam  sandstone  of  New  York.    Am.  Jour. 
Sci.,  2d  ser.,  toL  48, 1869,  pp.  46-49. 

*  Impressions  and  footprints  of  aqnatio  animals  and  imitative  markings  on  Carhoniferoas  rocks. 
Am.  Jour.  Sci.,  3d  ser.,  voL  5, 1873,  p.  17. 

*  Notice  of  two  new  species  of  fossil  shells  from  the  Potsdam  sandstone  of  New  York.    23d  Bap. 
New  York  Stete  Mas.  Nat.  Hist,  1873,  p.  242. 

^  On  the  probable  nature  of  the  supposed  fossil  tracks  known  as  Protichnites  and  Climactichnites. 
Canadian  Jour.  Sci.,  Lit  and  Hist,  new  series,  vol.  15, 1877,  p.  490. 

*  Descriptions  of  new  species  of  fossils  ttom  the  Calciferons  formation.    32d  Rep.  N.  Y.  State  Mus. 
Nat  Hist,  1879,  pp,  129-131. 
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ioma  simpkx,  Miircliisouia  sp.  ?,  and  a  Lamellibraiichiate  shell.  The 
fauna  was  correlated  with  that  of  tbe  rots'daiu  sandstone  of  Iowa  and 
Wisconsin,  although  the  rocks  were  referred  to  the  Calciferoos  forma- 
tion.    This  reference  was  corrected  in  1884.^ 

In  1883,  Mr.  W.  F.  Ferrier  called  attention  to  the  presence  of  tracks 
on  the  I^otsdain  sandstone  at  the  head  of  An  Sable  Ohasm  in  Essex 
County,  New  York.  They  were  referred  to  the  genos  Gyricbnites  of 
Whiteaves.^  Later  the  tracks  discovered  by  Mr.  Ferrier  were  made  the 
subject  of  a  note  by  Sir  J.  W.  Dawson,  who  proposed  the  geiieric>name 
of  Olydichnites  for  them.' 

In  a  note  on  some  obscure  organisms  in  the  roofing  slates  of  Wash- 
ington County,  New  York,  Prof.  James  Hall  redescribes  ButJiotrephis  f 
(iHteroides  Fitch  as  Dactyloidites  htdbosus,^ 

A  revision  of  the  fauna  occurring  in  the  limestone  beds  of  Saratoga 
County  was  made  by  Mr.  0.  D.  Walcott  in  188G,  and  the  following  hst 
was  published:^ 

HEW  YORK.  .   .i     'WWCONSIH. 

Cryptozoa  prolifernm .V:> 

Lingiilepis  acuminata Lingnlepis  piDu.'i'formia. 

PlatyceraB  minuti8siiniim Platyceras  iniuiitisHiiiinm. 

Platycera«  hoyti i 

Metoptoina  corn uti tonne Motoptonia  cornntiforme. 

simplex 

Billiugsia  sarntop^cusis 

Mattlievia  variabilis 

DiceUocephalns  hartti Dikeloccpluilns  pepinensis. 

speciosus   lodensis. 

l*tychopjiria  calcifora I*tyclioj)aria  wlHConsensis. 

(A.)  saratogcnHis oweni  (of  Hall). 

As  the  result  of  the  comparison  of  an  extended  series  of  specimens 
from  the  rotsdani  sandstone  of  Buckinghanij  Quebec,  Messrs.  Ami  and 
Sowter  concluded  that  Scolitlms  linearis  and  S.  canadensis  were  iden- 
tical si)ecies;  the  main  differences  existing  between  the  two  being 
l)rincipally  in  the  i>reservation,  IS.  camuhnsis  occurring  in  hollow  tubes 
or  burrows,  while  S,  Unearis  occurs  as  casts  of  the  interiors  of  burrows 
or  lioles.*^ 

In  1890  Mr.  C.  1).  Walcott  describecF  the  following  species  from  the 
limestone  iu  the  vicinity  of  Saratoga  Springs,  New  York: 

Platyceras  lioyti^  p.  '2G8. 
Trochiis  ?  8arato<^en8i8,  p.  268. 
Agranlos  .saratoi^ensis^  ]).  270. 

'  Potsdam  fauna  at  Saratoj;a,  New  York.     .Scioiu'*',  vol.  'A,  1SK4.  pp.  1IJ6, 137. 

'Notes  on  a  A)SHil  track  from  the  Pot.sdani  rtandstouo  of  northern  New  York  Stato.  Canadiau  Nat. 
new  Her.,  vol.  10, 18M,  pp.  H',Ci,  4G7. 

3  InipresHiouH  on  I'otsdam  8an(lHt4>n(s     Scimce,  vol.  1,  188;i,  p.  177. 

*Not(^  on  Home,  obsciiro  or^ranisinH  iu  th«!  rooh'iir  slates  of  Wa«hin<;l^n  Con uty.  New  York.  3^lh 
Kep.  N.  Y. State  Mnn.Nat.  Hi.st.,  18^0,  p.  160,  pi.  ll.li;;.  1,  2. 

'' Second  <'oiitribntiou  to  the  studios  of  the  Camhriun  launas  of  North  America.  U.  S.  Gool.  Survey, 
llnll.No.yo,  Ihr-Cp.Sl. 

•^  Ke)H»rt  of  the  ^eolo^^ical  brancli  |of  Ottawa  Field  NatnralisKs' ('lubj.  Ottawa  Naturalist,  vol.  1, 
IJ'BT,  p|..(»8.  97. 

'  iicMCriptioiiuf  new  foroinof  I'pper  Canthrian  fuH.silrt.    U.  S.  Nut.  Mua.,  Proc.,  vol.  13, 1890.  pp.  276-279. 
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WESTERN  BOIIDEB  OB  BOOKY  MOUNTAIN  SUBPBOVINOE. 

lu  a  letter  firom  Messrs.  Meek  and  Hay  den  to  Lieut,  G.  K.  Warren, 
dated  February  8, 1858,  attention  is  called  to  the  identification  of  fos- 
sils from  a  sandstone  in  the  Black  Hills  equivalent  to  the  Potsdam  sand- 
stone of  the  New  York  series.  They  recognized  Lingula,  ObolusT,  and 
fragments  of  trilobites,  belonging  to  species  known  to  occur  in  the 
Potsdam  formation  in  Wisconsin  and  Minnesota.^  This  notice  was  fol- 
lowed in  1861  by  the  publication  of  the:flr9t  description  of  the  Cambrian 
fauna  of  the  Rocky  Mountains.  The  new  species  described  but  not 
illustrated  include  Obolella  nana^  Theca  {PuQiunculm)  gregaria,  and 
Arionellus  (Crepicephalus)  oweni,*  The  descriptions  of  the  species  were 
republished  in  1SG2,  in  the  American  Journal  of  Science,  in  connection 
with  figures  illustrating  them.  The  last  species  is  described  as  Aria- 
nellus  f  oweni.  There  were  also  identified  from  the  same  horizon  Lingula 
2)rima  Goiirad  and  Lingula  antiqua  Hall.^ 

The  Black  Hills  fauna  was  again  described  by  Messrs.  Meek  and 
Ilayden  in  1864,  in  their  aocount  of  the  paleontology  of  tlie  Upper  Mis- 
souri. Lingula  antiqua^  mentioned  in  their  letter  of  1858^  is  identified  as 
Lingulepis  pinna/ormis  Owen  (p.  2),  and  the  name  L.  dakotensin  proposed 
in  the  event  of  the  shell  being  subsequently  determined  to  be  a  new 
species  (p.  3).  A  description  and  illustration  is  also  given  of  Lingulepis 
prima  Conrad  (p.  3),  Obolell^i  n^na^  M.  &  H.  (p.  4),  Theca  gregaria^  M. 
&  II.  (p.  5),  Agraulos  oweni^  M.  &  H.  (p.  9),  (Arionellus  (Crepicephalus) 
oweni,  of  the  paper  of  1861),  and  an  undetermined  species  of  Agraulos 
(p.  10).  All  of  the  species  are  referred  to  the  Potsdam  or  Primordial 
sandstone.* 

In  1876,  when  reporting  upon  the  fossils  collected  by  Ca])tain  Lud- 
low's expedition  to  flio  Yellowstone  National  Park,  Prof.  It.  P.  Whit- 
tield  described  two  species  that  are  now  referred  to  the  Upper  Cambrian 
zone,  Crepicephalus  (Ijoganellus)  moninnensis  and  Arioncllus  iripunc- 
latvsj  referring  them  to  the  limestone  of  the  Potsdam  group  overlying 
the  quartzite  near  Camp  Baker.^ 

A  preliminary  report  on  the  paleontology' of  the  Black  Hills  by  Prof. 
11.  P.  Whitfield  contains  a  descrii)tion  of  PaUvochorda  prima,  PaUvoyhy- 
euH  occidentaliH,  Lingulepis  cuneolus,  L.peraftenuatus  Crepicephaln^  (Lo- 
ganellus)  centralis,  and  C-.  {L.)  planus.     All  of  these  species  are  referred 

*  FoBHiLs  of  Nebrauka.  Letter  from  F.  B.  Moek  anl  F.  V.  Haydon.  Am.  Jour.  Sci.,'Jd  aer.,  vol.25, 
185H,i>.«9. 

^  1  )CAcriptionH  of  new  Lower  Silurian  (Priuionlial),  JuruHnic,  CrMta<:ouus.  ami  Tortiar^-  foAHiln,  col- 
loctcd  ill  Nebraska,  with  Homu  i-emarkH  ou  tbu  rockH  from  which  they  wereobtaiuetl.  Phil.  Acad.  Sei., 
rroc.,  vol.  13, 1861,  pp.  435, 436. 

^The  Primonlial  Saiidntone  of  the  liocky  MountaiuH  iu  tho  NorthwoHteiii  TerritorieH  of  the  United 
States.     Ara.  Jour.  Sci.,  2d  Her.,  vol.  33, 1862,  pp.  73, 74. 

*  Piileoiitolorry  of  tbv  r))p(?r  MinHOuri ;  a  n^poi-t  upon  collc><'tionH  matlu  principull^'  by  the  expeditions 
under  C4immand  of  Lieut,  (i.  K.  Warren  in  1855 '56.  InvurtebrateH.  Smithsonian  Contrihutiona  No. 
172. 18M,  i>p.  1-10. 

^  DeacriptionH  of  new  apecieH  of  fo.ssila.  Report  of  a  n^connaiaHanco  from  Carroll,  Montana  Terr., 
on  the  Upper  M iaaouri,  URho  Vellowatone  Park  and  return,  iua<le  iu  the  aummer  of  1875  by  Wm. 
Ludlow,  1876.  p.  141. 
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to  tbe  Potsdam  formation  of  the  Black  Hills  of  Dakota.^  In  the  final  re- 
port, which  appeared  in  1880,  the  species  described  in  the  preliminary 
report  are  illustrated,  and  descriptions  and  illustrations  given  ofPala- 
ophycus  sp.  undet.,  Arenocolites  sp.  undet.  (p.  333),  Lingulepis  pinna- 
formis  (p.  331),  Lingulepis  ddkotentis  (p.  337),  Oholfts  f  pectenaidcB  (p. 
338),  Obolella  polita  (p.  339),  Obolella  nana  (p.  340).  In  the  preliminary 
remarks  to  the  paper  it  is  stated  that  the  horizon  of  the  Potsdam  forma- 
tion of  the  Black  Hills  appears  to  be,  so  far  as  the  fossils  will  serve  to 
determine,  about  the  same  as  that  of  Wisconsin  and  the  neighboring 
States.* 

The  only  fossils  of  the  Oambrian  fauna  identified  in  Colorado  are  a 
species  of  Dikelocephalus  from  Quandary  Peak  of  the  Mosquito  Bange,^ 
and  the  Lingulepis  found  in  the  Trout  Greek  section  (p.  62). 

In  1890  Mr.  C.  D.  Walcott*  described  three  species  from  the  Upper 
Oambrian  of  the  Black  Hills  of  Dakota.  They  were  Hyolithes  netetoni 
(p.  270),  Ptycliopariavacuna  (p.  275),  and  P.  (Lioatraem)  panope  (p.  275). 

The  first  notice  of  the  presence  of  a  fauna  in  Texas  subsequently 
assigned  to  the  Cambrian  is  by  Dr.  Koemer  in  1849.  A  description  of 
Lingula  a^mtangula  (p.  420)  and  Pterocephalia  sancti-saixB  (p.  421)  is  given 
by  him  in  that  year  without  illustrations.^ 

In  his  more  extended  work  on  the  geology  of  central  Texas  he  de- 
scribes and  illustrates  Lingula  a^cutangula  (p.  90),  Pterocephalia  aancU- 
sabce  (pp.  92,  93),  and  the  genus  Pterocephalia  (p.  93).  He  also  illus- 
trates the  head  of  a  trilobite,  allied  to  Arionellus,  and  the  pygidium  of 
another  species,  on  Table  xi.^ 

The  primordial  character  of  the  fauna  referred  to  the  Silurian  by  Dr. 
Eoemer  was  announced  by  M.  J.  Barrande  the  following  year.  He 
compared  it  with  tbe  fauna  of  the  Potsdam  sandstone  of  New  York  and 
Wisconsin.' 

As  geologist  of  the  State  of  Texas,  Dr.  B.  F.  Shumard  described  in 
18G1,  the  strata  referred  to  the  Potsdam  sandstone.  Of  the  fossils  col- 
lected he  describes  iis  new; 

AgnostuH  coloradoensis,  p.  218. 
Arionellus  (BathyaruH)  texanus,  p.  218. 

planus,  p.  219. 


>  Proliiiiinary  report  on  tlie  Paleontolo(;y  of  the  Black  Uills.    U.  S.  GooL  and  Geo^.  Sarr.  of  tiie  Bocky 
Moiiiit-ain  repon,  1877,  pp.  7-11. 

^^l^aleontolo^y  of  the  Black  IlillH  of  Dakota.    Beport  on  the  geology  and  resonrcea  of  thn  BUok  Hilla 
of  Dakota,  1880,  pp.  320-344. 

'  Geology  and  Mining  Industry  of  Leadville,  Colorado.     U.  S.  Geol.  Surv.,  Monograph  voL  12,  pt  1, 
1886,  p.  GO. 

*  Description  of  new  forma  of  Upper  Cambrian  fosaila.    U.  S.  Xat.Mus.  Proc.,  toI,13,  1890,pp.S67- 
279. 

^ Texas.    Mit  besonderer  IlUckHicht  auf  deutecho  Auswanderiing  und  die  phyaischen  Yerhfiltniue 
dea  L.iudes  nach  eigeuer  Beobachtung  geschildert.    Bonn,  1849,  pp.  420-421. 

''l>je  Kreidebildungeu  von  Texas  iind  ihru  orgaiiiHcheu  EiriHcIilusso.    Bonn,  1852. 

^  (Siiar-Gobilde  in  Texas  und  am  0\>eTC»u  ^><)Q.^   l!(v^\i«k%  Jahrbiicb  fur  Miner,  1853,  pp.  440, 447. 
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Conocephalitea  depressns,  p.  219. 

billingsii  p.  220. 
Dikelooephalns  loemeri,  p.  220. 
Disoina  mioroacopioa,  p.  221, 

and  he  mentions  Gamerella  sp.  f,  and  Oapnlas  sp.  f  (p.  221).*  He  cor- 
relates this  faana  with  that  provisionally  designated  as  ^<  being  very 
analogous  to  the  Potsdam  of  Iowa,  Wisconsin^  and  Minnesota," '  and 
refers  it  to  the  Potsdam  sandstone. ' 

In  the  collections  obtained  by  Mr.  0.  D.  Walcott  in  his  reconnais- 
sance of  the  central  area  of  Texas  the  following  species  have  been 
identified : 


Eocystites  sp.  f 

Lingala  acnminatay  Conrad. 

perattennata,  Wbitf. 
Obolella  polita,  Hall. 
Triplosia  prlraordialis,  Wliitf. 
Orthis  coloradoensisy  Shamard. 

remnichia,  Winohell. 
Phityceras  texanam,  Waloott. 
Belleropbon  autiqaatas,  Wbitf. 
Dikolocepbalas     minnesotensiBy 
Owen  (f ). 

belli,  Billing. 
Ptycbaspis  granulosa,  Owen. 


Ptycboparia  ocoidens,  Walcott. 

affiuis,  Walcott. 

biirnetensiB,  Walcott. 

UauoensiSi  Walcott. 

f  nietra,  Walcott. 

pero,  Walcott. 

f  nrania,  Walcott. 

similis,  Walcott. 

pateraoni,  Hall. 

persens  var.,  Hall. 

wisconsensis,  Owen. 
Agranlos  convexus,  Wbitf. 
Agraalos  T  sp.  f 


CbariocepbalustnmifronSfH.  &W.  lUfeniiruB  dia,  Walcott. 

This  faana  will  be  illustrated  in  connection  with  a  review  of  the  Up- 
per Cambrian  fauna  of  North  America  now  in  course  of  preparation. 

In  1890  Mr.  Walcott  ^  described  the  following  new  species  from  Up. 
per  Cambrian  strata  of  Burnet  and  Llano  Counties : 

Platyceras  texannm,  p.  268. 
Ptycboparia  bnmetensia,  p.  273. 

llanoensiSj  p.  272. 

T  inetra,  p.  273. 

poTo,  p.  274. 

f  urania,  p.  274. 
Illu)uuru8  T  dia.,  p.  277. 


ARIZONA. 


The  paleontologic  work  on  the  Cambrian  fauna  found  in  Arizona  has, 
thus  far,  been  confined  to  the  identification  of  the  species  discovered 
iu  the  Tonto  formation  of  the  Grand  Caiion.  A  preliminary  study  of 
the  fauna  has  been  made  and  drawings  prepared  of  the  species,  but  up 
to  the  present  time  nothing  has  been  published  in  relation  to  them. 


>  The  Primordial  zone  of  TezM,  with  descriptioDs  of  uew  fossils.    Am.  Jour.  Sol.  2d  ser.,  vol.  32, 
18C],  pp.  213-221. 
«  op.  cit,  pp.  217, 218. 
*  Description  of  new  forms  of  Upper  Cambrian  fossils.    IJ.  S.  Nat  Mus.  Proc,  toL  13, 1800,  pp.  207-270. 


CHAPTER  III. 

NOMENCLATURE  EMPLOYED  IN  THE  DESCRIPTION  OF  THE  FOR- 
MATIONS. 

Several  considerations  are  to  be  borne  in  mind  relative  to  geologic 
nomenclature : 

(a)  The  name  in  itself  is  nothing  unless  it  conveys  to  the  mind  & 
clear  impression  of  what  it  refers  to  and  enables  the  stadent  to  makes 
correlation  between  its  entity  and  some  other  entity  that  has  another 
terminology. 

(b)  Priority  of  discovery  and  naming  should  be  sustained  by  the  proof 
of  the  iiccuracy  of  the  original  observations,  the  latter  to  be  jadgedbjr 
the  testimony  of  the  formations  in  the  areas  where  they  were  first  made. 
If  the  original  projmser  of  a  name  bases  it  npon  snch  errors  of  observa- 
tion and  interpretation  that  subsequent  observers  can  not  verify  his 
work,  and  the  name  can  be  used  only  by  dropping  a  name  proposed  as 
the  result  of  accurate  observation  and  definition,  the  latter  should  be 
retained  and  the  law  of  priority  should  not  be  used  to  bolster  up  an  in- 
definite term. 

(o)  liong  use  of,  and  the  general  acceptance  of,  a  well  defined  term  by 
the  scientific  world  gives  that  term  a  standing  that  even  the  claims  of  a 
half  understood,  badly  defined  term  supported  by  priority  should  not 
displace.    This  may  be  called  the  law  of  usage. 

(d)  From  the  fact  that  all  the  strata  of  the  geologic  series  do  not  ex- 
ist in  any  one  geologic  province  and  that  unconformities  between  difler- 
ent  portions  of  them  are  not  contemporaneous  in  all  provinces,  it  neces- 
sarily follows  that  the  rock  series  of  any  one  geologic  province  can  Dot 
possibly  be  the  chronological  ecpiivalent  of  the  rock  series  of  other 
l^rovinces.  Overlappings  of  series  of  different  chronologic  age  most 
occur,  and  it  is  therefore  imi)Ossible  for  any  one  geologic  province  to 
afford  a  nomenclature  that  is  applicable  to  the  geologic  provinces  of 
the  entire  world  or  to  the  entire  geologic  series. 

((')  Each  geologic  i)rovince  should  have  a  nomenclature  denoting  by 
name  each  formation  contained  in  it  and,  if  necessary,  the  names  to  be 
applied  to  the  groupings  of  the  formations;  but,  if  practicable,  the 
formations  and  the  grouping  of  formations  should  be  referred  to  some 
position  within  the  larger  comimsite  groups.  For  instance,  the  Pots- 
dam standstoneof  New  York,  the  Saratoga  County  limestone,  and  the 
Dutchess  (Jounty  limestone  are  lithologically  distinct  formations,  hut 
they  are  grouped  under  the  Ui)per  Cambrian  terrane  as  a  i>ortion  of 
the  Cambrian  group. 
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Thi8  method  necessitates  the  multiplication  of  names^bat  if  it  insures 
accuracy  of  statement  and  meaning  it  is  much  better  than  the  use  of  a 
few  old  names  that  have  been  established  in  some  one  geologic  province 
and  extended  over  other  upper  Cambrian  formations  in  other  geologic 
provinces  that  can  not  be  proved  to  be  identical  or  synchronous.' 

(/)  The  study  of  the  serial  relations  among  rocks  by  the  modern 
method  is  of  as  much  importance  as  that  of  the  specific  relations  of  dis- 
tinct horizons  or  of  particular  formations.  The  serial  relations  of  one 
seriesof  rocks  in  one  provincecan  be  compared  with  the  serial  relations  of 
another  group  in  another  province;  but  the  two  should  receive  separate 
names  and  be  grouped  under  the  greater  series  to  which  they  belong. 
For  instance,  the  Trenton  series  of  New  York  may  be  compared  witli 
the  Lebanon  series  of  Tennessee  and  united  as  a  portion  of  the  Lower 
Silurian  (Onlovician)  and  respectively  compared  with  the  same  portion 
of  the  Lower  Silurian  (Ordovician). 

(g)  If  it  is  found  that  the  strata  included  in  a  named  formation,  ter- 
rane,  or  group  embraces  portions  of  other  formations,  terranes,  or  groups 
it  is  allowable  to  remove  portions  of  such  formations,  terranes,  or  groups 
and  still  apply  the  original  name,  if  the  portion  remaining  is  distinct  or 
was  first  described  and  included  under  the  name. 

(h)  Geologic  nomenclature  should,  in  all  its  parts,  be  the  natural 
expression  of  the  inter-relationships  and  nSutual  subordination  of  the 
facts  it  is  the  especial  aim  to  associate  and  systematize.^ 

CAMBRIAN. 

The  T«rm  (vambrian  was  first  introduced  to  the  attention  of  geologists 
at  the  Dublin  meeting  of  the  British  Association  for  the  Advancement 
of  Science  in  August,  1835.  A  joint  paper  was  read  by  Prof.  Adam 
Sedgwick  and  R.  I.  Murchison,  entitled  "  On  the  Silurian  and  Cam- 
brian Systems,  exhibiting  the  order  in  which  the  older  sedimentary 
Btrata  succeed  each  other  in  England  and  Wales.''  An  abstract  of  this 
paper  appeared  in  the  account  of  the  proceedings  of  the  British  Asso- 
ciation published  in  the  Edinburgh  New  Philosophical  Journal  for 
^l)ril-October,  1835,  page  31)0:  In  this  the  name  Canibriiin  is  spelled 
<Jumbrian,  probably  by  a  tyi)Ographical  error.  The  paper  appeared  in 
1.8ii6,  in  volume  5  of  the  Reports  of  the  Association.  In  the  account  of 
the  Transactions  of  the  Sections  it  says  :^ 

Prof.  Sedgwick  comnienccd  by  pointing  ont  the  imperfection  of  the  sections  ox< 
bibited  in  tbe  north  of  England  and  some  portionH  of  north  Wales,  in  consequence  of 
Ihe  entire  want  of  continuity  between  the  Carboniferous  series  and  tlie  Interior  schis- 
t«>8e  group.  »  •  »  Prof.  Sedgwick  then  described,  in  descending  order  tlie  group 
of  »lato  rocks  as  they  are  seen  in  Wales  and  Cumberland.  To  the  highest  he  gave 
the  name  of  Upper  Cambrian  group.  It  occupies  tlie  greatest  x>art  of  the  chain  of  the 
lierwyiiM,  where  it  is  connected  with  the  Llandeilo  Hags  of  the  Silurian  system,  and. 


>Ou  tho  til  parti  tecluHsitI  cation  of  the  Lower  PaltH>zuic  iocKh  ;  Charles  Lapworth,  GeoL  Mag.,  new 
•vrit^i^,  dee.  n,  vol.  0.  1879,  p.  11. 
>  Brit  Aiwoc.  Keport  for  1835,  part  2,  Trans,  of  Sections,  1836,  p.  60. 
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is  thoDoe  expanded  through  a  considerable  portion  of  sonth  Wales.     In  one  part  of 
itR  course  it  is  based  on  beds  of  limestone  and  calcareous  alate,  bat  on  the  whole  it 
contains  less  calcareous  matter  than  the  Silurian  system  and  has  fewer  organic 
remains.    Beds  of  good  roofing  slate  occur,  and  a  perfect  slaty  cleavage  is  often 
observed  in  it  transverse  to  the  stratitication,  but  other  parts  of  it  are  of  a  coarM 
mechanical  texture.    To  the  next  inferior  group  he  gave  the  name  of  MUUUe  Cmn- 
hrian.    It  composes  all  the  higher  mountains  of  Caernarvonshire  and  Merionethshire, 
and  abounds  in  fine  roofing  slate,  alternating  with  and  apparently  paa6in|r  into  ir- 
regularly iuierstratified  masses  of  porphyry.    Some  portions  of  it  are  coarse  and  me- 
chanical, and  it  contains  (for  example  at  the  top  of  Snowdon)  a  few  organic  remaing 
and  a  few  samples  of  highly  calcareous  slates,  but  no  continuous  beds  of  limestone. 
The  same  group,  with  the  same  mineral  structure,  and  in  the  same  posiiiony  bat  with* 
out  organic  remains,  is  greatly  developed  in  Cumberland.     The  Xoimt  (kuiibnan 
group  occupies  the  southwest  coast  of  Caernarvonshire  and  a  considerable  portion  of 
Anglesea ;  it  consists  chiefly  of  chlorite  schist,  passing  here  and  there  into  mica  scbiit 
and  slaty  quartz  rock  and  contains  subordinate  masses  of  serpentine  and  white  gnn- 
ular  limestone.    It  contains  no  organic  remains. 

In  this  first  description,  Arcbean  rocks  are  incladed  in  the  lower 
division ;  the  Middle  Cambrian  embraces  the  roofing  slates,  and  the 
Cambrian  gronp  as  now  generally  accepted;  while  the  Upper  Cambrian 
included  mach  of  the  Lower  Silurian  of  Sir  B.  L  Murchison,  or  the 
Ordovician  of  Prof.  Charles  Lapworth. 

At  a  meeting  of  the  Geological  Society  of  London  in  the  spring  of 
1838,  Prof.  Sedgwick  read  a  paper  entitled  <<A  Synopsis  of  the  English 
series  of  stratified  rocks  inferior  to  the  Old  Bed  sandstone,  with  an 
attempt  to  determine  the  successive  natural  groups  and  formations.''^ 
When  describing  the  sections  of  Korth  Wales,  etc.,  the  chlorite  slates, 
quartz  rock,  and  mica  slates  of  Anglesea  and  Caernarvonshire  are  not 
included  in  the  ('ambriau  as  was  done  in  1835.*  The  Lower  Cambrian 
system  includes  the  old  slate  series  of  Caernarvonshire  and  Merioneth- 
shire, and  ends  with  the  calcareous  beds,  which  range  from  Bala  to  the 
neighborhood  of  Dinas  Mowddy. 

The  next  gronp,  the  Ui)i)er  Cambrian  series,  commences  with  the  fossiliferons  beds 
of  Bala.  It  includes  all  the  higher  portion  of  the  Borwyns,  and  all  the  slate  rocks 
of  South  Wales,  which  are  below  the  Silurian  system.  •  •  •  Many  of  the  fossils 
are  identical  in  species  with  those  of  the  lower  divisicm  of  the  Silurian  sytUm,  dot 
have  the  true  distinctive  zoological  characters  of  the  gronp  been  weU  ascertained. 

In  this  arrangement,  the  Lower  Cambrian  of  1835  is  referred  to  the 
primary  stratified  group,  to  which  he  gave  the  provisional  name  of  Pro- 
tozoic.^ 

It  is  further  stated  that  at  the  north  end  of  the  Berwyn  chain  the 
Upper  Cambrian  appears  to  i)ass  by  insensible  gradations  into  the 
lower  division  of  the  upi)er  system,  the  Caradoo  sandstone.  Prot 
Sedgwick  does  not  appear  to  have  been  aware  at  this  time  that  his  Bala 
series  was  a  portion  of  Murchison's  Lower  Silurian,  as  described  by  the 
latter  in  1835. 

Many  geologists  have  insisted  upon  restricting  the  Cambrian  to  the 
Lower  Cambrian  of  the  scheme  of  1835,  which  Prof.  Sedgwick  cut  off 


1  Proc.  Gtiul.  Soc..  London,  vol.  2, 1838,  pp.  67&-(S85.  *  Op.  oit ,  p.  885.  >  Op.  dt.,  p.  6M. 
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in  the  reyision  of  1838.  It  is  also  well  to  notice  that  the  Cambrian  of 
1838  includes  exactly  the  same  representative  formations  as  Emmons's 
Taconic  System  of  1842-1860,  or  the  Cambrian  and  Lower  Silurian 
(Ordovlcian)  as  now  known. 

In  1852  we  find  the  Lower  Cambrian  divided  into  the  Festiniog  group 
above  and  the  Bangor  below.  The  Bangor  group  is  composed  of  the 
Llanberris  slates  and  Harlech  grits;  and  the  Festiniog  group  of  the 
LiDgnla  flags,  Tremadoo  slates,  and  Arenig  slates  and  porphyry,  the 
whole  having  a  thickness  of  10,000  feet.  The  Upper  Cambrian  includes 
the  Bala  group,  which  was  divided  into  the  Lower  and  Upper  Bala, 
with  a  thickness  of  8,000  feet.  Above  this  the  Caradoc  sandstone, 
limestone,  and  shale  of  the  Silurian  occur  with  a  thickness  of  1,500 
feet.i 

In  the  pax>er  on  the  Caradoo  sandstone  of  Shropshire,  by  Messrs.  J. 
W.  Salter  and  W.  T.  Avoline,  it  is  stated  that  the  fossils  of  the  supposed 
typical  Caradoc  sandstone  are  identical  in  species,  and  in  association 
and  proportionate  numbers  of  the  prevailing  species,  with  those  of  the 
Bala  group ;  and  there  is  no  admixture  of  other  or  new  forms,  or  of 
those  characteristic  of  higher  parts  of  the  system.'  By  priority  of 
definition  and  description,  the  Llandeilo  and  Caradoc  beds  belong  to 
Murchison's  Silurian  system;  and  the  Bala  series  of  Sedgwick  are 
stratigraphically  and  paleontologically  the  equivalents  of  the  Llandeilo 
and  Caradoc  series.  They  were  fairly  removed  from  the  Cambrian 
system  by  the  work  of  Messrs.  Murchison,  Sedgwick,  and  Salter ;  and 
in  1854  the  Cambrian  system  included  of  the  original  Cambrian  the 
middle  member  only,  the  lower  division  having  been  removed  by  Prof. 
Sedgwick  in  1838.  The  distinguished  founder  of  the  Cambrian  system 
did  not  admit  the  exclusion  of  the  Bala  series  from  the  Cambrian,  but 
with  all  the  facts  assembled,  as  in  a  recent  paper  by  Prof.  J.  D.  Daua,^  I 
think  we  are  compelled  to  restrict  the  Cambrian  to  the  original  middle 
division. 

The  last  tabulation  given  by  Prof.  Sedgwick  of  his  Cambrian  system 
appeared  in  the  preface  of  Mr.  J.  W.  Salter's  Catalogue  of  Cambrian 
and  Silurian  Fossils  in  1873,  as  follows:  ^ 

Upper  Bala. 
Midc 


Cambrian :  < 


Upper {  Middle  Bala. 

Lower  Bala. 

{Arenig  or  Skiddaw. 
Menevian. 
{Harlech. 
Bangor. 
Longmyud. 
LlanborrlB. 


>  On  the  olaatiifl cation  and  nomonclatare  of  the  Lower  Paleozoic  rocks  of  England  and  Walea- 
Qnart  Jonr.  Geol.  Soc.,  London,  vol.  8, 1852,  p.  147. 

*  On  the  "Caradoc  Sandstone"  of  Shropshire.    Qaart  Jonr.  Geol.  Soc.,  Londou,  yol.  10, 1853,  p.  63. 

s  Sedgwick  and  Murchison ;  Cambrian  and  Silurian  ;  Am.  Jour.  Sci.,  3d  sen,  yoL  39, 1890,  pp.  107-180. 

*(On  the  claasifloation  of  the  Cambrian  rocks).  "Preface  to  a  Catalogue  of  the  Collection  of  Cam. 
brian  and  Silurian  fossils  oo^Uli^e4  in  the  Geological  Mofloum  of  the  University  of  Cambridge,"  by  J- 
Yf,  Salter,  1873,  p.  xr. 
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With  the  exception  of  the  Bala  and  Arenig  series  the  system  is  essen- 
tially the  sauie  as  that  generally  accepted  by  the  English  geologists  at 
the  present  day. 

As  geologist  of  Tennessee,  Dr.  Gerard  Troost  read  Sir  B.  I.  Morchi- 
sou's  Silaria,  and  also  the  observations  of  Prof.  Sedgwick  on  the  Cam- 
brian rocks  of  Wales.  Discassing  the  changes  in  nomenclatare  made 
necessary  in  expressing  the  views  of  Messrs.  Murohison  and  Sedgwick, 
he  says  in  1841 :  * 

After  having  pointed  oat,  in  my  last  report,  the  line  of  Janction  of  the  primordial 
or  crystalline  rooks  in  East  Tennessee,  I  meiYtioned  that  the  country  west  of  the  line 
which  separates  Tennessee  from  the  State  of  North  Carolina  is  composed  of  gray- 
waeke,  slate,  limestone,  etc.  All  this  coantry,  according  to  the  views  of  Mnrchison 
and  Sedgwick,  belongs  to  a  now  division,  which  they  call  the  Cambrian  ajfstem. 

He  then  proceeds  to  describe  the  geographic  distribation  of  the  rocks 
that  ho  referred  to  the  Cambrian  system,  identifying  the  series  in  Ten- 
nessee with  that  of  Wales  entirely  upon  its  lithologio  characters  and 
the  absence  of  organic  remains,  and  from  the  fact  of  its  being  suc- 
ceeded by  a  series  of  limestones  from  which  he  obtained  and  identified 
Silurian  fossils. 

The  presence  of  the  equivalent  of  the  Cambrian  system  in  America 
was  clearly  recognized  by  Dr.  E.  Emmons,  who,  in  1844,  wrote: 

There  arc,  however,  if  I  understand  Mr.  Sedgwick  and  Mr.  Mnrchison,  rocks  still 
lower;  those  which  are  now  considered  by  them  as  metamorphio.  They  are  the 
lower  masses  which  I  considered  as  equivalent  to  the  Taconio  rooks;  the  Lower 
Cambrian  of  Sedgwick,  and  not  the  Upper,  which  latter  I  proved  to  belong  to  the 
New  York  Hysteui.  That  the  Taconic  slate  is  precisely  that  in  which  the  Nereitet  in 
Wales  occur,  there  is  not  the  slightest  doubt  in  my  own  mind,  and  this  is  that  part  of 
the  Taconic  system  which  wc  can  see  lying  unconformably  beneath  the  oldest  mem- 
ber of  the  New  York  system,  and  hence  of  the  Silurian  also.  I  know  not,  however, 
wh<?thor  in  Wales  the  same  limestones,  slates,  and  quartz  rocks  are  to  be  found  which 
we  have  here,  and  which  are  the  oldest  parts  of  tlie  Taconic  system.  These  are  facts 
to  be  det<?rmined.  Their  non-existence  in  Wales,  however,  does  not  destroy  the  sys- 
tem. Very  important  members  are  known  there,  and  should  the  lower  slates  and 
quartz  be  found  wauting,  it  only  proves  the  absence  of  that  development  which  is  so 
well  known  here  in  New  York,  Massachusetts,  Vermont,  and  Maine,  and  I  may  add,  in 
Michigan  also.'^ 

Under  the  influence  of  the  publications  of  Sir  E.  I.  Mnrchison,  Amer- 
ican geologists,  other  than  J)rs.  Troost  and  Emmons  and  the  latter's  fol- 
lowers, classilied  all  the  Lower  Paleozoic  rocks  under  Lower  Silurian, 
entirely  ignoring  Cambrian  except  to  state  that  it  was  equivalent  to  tlie 
Lower  Silurian.  In  1872,  however,  Dr.  T.  S.  Hunt  published  his  history 
of  the  nauies  Cambrian  and  Silurian  in  geology,  advocating  the  recog- 
nition of  the  term  ^^  Cambrian."^ 


•  Sixth  auuual  report  of  the  geological  survey  of  TennosHoe  by  the  State  j^eologiat  Nashville,  1841, 
p.  171,  (loo.  «mI.,  p.  4  of  Hjjocial  ed. 

'^  Tlie  Taconic  Systeiu,  1844.  p.  v. 

"CunaUiaii  Naturalist,  new  8er.,  vol.  C,  1872,  pp.  281-312,  417  448.  Geoloj^ical  Magazine,  vol.  10,  pp. 
38.'">-395,  4:.;J-4G1,  504-51 U,  54J1-5C0,  1873. 
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The  view  of  Dr.  'Sunt  was  ooncsrred  la  by  Sir  J.  W.  Dawsod,  who  in 
1872  wrote  as  follows: 

I  coaonr  fn  the  view  that  it  jottj  wall  hmvt  tha  nftine  Siluro-Cantbiian,  while  the 
name  CambilBti  or  Primordial  will  reinain  for  thow  great  and  ImportaDt  fosHiKft-rouH 
depoflita  ezteudtDK  downward  from  the  Potadam  in  Amerloa  and  the  Tremoiiua  id 
EDglaiid,  and  ooDititotiug  at^imperiabable  monnment  to  the  labum  of  Sedgwick  and 
Darrsnde.' 

A  notice  of  the  proposed  change  from  "  PoLsdam  or  Primordial"  of 
the  first  edition  of  Dana's  Manual  of  Geology  to  "Primordial  or  Cam- 
brian" ill  the  second  edition,  was  pablisfaed  in  1874j'  and  the  term  was 
nsed  in  a,  subordinate  sense  in  another  edition  of  the  Manual  of  Geology 
(1870)  aa  a  anlnlivision  of  the  Lower  Silnrian  (p.  IG^}. 

The  term  "  Cambrian  "  came  into  general  nse  in  the  Canadian  and  For- 
tietli  Parallel  Surreys  and  in  the  TJ.  S.  Geological  Survey  in  188^. 
With  the  exception  of  a  few  that  prefer  to  use  TatMinic,  the  term  is  gen- 
erally employed  by  geologists  of  all  countries. 

Most  of  the  English  geologists  of  the  present  time  draw  tbe  line  be- 
tween the  Cambrian  nnd  Silurian  at  the  summit  of  the  Tromodoc  and 
the  base  of  the  Areiiig  terranes.  From  a  study  of  the  list  of  geiiem  and 
species  of  the  fauua  of  tbe  Lower  and  Upi)er  Tremadoc  slatea,  I  think 
that  the  Hue  of  demarkatiou  between  the  two  systems  would  naturally 
fall  between  theae  two  subdivisions  of  the  Tremadoc.  The  fauna  of  the 
Lower  Tremtwloc,  in  its  general  faoies,  is  essentially  the  type  of  the 
Canibrisin  fauna,  and  there  are  only  a  few  genera  and  species  more  char, 
acteristic  of  the  Silurian.  The  largo  fauna  of  the  Upper  Tremadoc  slate 
is  characteristic  of  tbe  Lower  Silurian  and  the  presence  of  a  few  genera 
and  species  of  eseeufially  Cambrian  type  are  not  sufficient  to  include  it 
in  the  Cambrian.  The  fact  that  there  is  a  slight  unconformity  at  the 
summit  of  the  Tremadoc  and  the  base  of  the  Arenig  is  not  of  sufficient 
general  importance  to  wiirraut  the  placing  of  the  lino  of  de'markutiou 
between  the  groups  at  thi^  horizon. 

In  a  table  showing  the  classification  of  the  liritisb  sedimentary  rocks, 
by  Prof.  A.  J.  Jukes  Browu,^  the  Tremadoc  slates  arc  placed  in  a  stage 
between  the  Cambrian  and  Ordoviciaii. 

This  view  of  the  Treiimdoc  slates  was  held  by  Mr,  J.  W.  Salter,*  who 
wrote: 

Itnt  a  few  wonls  muni  lio  niiid  ii>bimt  tliix  iMiid  iif  nliite,  which  ho  intininU^ly  cou- 
nectfl  the  Lingnla  IIakn  Iwlnw  wiih  Ihu.n^ukx  abovv,  iiii'l  whirh  in  no  vert  liv  loss  do  dia- 
tJDct  ill  foiMsil  uhiiriiulitrH  friitii  either. 

'Canid.  KHt..D<.-vw>r..  vol.  7,  1673,  d.  T. 

cilitionorl»ttiw'-illuiuii!of(JBu)o(!.v.    Am.  Jgnr,  Hei.,  aa  wr.,  toI.  8.  187J.  p.  213. 
■  JTheclawlficnllonijf  i>trniiHrtin>eli».    Orol.MBR..  new  km.,  dec.iii.vc.l.S,  Inns,  p.  K17. 


242  THE  CAMBBIAN.  Ibiili.8L 

Dr.  Henry  Hicks  ^  says  of  it : 

The  Tremadoc  groap,  therefore^  may  be  said  throagh  many  of  its  types  of  fossilB  to 
link  tlie  Canibrian  and  the  overlying  Ordovician  (Lower  Silniian)  fbmnations  to- 
gether, while  it  yet  marks  very  distinctly  the  horizon  in  whioh  all  the  tmly  oharac- 
teristio  types  in  the  Primordial  faunas  are  lost. 

TAOONIO. 

The  first  proposition  to  apply  the  name  Taconic  to  a  system  or  series 
of  rocks  is  found  in  a  gazetteer  of  the  State  of  New  York,  published  in 
1842.'  The  article  is  unsigned,  but  it  bears  internal  evidence  of  having 
been  written  by  Dr.  Ebenezer  Emmons  as  his  first  presentation  of  the 
views  which  were  more  fully  elaborated  and  published  later  in  the  same 
year.  He  describes  the  Taghkanic  range,  and  states  that  the  rocks 
composing  the  same  are  situated  between  the  gneiss  of  Hoosic  Moun- 
tain on  the  east  and  the  slates  of  the  transition  on  the  west;  that  they 
bear  a  very  close  resemblance  to  the  primary  on  the  east,  and,  on  the 
other  hand,  a  great  similarity  to  the  transition  slates  on  the  west' 

He  says : 

It  is  not  proposed  in  this  plan  to  separate  these  rocks  from  the  primary,  bat  to 
consider  them  as  belonging  to  the  upper  portion  and  to  speak  of  them  as  the  Tagh- 
kanic rocks,  or  perhaps  as  the  Taghlcanio  system.  •  •  *  Considering  them  for  the 
present  as  belonging  to  the  npper  portion  of  the  primary,  the  Taghkanic  rocks  wUl 
be  composed,  first,  of  a  peculiar  talcose  slate,  or  a  magnesian  slate  in  part;  in 
other  parte  it  is  plumbaginons,  which  strongly  soils  the  fingers.  *  *  *  Second,  of 
white,  gray,  and  clouded  limestone  varying  in  texture  from  fine  to  coarse  granalar, 
often  interlaminated  with  slate,  the  latter  often  merely  coloring  the  limestone  bo  m 
to  impart  the  clouded  appearance.  »  *  *  Third,  of  granular  quartz,  or  a  sandstone 
generally  siliceons  aud  of  a  brown  color.^ 

In  the  concluding  remarks  on  the  Taghkanic  system,  we  read : 

On  the  whole,  in  regard  to  those  rocks  wo  have  denominated  "Taghkanic,"  we  be- 
lieve they  ought  to  be  separated  from  those  on  the  east,  being,  as  a  whole,  clearly 
distinct  from  them.® 

A  second  memoir  appeared  in  1842,  in  which  the  term  "Taghkanic^  is 
changed  to  Taconic,  and  a  detailed  description  given  of  the  geographic 
distribution  and  character  of  the  rocks  forming  the  Taconic  system. 
A  typical  section  is  presented  with  the  following  comment:® 

The  following  section,  extending  from  Petersburgh,  Rensselaer  County,  to  Adams, 
Massachusetts,  embraces  all  the  rocks  in  this  system.  Its  direction  is  nearly  east 
and  west,  or  perpendicular  to  the  strike  of  the  system  over  which  it  passes. 


*  On  some  recent  resoArches  amonp;  Lower  Paleozoic  rocks  in  the  British  Islands.    Proc.  of  the 
Geologists'  Association,  toI.  7,  p.  0. 

'Topography,  geology,  and  mineral  resources  of  the  State  of  New  York.    Gazetteer  of  the  State  of 
New  York,  by  James  Distumell.    Albany,  1842,  pp.  5-25. 
•0p.cit.,p.ll. 

*  Op.  cit.,  p.  11. 
•0p.cit.,p.l2. 

*  Geology  of  New  York,  part  2,  comprislog  the  survey  of  the  2d  geological  (northern)  district,  ISfZ* 
p.  145. 
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In  1844y  a  separate  memoir  ^  was  published  in  which  a  great  addition, 
was  made  to  the  Taoojiic  system  west  of  the  Petersburg^  end  of  the 
section  of  1842.  This  addition  was  in  1856 '  separated  as  the  Upper 
Taconic 

TACONIAN. 

Tbis  name  was  proposed  by  Dr.  T.  S.  Hant,  in  1877,  to  inclnde  the 
Lower  Taconic  of  Dr.  Emmons,^  or  the  Orannlar  Qaartz,  Berkshire 
limestone,  and  Taconic  slates  of  the  tatter's  typical  Taconic  section  of 
1842.  At  the  time  of  the  proposal  of  the  name  the  author  was  uncer- 
tain whether  the  strata  included  under  it  should  be  referred  to  the  basal 
beds  of  the  Cambrian  or  fo  a  pre-Gambrian  system  of  rocks. 

In  a  later  paper  he  refers  the  Taconian  system  of  the  Appalachians 
to  a  pre-Gambrian  horizon  as  compared  with  the  Cambrian  rocks  from 
that  region.  This  is  stated  by  him  as  follows :  <^  This  Appalachian-Cam- 
brian series  is  wholly  uncrystalline,  and  is  separated  from  the  Taconian 
by  a  stratigraphical  break,  and  by  a  great  interval  of  time,  which  in- 
cludes the  Keweenian  period."^  As  we  now  know  that  the  Granular 
Quartz  is  characterized  by  the  Lower  Cambrian  or  Olenellus  fauna,  the 
Berkshire  or  Stockbridge  limestone  by  the  Chazy -Trenton  and  perhaps 
at  its  base  by  an  Upper  Cambrian  fauna,  and  the  original  Taconic  slate 
of  the  Lower  Taconic  of  Dr.  Emmons  is  correlated  by  its  stratigraphic 
position  with  the  Hudson  shales,  the  term  Taconian  ceases  to  be  of 
value  in  geologic  nomenclature. 

PBIMOBDIAL. 

This  name  was  used  by  M.  J.  Barrande  to  designate  tlie  First  fauna, 
in  contradistinction  to  the  Second  and  Third.^ 

The  name  wiis  applied  at  first  to  the  fauna,  but,  in  1854,  in  the  first 
edition  of  '^  Siluria,"  Sir  Koderick  Murchison  designated  the  formation 
containing  the  Primordial  fauna  as  the  Trimordial  Silurian,  dividing; 
the  Silurian  into  the  Upper  Silurian,  the  Lower  Silurian,  and  the 
Primordial  Silurian.  The  useof  the  latter  term  has  been  advocated  more 
or  less  by  those  who  oppose  the  useof  the  term  Cambrian;  but  the 
name  Primordial  is  now  rarely  used  except  when  mentiouing  the  First 
fauna  of  Barrande. 


'  The  Taconio  STstem ;  baMcd  on  observations  in  New  York,  Mas8aohii8<*tt«,  Vermont,  nnd  Kbode 
lalaod.    Albany,  1844,  pp.  i-vii.  67. 

'  Emmons,"  Ebonezer.  American  Geolog3'.  oont-ainin^;  a  full  statement  of  the  principles  of  tho 
acience,  with  full  illustrationsofthecharactcristio  American fo.tsils.    Albany,  1856,  vol.  1,  pt2,  pp.49  -66. 

*  On  the  geology  of  tho  Eozoic  rocks  of  North  America.  (Abstract).  Boston  Soc.  Nat.  Hist.,  vol.  19 
1878,  p.  278. 

'Hunt,  T.  Sterry.  The  Taconic  Question  in  Geology.  Mineral  Physiology  and  Physiography.  A 
second  scries  of  chemical  and  geological  essays.     With  general  iutroiluction.    1886,  p.  G77. 

*Syst6me  Silurien  du  centre  de  la  Boh^me,  vol.  1, 1852,  p.  88. 
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POTSDAM, 

There  are  several  early  references  to.  a  sandstone  occarring  at  the 
base  of  the  section  in  the  Upper  Mississippi  Valley  and  abont  the  Adi- 
rondack Mountains  in  New  York ;  bnt  it  was  not  nntil  1838  that  it  was 
well  defined  and  given  a  distinct  name.  This  was  done  by  Dr.  £.  Em- 
mons.   In  describing  this  sandstone,  Dr.  Emmons  says:  ^ 

I  shall  not  euter  iipou  its  geological  relations  any  fartlier  than  to  state  (hatpin 
Potsdam  and  other  towns  in  which  it  appears,  it  uniformly  rests  on  the  primary 
strata ;  and  in  no  part  of  tho  county  is  there  any  rock  which  interposes  itself  between 
it  and  tho  primary,  so  that  ic  appears  here  as  the  oldest  representative  of  the  tranni- 
tion  series.  The  identification  of  this  rock  with  tlie  sandstones  along  the  southern 
border  of  Lake  Ontario  will  be  a  matter  of  some  ditlicnlty.  It  is  geologically  below 
tho  transition  limestone,  and  never  in  tho  northern  district  alternates  with  it,  bat 
always  holds  the  relation  of  an  inferior  rock.     »    *     <» 

This  rock  is  a  true  sandstone,  of  a  red,  yellowish  red,  gray,  and  grayish  white  colors. 
It  is  mado  up  of  grains  of  sand,  and  hold  together  without  a  cement.  Intermixed  with 
the  siliceous  grains  are  huer  particles  of  yellowish  feldspar,  which  do  not  essentially 
change  the  character  of  tho  sandstone,  but  they  show  the  probable  source  from  which 
tho  materials  forming  it  were  originally  derived,  viz,  some  of  the  varieties  of  granite. 

On  the  Lake  Champlain  side  of  the  Adirondacks  it  is  described  as 
follows : 

Its  position  is  evidently  beneath  the  transition  limestone  and  calciferoua  sandrock. 
It  is  very  deticient  in  organic  rolics,  though  not  entirely  destitute  of  them,  li  is 
unnecessary  to  repeat  what  has  already  been  said  of  this  rock ;  it  is  purely  quartzose 
or  siliceous  in  its  composition  and  finely  stratified.  It  dips  to  the  northeast  at  Port 
Kent  at  an  angle  varying  from  5'^  to  10^.  Tho  places  where  it  occiirH  along  Lake 
Champlain  are  indicated  on  a  map  of  apart  of  this  [Clinton  County],  to  which  I  refer 
the  reader.  This  rock  at  KeeMevillc  Ikih  boon  rrnt  in  the  moHt  remarkable  manner; 
several  fissurcH,  the  principal  one  of  which  extends  nearly  a  mile,  and  through  which 
the  An  Sable  Hows,  have  been  opened  by  some  convulsion  in  nature  to  the  depth,  in 
some  places,  of  a  hundred  feet  and  from  live  to  twenty  wide.  Near  the  bottom  of  the 
lissiiro  at  High  Bridge,  as  it  is  called,  I  discovered  numerous  specimens  of  a  small 
bivalve  molusca,  a  lingula.  I  found,  .also,  on  examination,  that  tho  same  fossil 
occurred  throogh  an  extent  of  70  feet  at  least,  and  so  far  as  1  ccuild  discover,  it  was 
the  only  fossil  inclosed  in  the  rock.  It  is  extremely  thin  and  delicate,  yet  the  shell 
is  perfectly  i>reserved,  and  is  probably  one  of  the  oldest  inhabitants  of  the  globe,  a.s 
the  rock  in  which  the^-  occur  is  the  oldest  of  the  transition  series.- 

Tho  name  "rotsdain  sandstone"  was  quickly  accepted  by  the  !New 
York  State  geologists,  incorporated  in  their  annual  reports,  and  used  in 
the  final  report  on  the  geology  of  the  State.  The  extension,  by  corre- 
lation, of  the  name  to  the  Southern  Appalachians,  through  Pennsyl- 
vania, Virginia,  North  Caroliua,  Tennessee,  and  Alabama;  westward 
through  the  Mississippi  Valley  and  the  Eocky  Mountains,  and  north 
into  Canada,  and  down  the  St.  Lawrence  Valley,  rapidly  followed,  until 
the  name  Potsdam  is  now  used  to  typify  the  Upper  Cambrian  zone  in 
all  parts  of  America. 


•  Kopoi  t  ol"  1  lie  ^eol(>;;ist  of  tlie  2il  «:coloi;ical  dlHtriot  ul'  Xuw  York.    Second  uunual  rep(»rt  of  the  Geo- 
lopt-al  Survey  of  N.  Y.    Albany,  1838,  pp.  214.  215. 
»Op.cit.,p.230. 
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ST.  OBOUC* 

The  name  St.  Oroiz  was  proposed  by  Prof  K  H.  Winchell  in  1873 
for  the  fossiliferons  sandstone  beneath  the  Lower  Magnesian  limestone 
of  the  Mississippi  Valley.  The  reason  given  is  that  the  sandstone  iden- 
tified by  Dr.  D.  D.  Owen  as  the  Potsdam  sandstone  is  unconformably 
snpeijacent  to  a  series  of  quartzites  in  Wisconsin  and  Minnesota  that 
are  the  tme  eqaivalents  of  the  Potsdam  sandstone  of  New  York.^ 

The  presence  of  the  same  flaana  in  the  typical  Potsdam  sandstone  on 
the  northern  side  of  the  Adirondack  Mountains  as  that  found  in  the 
upper  sandstone  of  St.  Oroix  Falls  negatives  this  view  and  correlates 
the  sandstones  that  are  unconformably  superjacent  to  the  lower  quartz- 
ites with  the  typical  Potsdam,  and  refers  the  lower  quartzites  to  the 
Algonkian.  The  name  St.  Croix, however,  is  retained  for  the  fossiliferons 
Cambrian  sandstones  of  the  upx>er  Mississippi  Valley  in  WisconsiD, 
lowa^  and  Minnesota. 

MADISON. 

The  name  Madison  sandstone  was  proposed  by  Prof.  B.*D.  Irving,^ in 
1877,  for  a  band  of  sandstone  consisting,  in  large  part,  of  nearly  pure 
white  quartz  sand,  with  a  thickness  of  35  to  50  feet,  and  lying  between 
the  base  of  the  Magnesian  limestone  of  the  Lower  Silurian  (Onlovician) 
and  the  Mendota  limestone  in  Wisconsin. 

BIENDOTA. 

This  name  was  proposed  by  Prof.  E.  D.  Irving,  in  1877,  for  a  cal- 
careous stratum  near  the  upper  portion  of  the  ^^  Potsdam  "  formation  of 
Wisconsin.  It  is  formed  of  alternating  sandy  and  calcareous  material 
that,  in  the  upper  portion,  is  almost  a  well  marked  and  very  persistent 
yellow  limestone  layer,  with  a  thickness  of  30  feet.^ 

TONTO. 

This  name  was  applied  by  Mr.  G.  K.  Gilbert,  in  1874,*  to  a  series  of 
sandstone  and  shale  between  the  subjacent  granite  and  the  sux>erjacent 
massive  limestones  that  occur  in  the  section  at  the  mouth  of  the  Grand 
Caiion  of  the  Colorado  Eiver,  Arizona.  He  considered  the  formation 
of  Primordial  age,  and  it  has  since  been  found  to  contain  an  Upper 
Cambrian  fauna.  It  was  more  fully  described  by  him  in  the  following 
year.^ 

>  General  sketch  of  the  geology  of  Minnesota.  Geol.  and  Nat,  Ilist.  Survey,  Minnesota^  1st  Ann. 
Rep.  for  1872, 1873,  pp.  70  -72. 

'  The  Lower  Silarian  rocks.  (Geology  of  central  Wisconsin.)  GcoL  Wisconsin,  survey  of  1873-1879, 
vol.  2, 1877,  p.  525. 

•  IbiJ.,  526. 

•  On  tlie  age  of  the  Ton  to  sandstone.    (Abstract)    Washington  Phil.  Soc.  Bull.,  voL  1, 1874,  p.  109. 

•  Explorations  and  surveys  west  of  the  100th  Merid.,  voL  3, 1875,  p.  103 ;  pp.  521-522. 


\ 
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HAMBURG. 

The  Hamburg  limestone  and  the  Hamburg  shale  are  names  used  by 
Mr.  Arnold  Hague,  in  1881,  to  designate  the  Upx>er  Cambrian  limestone 
and  shale  of  the  Cambrian  section  of  the  Eureka  district,  Nevada.  The 
limestone  is  superjacent  to  the  Secret  Caiion  shale  and  subjacent  to 
the  Hamburg  shale.  The  latter  is  characterized  by  a  well  developed 
Upper  Cambrian  fauna.^ 

SECRET  CAflON. 

This  name  was  applied  by  Mr.  Arnold  Hague,  in  1881,  to  a  band  of 
shale  in  the  Cambrian  section  of  the  Eureka  district,  superjacent  to  the 
Prospect  Mountain  limestone  and  subjacent  to  the  Hamburg  limestone, 
characterized  by  a  fauna  that  may  be  referred  to  the  upper  portion  of 
the  Middle  Cambrian.' 

KATEMCY. 

Prof.  Theodore  B.  Comstock,  in  describing  the  Upper  Cambrian  rocks 
of  the  central  area  of  Texas,  proposed  the  name  *'Katemcy"  for  the 
** Potsdam  series,''  or  Upper  Cambrian.(!)'  This  terrane  is  named  from 
the  beds  exposed  in  the  valley  of  Kjitemcy  Creek,  Mason  County. 

RILEY. 

This  name  was  proposed  by  Prof.  Theodore  B.  Comstock,  for  a  series 
of  sandstones  which  he  considered  to  be  superjacent  to  the  Hickory 
series  of  the  Central  Texas,  Cambrian  section,  and  subjacent  to  tlie 
Katemcy  or  Potsdam  series.  He  referred  it  provisionally  to  the  Middle 
Cambrian  zone.* 

HICKORY. 

This  name  was  proposed  by  Prof.  Theodore  B.  Comstock,  for  a  series 
of  strata  that  he  considered  to  underlie  the  typical  Potsdam  Sandstone 
of  the  central  Texas  section.  He  referred  the  series  provisionally  to 
the  Lower  Cambrian.* 

CONNASAUGA. 

•  

This  name  was  proposed  by  Mr.  C.  Willard  Hayes,  for  the  Cambrian 
shales  at  the  summit  of  the  Cambrian  section  in  northwestern  Georgia. 
He  correlated  it  with  the  Knox  shale  of  Saflfbrd's  Tennessee  section, 
assigning  to  it  a  thickness  of  1,000  to  2,000  feet.^ 


>  Report  (ou  work  in  Eareka  District).     U.  S.  Geol.  Sarv.,  2(1  Ann.  Rop.,  1880-'81, 1881,  p.  27 ;  3d  Add. 
Rep.,  1 888,  p.  255. 
«Il»id.,pp.27,  253. 

*  Comstock,  T.B. :  A  preliminary  report  on  the  geology  of  the  central  mineral  region  of  Tex**- 
First  Ann.  Rept.  Geol.  Surv.  Texaj»,  lt?8»,  p.  289. 

<  Ibid.,  p.  286. 
« Ibid.,  p.  285. 

•  The  overthrust  faults  of  the  flouthom  Appalacliiaus.    Bull.  Cleol.  See  America,  vol.  2,  Feb.  189I,p- 
143,  pi.  3. 
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This  name  seems  to  be  a  synonym  of  Montevallo  shales  proposed  by 
Prof  Eugene  A.  Smith. 

MONTEVALLO. 

The  name  Montevallo,  or  Ghoccolocoo,  shales  was  proposed  by  Prof. 
Engene  Smith,  for  a  series  of  sandy  shales  of  a  great  variety  of  colors, 
8Qcb  as  olive,  green,  brown,  chocolate,  yellowish,  etc.,  thatoccar  above 
the  Ooosa  shales  in  northeastern  Alabama.' 

This  name  appears  to  be  equivalent  to  Oonnasauga  shales  proposed 
by  Mr.  0.  Willard  Hayes. 

CHOCOOLOOCO. 

This  is  apparently  a  synonym  of  Montevallo. 

COOSA. 

The  name  Goosa  shales  was  proposed  by  Prof.  Eugene  A.  Smith  for 
the  shales  in  the  Coosa  Valley  at  the  base  of  the  Cambrian  section. 
They  ^ve  described  as  thin-bedded  limestones  with  clay  seams  be- 
tween.* 

This  name  is  also  used  by  Mr.  C.  Willard  Hayes  in  a  paper  read  be- 
fore the  Geological  Society  of  America,  December  29, 1890,  and  pub- 
lished February  9, 1891.  It  was  applied  to  the  series  of  shales,  some 
3,000  feet  in  thickness,  occurring  at  the  base  of  the  Cambrian  section 
in  northwestern  Georgia.^ 

BOME  SANDST019E. 

This  name  was  proposed  by  Mr.  C.  Willard  Hayes  for  a  sandstone  of 
Cambrian  age  occurring  at  Eome,  Georgia.  In  connection  with  the 
Weisner  quartzite  it  is  given  a  thickness  of  from  2,000  to  3^500  feet. 
The  correlation  is  with  the  Knox  sandstones  of  Tennessee.^ 

BRETONIAN. 

■ 

This  name  is  applied  by  Mr.  G*  F.  Matthew  to  the  upper  series  of 
Cambrian  rocks  as  found  in  the  vicinity  of  St.  John,  New  Brunswick, 
and  on  the  island  of  Cape  Breton,  where  the  fauna  of  the  division  is 
well  developed.  It  will  be  arranged  as  an  Upper  Cambrian  forma- 
tion.' 

*  Geological  stmctare  and  description  of  the  vidley  region  a^acent  to  the  Cahalw  Coal  Field.   Geol. 
Surr.  Alabama.     Report  on  tbe  Cahaba  Coal  Field,  pt  u,  1890,  p.  148.     (laaned  January,  1891. ) 

3  Ibid.,  p.  14& 

'  Tbe  ovortbrast  faults  of  tbe  Soutbem  Appalacians.    Ball.  GeoL  Soc.  America,  vol.  2,  Feb.,  1801, 
p.  143,  pi.  3. 
«Ibid.,p,143. 

*  Ulaatrations  of  tbe  fauna  of  tbo  St.  Jobn  gronp,  No.  5.    Trans.  Koy.  Soc  of  Canada,  vol.  8,  ]800| 
p.  128. 
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ACADIAN. 

Tho  name  Acadian  was  proposed  by  Sir  J.  W.  Dawson  in  1867  foi 
the  series  of  rocks  represented  in  Kew  Brunswick  by  the  St  John  slate 
of  Mr.  G.  F.  Matthew.^  In  1868  these  observations  were  reprinted, 
with  the  statement  that  the  discovery  adds  a  new  formation  to  the  Pa- 
leozoic period  in  America.    He  says : 

This  formation  has  as  yot  been  known  as  the  ''  St.  John  group,*'  bnt  I  think  this 
name  unsuitable,  both  on  account  of  the  number  of  places  known  as  St.  John  and  on 
account  of  the  variety  of  formations  occurring  near  St.  John,  in  New  Brunswick,  and 
would  propose  for  the  group  now  under  consideration,  characterized  by  ParadaxideSf 
Cofiocep  halites f  etc.,  and  the  oldest  known  member  of  the  Paleozoic  of  America,  the 
name  Acadian  group,  by  which  I  hope  it  will  be  known  to  geologists  in  whatever  part 
of  Auierica  it  may  be  recognized.'* 

In  a  recent  paper  on  the  fanna  of  the  St  John  group,  Mr.  6.  F.  Mat 
thew  limits  the  term  Acadian  to  his  Division  1  of  the  New  Brunswick 
Cambrian  section.    This  includes  the  fanua  of  the  Paradoxides  zoue.^ 

ST.  JOHN'S. 

Prof.  J.  Beete  Jukes  in  1843  ^  used  the  name  St.  John's  slate  for  the 
slate  as  seen  near  St.  John's,  Newfoundland,  beneath  the  Signal  Hill 
sandstone.  When  referring,  in  1862,  to  this  work  ^  he  states  he  did  not 
find  any  fossils  in  the  lower  slate  formation,  but  that  Mr.  O.  Bennett, 
subsequently  found  trilobites  of  the  genus  Paradoxides  in  the  slates  on 
the  west  side  of  St.  Mary's  Bay.  These  were  named  P.  bennetti  by  Mr. 
J.  W.  Salter.  On  the  map  accompanying  the  report  of  18i3,  the  slates 
of  St.  John's  extend  southward  from  St.  John's  and  around  the  southern 
l>oint  of  the  Avalon  Peninsula  to  and  about  the  Bay  of  St.  Mary's. 

The  investigation  of  Dr.  Alexander  Murray  and  Mr.  J.  P.  Howley  in 
connection  with  the  geological  survey  of  Newfoundland,  have  shown 
that  the  slate  carrying  Paradoxides  about  St.  Mary's  Bay  is  a  later 
formation  than  the  slate  at  St.  John's;  and  that  the  Paradoxides  slates 
are  unconformably  superjacent  to  the  slates  to  which  Prof.  Jukes  gave 
the  name  of  St.  John's  in  1843,  This  restricts  the  name  as  given  by 
Prof.  Jukes  to  the  slate  series  of  St.  John's,  described  as  from  2,000 
to  .'^,000  feet  thick.  It  was  in  this  series  of  slates  that  the  Rev. 
Moses  Harvey  discovered  the  fossil  which  Mr.  Billings  described  as 
Aspidella  terranovica.  The  entire  series,  along  with  the  Signal  Hill 
sandstone  of  Prof.  Jukes,  was  referred  to  the  intermediate  or  Huronian 


'  On  roccnt  ce<)loKicaI  discovoiica  in  the  Acadian  provinces  of  Britinh  America.    Proc.  Am.  Absoc 
Adv.  S<  i.,  vol.  Ifi.  1807,  pp.  1 17-119. 

*  Acadian  geology.    TIm*  goologioal  stnicturo,  organic  romalnfl,  .and  mineral  reaonrces  of  Nova  Sco- 
tia, New  IJninswirk,  and  l'i:n<;«  Edward  Lsland.s.    'Jd  ed.,  London,  1868.  p. 038. 

^  Illustrationa  of  the  fauna  of  the  SL  John  Group  Xo.  5.    Trans.  Koj'.  Soc.  of  Canada,  vol,  8,  1891, 
p.  121). 

*  General  report  of  tho  gfologic4»l  survey  of  Newfoundland  in  1839  and  1840.    London,  1843,  p.  50. 
»  Tho  Stud«mt'8  Manual  of  Geologj'.    2d  edition,  Edinburgh,  1862,  p.  457. 
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system  by  Dr.  Marcay;  and  in  the  olnasiflcatton  osod  in  ttiia  inomoir 
it  is  inoladed  under  the  Alffonkian,  fu  a  pre-Oambrian  formalion. 

In  proiKwing  a  oloBsifioation  for  the  formations  In  the  vicinity  of  St. 
John,  Nev  Bmnawiok,  Mr,  F,0,Matthevr  proposed  th^tarm,  "St.  John 
gronp'*  for  serenU  zones  of  soft  black  and  dark  gray,  finely  laminated 
shales  alternating  with  zones  of  coarser  grained  slates,  ooutaiiiing  nn- 
ineroaa  thin  beds  of  flne-grained  sandstone.'  Tbefbssila  were  Littgula,  a 
Ooncbifer,  Annelids,  and  Coprolitea.  This  was  repablished  iu  1865,  and 
is  used  in  all  the  latest  publicatioad  by  Mr.  Matthew. 

In  view  of  the  fact  that  the  term  "St.  John's"  was  nsed  for  a  distinct 
forinatioa  by  Prof.  Jokes  in  1843,  it  appears  best  to  continue  to  apply 
it  to  these  slates  of  the  Algonkian  ;  and  to  use  the  later  name  "Aca- 
dian" for  the  slates  at  St.  John,  New  Brunswick, 

JOHANMIAN. 

This  name  is  proposed  by  Mr.  G.  F.  Matthew  for  a  local  series  of 
strata  in  the  St  John  basin  of  Kew  Brunswick  that  occur  between  the 
Parmloxides  zone,  or  Division  No.  1,  and  the  Uppei'  Cambriuu  Zone,  or 
Division  No.  3,  which  he  calls  Bretoniao.' 


The  name  Georgia  was  incidentally  used  by  Prof.  Jules  Mstrcou  in 
1860,  when  stating  that  "  Prof.  Emmons  has  always  regarded  the  black 
slates  of  Georgia  as  a  part  of  his  Taconic  system."^  In  the  following 
year  the  name  was  used  iu  volume  1  of  the  Geology  of  Ycniiont,  in  the 
systematic  description  of  a  group  of  formations,  the  typical  oue  of 
which  is  a  series  of  slates  and  shales  above  the  *'  Ked  snndrock  "  iu  the 
town  of  Georgia,  Vermont.  There  was  also  included  iu  the  group  the 
roofing  slate  belt  of  Kutlaud  County,  Vermont,  that  passes  into  Wash- 
ington OoDuty,  New  York.  A  provisional  reference  was  maile  of  a 
series  of  clay  slates  that  occur  in  the  central  part  of  the  State.^  A  full 
description  of  the  formations  referred  to  the  group  is  given  in  the  text, 
and  their  geographic  distribution  i»  deliiieiited  on  an  iiceoinpanying 
map. 

I'rof.  Jules  Marcou  adva?iccd  the  claim  that  he  first  used  the  name 
Georgia  in  October,  18(i0,  which  was  followtid  in  DeoMiiber,  1861,  with 
a  full  defiuitiou  of  the  group.''    Prof.  Uitcheock  in  reply  to  this,  states 

I  Hattliow,  G.  F. :  OlisairktioUH  on  tlie  e»loiy  of  SI.  Juhii  Cuuuty,  Saw  Ijrun>wlck.  Cusdtuii 
Hat.vol.S.  lK3,ji.  244. 

•lllaBtrsUDiiBDf  the  fkouaot  tbo  St.  John  OT'ODpMu.G.  Tnni. Ku.v. Soc. of  CuuIb, vol.  B,  INI, 
p.lBI, 

'On  lbs  PtliDDnlUt  FauDit  sad  the  Tiuonin  Syitan,  by  JoBchlm  Bamnd?,  vitU  nOilltlaijal  uotcs  by 
JuIks  Marcou.  Proo.  BuitoD  Sac  Mst.  Hilt.,  ToL7,1gSU,ii.37S. 

'  UlU'hcock,  C.H.    Uealou'  of  Veiiuunl,  vol.1,  p.  3li1. 

•TheTacunlo  of  QeorKla  uiiltho  Iteporl  on  Uiu  Geoluxy  of  Vamiout.    Meniolni  BonMn  Hoc  Mat 
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that  excerpts  from  volame  1  of  the  Geology  of  Vermont  were  distribnted 
prior  to  December,  1861,  and  that  it  was  in  print  by  July,  1861,* 

On  a  map,  in  the  atlas  accompanying  the  Geology  of  Canada  for  1863, 
published  in  1865,  the  Georgia  group  of  Profl  Hitchcock  is  included 
with  the  '^  Bed  Sandrock  "  in  a  common  color,  and  is  so  referred  to  in 
the  legend.  This  includes  the  ^^  Ked  Sandrock"  series  and  the  Qeor. 
gia  series  of  Prof.  G.  H.  Hitchcock  as  one  formation  nnder  the  name 
of  Potsdam. 

In  1886  the  "Red  Sandrock'^  was  included  by  Mr.  C.  D.  Walcott 
with  the  shales  of  the  Georgia  series,  in  the  Middle  Oambrian  or  Geor- 
gia group.^  The  reference  to  the  Middle  Cambrian  was  changed  to 
Lower  Cambrian  three  years  later.^ 

GEANULAE  QUARTZ. 

This  is  one  of  the  first  formations  differentiated  and  named  by  Prof. 
Amos  Eaton.^  He  referred  it  to  the  Primitive  class  and  indicated  its 
stratigraphic  position  on  a  section  accompanying  the  index.  The  name 
was  accepted  by  Dr.  E.  Emmons^  in  1842  and  placed  as  the  second 
member  of  his  Taconic  system,  between  the  second  bed  of  Stockbridge 
limestone  and  the  third  bed  of  limestone.  This  section  was  corrected 
in  1844,  so  as  to  place  the  "Granular  Quartz''  at  the  base  of  the  Taconic 
system.^ 

In  1887  the  Oleuellus  fauna  was  discovered  by  Mr.  O.  D.  Walcott  in 
the  ''  Granular  Quartz  ^  near  Bennington,  Vermont,  thus  determining 
its  pre-Potsdam  age.'' 

RED   SANDROCK. 

The  occurrence  of  a  red  sandstone  at  Burlington  Falls,  Vermont,  was 
mentioned  by  Prof.  C.  T.  Jackson  in  1844.^ 

In  the  scheme  of  Dr.  O.  B.  Adams,  illustrating  the  rocks  of  Vermont, 
as  expressed  in  the  nomenchiture  of  tlie  New  York  system,  the  fied 
Sandrock  occurs  above  the  Hudson  Kiver  shales.^ 

The  correlation  thus  indicated  is  that  of  the  reddish  brown  Medina 
sandstone  of  the  New  York  series  with  the  reddish  colored  "sandstone" 
of  Vermont,  and  tlie  name  Eed  Sandrock  was  applied  to  the  latter, 
thus  originating  a  term  that  has  continued  in  geologic  literature,  not- 


•  Date  of  the  publicatioo  of  the  report  ui>on  the  Geology  of  Vermont.  Boston  Soc.  Nat  HIbL  Proc, 
vol.  24, 1888,  ]).  34. 

2  U.  S.  Geol.  Survey,  Bull.  No.  30, 1886,  p.  44.  * 

•StratiKraphic  position  of  the  Olenellua  Fauna  in  North  America  and  Europe.  Am.  Jonr.  ScL. 3d 
Ber.,  vol.  37, 1889,  p.  383. 

^  An  index  to  the  Geoloj^y  of  the  Northern  States,  with  a  transverse  section  fromCatskill  Mountain 
to  the  Atlantic.    Leicester,  1818,  p.  21. 

'  (ieol.  of  N.  Y.,  l»art  2,  comprising  the  survey  of  the  2d  (Jeol.  (Northern)  District,  1842,  p.  144. 

*  The  Tnconio  System ;  based  on  observations  in  New  York,  Massachusetts,  Vermont  and  Ubude  Isl- 
and.    Albany,  1844,  p.  18. 

'  Discovery  of  fossils  in  the  Lower  Taconic  of  Emmons.    Am.  Assoc.  Proc, vol.  36, 1888,  p.  212. 
■Final  report  on  the  Geology  and  Mineralogy  of  the  State  of  New  Hampshire,  1844,  p.  161. 
'  First  Ann.  Kep.  on  the  Geology  of  Vermont.    Burliugtoii,  1845,  p.  Gl. 
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witlistandiDg  the  fact  that  the  rock  itself  is  a  magnesian  limestone, 
with  more  or  less  siliceous  and  sandy  beds  alternating  with  the  lime- 
stone. 

In  the  second  annual  report  of  Vermont  by  Dr.  Adams,  in  the  descrip- 
tion of  a  section  of  Snake  Mountain,  Addison  Oounty,  the  strata  cap- 
ping the  mountains  are  designated  by  the  name  of  Bed  Sandrock.^ 

PRIMAL. 

The  term  Primal  was  proposed  by  the  brothers  Bogers  in  1844  and 
defined  as  follows : 

Our  Primal  aeries  embraces  the  foar  great  rocks  between  the  base  of  the  Paleozoic 
strata  and  the  base  of  the  first  limestone,  the  Calciferons  sandstone  of  New  York.^ 

The  equivalent  expression  was  Formation  Ko.  1,  and  both  terms  have 
been  used  in  the  geologic  work  of  Pennsylvania,  Mar^iand,  and  Vir- 
ginia, but  they  have  not  come  into  general  use. 

OHILHOWEE. 

•  

The  name  Chilhowee  was  proposed  by  Prof.  J.  M.  Safford  in  1856  for 
a  series  of  sandstones  and  shales  superjacent  to  the  Ocoee  conglom- 
erates and  shales  and  subjacent  to  the  Magnesian  limestone  and  Shafe 
group,  or  what  was  subsequently  called  the  Knox  shale  and  the  Knox 
limestone.^ 

By  the  discovery  of  the  Olenellus  fauna  in  the  shale  resting  upon  the 
quartzite  of  Chilhowee  Mountain,  the  Gbilhowee  Mountain  quartzite  is 
referred  to  the  Lower  Cambrian  and  correlated  with  the  Granular 
quartzite  upon  the  western  slope  of  the  Green  Mountains  of  Vermont. 

WEISNEB. 

This  name  is  proposed- by  Prof.  Eugene  A.  Smith  for  the  lenticular 
masses  of  quartzite  that  occur  in  the  Montevallo  shale  of  northeastern 
Alabama.  He  correlates  the  quartzite  with  the  Chilhowee  Mountain 
quartzite  of  Tennessee.  This  correlation  is  probably  incorrect,  as  the 
latter  quartzite  is  of  Lower  Cambrian  age.* 

This  name  is  also  used  by  Mr.  C.  Willard  Hsiyes  for  a  series  of  quartz- 
ites  that  occur  between  the  Coosa  shales  and  the  Connasauga  shales 
of  the  Cambrian  section  of  northwestern  Georgia.  In  connection  with 
the  Eome  sandstone  he  mentions  the  correlation  of  it  with  the  Knox 
sandstone,  Potsdam  or  Chilhowee,  Prof.  Safford's  Tennessee  section, 
by  Profs.  Smith  and  Safford.* 

1  StKM>nd  Ann.  Bep.  of  Geol.  Snrv.  of  Vermont,  1846,  p.  163. 

*  On  American  geology  and  present  condition  of  geological  research  in  the  United  States.   Am.  Jonr. 
Sci.,vol.47,  lM4,p.l56. 

'  A  geological  reconnaissance  of  Tennessee ;  first  biennial  report.    Kasbvillo,  1806,  p.  152. 
Kireological  stmcture  and  description  of  tlie  valley  region  a<1jacent  to  the  Cahaba  Coal  Field.    GeoL 
Snrv.  Alabama.    RepC  on  the  Caliaba  Coal  Field.    Ft  ii,  1890,  p.  149. 

*  The  OTerthmst  fanlts  of  the  southern  Appalachians.    Bull.  Geol,  Soc.  America,  toI.  2,  Feb.,  1891, 
p.  148. 
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OGOEE. 

This  name  was  proposed  by  Prof.  J.  M.  Safford  in  1856  for  a  series  of 
conglomerates  and  slates  that  he  considered  to  be  superjacent  to  the 
Mica-slate  groap  and  subjacent  to  the  Chilhowee  sandstone.^ 

PBOSPEOT. 

For  the  lower  members  of  the  Cambrian  section,  in  the  Eareka  dis- 
trict, Nevada,  Mr.  Arnold  Hague  proposed,  in  1881,  Prospect  Mountain 
quartzite  and  Prospect  Mountain  limestone.^  As  now  known  the  up- 
per portion  of  the  Prospect  Mountain  quartzite  is  characterized  by  the 
Olenbllns  or  Lower  Cambrian  fauna,  and  the  Prospect  Mountain  lime- 
stone by  the  Middle  Cambrian  fauna  of  the  Bocky  Mountain  section. 

EASTERN  AND  WESTERN  SANDSTONE. 

These  names  were  applied  to  the  horizontal,  evenly  bedded  sand, 
stones  of  the  south  shore  of  Lake  Superior,  east  and  west  of  Keweenaw 
Point,  by  13r.  E.  D.  Irving  in  1883  ^is  convenient  terms  under  which  to 
describe  the  character  of  the  sandstone  and  its  geographic  distribn- 
tiqn.^ 

LAKE  SUPERIOR  SANDSTONE. 

Dr.  J.  J,  Bigsby  described  the  red  and  white  sandstone  along  the 
south  shore  of  Lake  Superior  as  early  as  1825,  and  in  the  account  of 
the  geology  of  Lake  Superior  by  Capt.  H.  W.  Bayfield,  he  speaks  of 
the  sandstones  of  Lake  Superior.'*  As  used  by  Capt.  Bayfield,  the  Lake 
Superior  sandstone  included  both  the  Cambrian  sandstones  of  the  south 
shore,  and  the  pre-Canibriau  sandstones  of  Keweenaw  Point  and  the 
north  shore  of  the  Lake.  It  has  been  used  by  various  authors  in  the 
same  general  manner,  and  has  little  value  as  a  term  in  stratigraphic 
geology. 

POTSDAMTC. 

Prof.  C.  H.  Hitchcock  proposed  in  1888  for  the  rocks^  containing  the 
Cambrian  fauna,  the  name  Potsdamic  or  Taconic. 


•  A  geological  reconnaisaaoco  of  Tennessee :  first  l>ieunial  report.    Xashville,  185<l,  p.  151. 
'U.S.Geol.  Survey,  Second  Ann.  Kep.,  IH80-'81.  18k?,  p.  ITT;  3(1  Ann.Rep.,p.2&4. 

'  The  copper-bearing  rocks  of  Lake  Superior.     V.  S.  Geol.  Survey,  Monograph,  vol.  5 ;  1883,  pp.  S51, 365. 
*  Oatlines  of  the  Geology  of  Lake  Superior.    Quebec  Lit  and  Hist.  Soc.  Trans.,  vol.  1, 182J>,  pp.  ll>-22. 
6  Date  of  the  publication  of  the  report  upon  the  Geology  of  Vermont.    Boston  Soc.  Nat.  Hist.  Proc 
vol.  24, 1888,  p.  37. 


CHAPTER    IV. 

SUMMARY  OF  THE  PRESENT  KNOWLEDGE  OF  THE  FORMATIONS. 

The  data  ander  this  heading  is  assembled  for  each  of  the  following 
Geologic  Provinces : 

Atlantic  Coast  Province. 
Appalachian  Province. 
Rocky  Mountain  Province. 
Interior  Continental  Province. 

A  brief  rdsum^  is  given  at  the  end  of  the  description  of  the  forma- 
tions of  each  province  and  a  general  r6sum<S  of  the  Cambrian  Group  at 
the  end  of  the  chapter. 

ATLANTIC  COAST  PEOVINCE. 

This  includes  the  rocks  referred  to  the  Cambrian  group  on  the  Island 
of  Newfoundland  and  the  adjoining  coast  of  Labrador,  the  provinces 
of  Nova  Scotia  and  New  Brunswick,  and  Cape  Breton,  and  the  States 
of  Maine,  New  Hampshire,  and  eastern  Massachusetts. 

NEWFOUNDLAND  AND  TUE  ADJOINING   COAST  OF   LABRADOR. 

The  detailed  knowledge  we  have  of  the  Cambrian  rocks  of  Newfound- 
laud  is  obtained  largely  from  the  publications  of  the  Geological  Survey 
of  Canada  for  the  northwest  and  west  coast  and  the  Labrador  coast, 
and  from  the  descriptions  by  the  Newfoundland  Survey  of  the  eastern 
and  southeastern  coast.  To  the  hitter  there  is  added  the  results  of  a 
season's  work  on  the  Avalon  peninsula,  by  the  writer. 

MORTIlWEfiTEIlN  SEWFOUNDLAND. 

The  Cambrian  strata  on  the  adjoining  coast  of  Labrador  are  included 
with  those  of  the  Cambrian  area  of  northwestern  Newfoundland,  as 
the  two  are  considered  to  belong  to  one  geologic  province. 

The  section  at  L'Anse  an  Loup,  on  the  north  side  of  the  straits  of 
Belle  Isle^  shows  231  feet  of  arenaceous  beds  at  the  base,  overlain  by 


■Logan,  W.  E. :  Geological  Survey  of  Canatlii;   report  of  progioHS  fioiu  its  commenceinent  to  1863. 
Kontreal,  18tf3,  p.  288. 
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143  feet  of  gray,  reiidish  and  greenish  limestones.    The  section  is,  in 
detail,  as  follows : 

Feet 

1.  Red  and  gray  sandstones,  sometimes  of  a  reddish  gray ;  eonsisting,  in  the 
lower  part,  of  a  conglomerate  composed  of  rounded  pebhlee  of  white  qaartz 
from  an  eighth  of  an  inch  to  3  inches  in  diameter,  in  a  matrix  of  fine-grained 
sandstone,  made  up  of  whitish  and  reddish  quartz,  and  white  and  red  feld- 
spar. A  similar  fine-grained  mixture  constitutes  the  great  mass  of  rock  in 
the  upper  part.  The  beds  vary  in  thickness  from  3  inches  to  3  feet,  and  many 
of  them  are  penetrated  vertically  by  ScolithH8  linearis,  about  a  quarter  of  an 
inch  in  diameter,  and  always  of  a  lighter  color  than  the  surrounding  mass. 
Four  feet  below  the  summit  there  is  a  bed  3^  feet  thick,  of  a  mammillated  or 
concretionary  character ;  the  concretions,  which  are  from  1  to  10  feet  in  hori- 
zontal diameter,  being  composed  of  concentric  layers  from  a  quarter  to  half 

an  inch  thick , , 2Sl 

2,  Gray,  reddish,  and  greenish  liraestones,  presenting  on  the  strike  great  diver* 

sities  of  character.  They  sometimes  consist  of  yellow- weathering,  massive, 
nodular,  argillaceous  limestones,  probably  magnesian,  holding  lenticular 
patches  of  pure  limestone,  as  well  as  of  red  and  green  shale  from  3  to  6 
feet  in  horizontal  diamet-er.  On  the  strike  these  yellow- weathering  lime- 
stones pass  in  some  parts  into  gray,  compact,  pure  limestone,  in  thick, 
massive  beds,  while  in  others  they  are  evenly  divided  into  layers  of  only  2 
or  3  inches  thick.  In  Forteau  Bay  the  whole  mass  appears  to  be  more  or 
less  fossiliferous 143 


374 


I  examined  the  collections  from  these  limestones  now  in  the  Canadian 
Geological  Survey  collections,  and  found  the  following  species,  most  of 
which  had  been  recognized  and  described  by  Mr.  Billings : 


Pahcopbycns  incipiens. 
Archa!0cyatliU8  profundus. 
Spirocyathes  atlauticus. 
Cosciuocj'athus  billingsi. 
Iphidea  bella. 
Kutorgina  cingulata. 

labradoricu. 
Obolclla  chroHiatica. 
Orthis  2  sp. 


Stonotheca  elongata. 

rugosa. 
Hyolitbes  billingsi. 
Salterella  pulchella. 

rugosa. 
Olenellus  thompsoui  ? 
Ptycboparia  miser. 
Pro ty pus  sencctns. 
Soleuopleura  (like  S.  nana). 


In  describing  the  extension  of  the  rocks  along  the  north  shore  of  tbe 
Straits  of  Belle  Isle,  Sir  William  E.  Logan  states  that  they  rest  ou  tbe 
Laurentian  gneiss,  and  extend  along  the  coast  for  nearly  80  miles,  with 
a  probable  breadth  of  10  or  12  miles,  and  slope  towards  the  water  at  au 
average  of  about  60  feet  to  the  mile.  In  this  stretch  along  the  coast 
they  are  divided  into  five  or  six  tabular  masses,  separted  from  one  an- 
other by  narrow  denuded  portions  of  the  gneiss.^ 

On  the  Newfoundland  shore  sandstones  occur  that  were  referred  to 
the  Potsdam  sandstone  from  their  stratigraphic  relations  to  superja- 
cent limestones  containing  Lingulepis  acuminaia?  The  data,  however, 
does  not  fully  sustain  this  reference.     Following  south  along  the  west 


^  Op.  cit.,  p.  387. 
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coast  nearly  200  mileSi  to  Bonne  Bay,  a  more  extended  section  of  Cam- 
brian strata  is  met  with  that  is  described  in  detail,  as  follows  :^ 

Between  1  and  2  miles  inland  firom  the  northeast  side  of  the  east  arm  of  Bonne 
Bay  there  arises  a  range  of  hills  of  Laorentian  gneiss,  2,000  or  3,000  feet  in  height, 
on  the  flank  of  which  is  exposed  the  foUowing  measured  section : 


Feet. 

1.  Blackish  hlne,  fine-grained  slate,  with  a  cleavage  indei)endent  of  the  bed- 

ding. Of  this  slate  only  105  feet  of  the  npper  part  are  seen ;  the  lower 
part  is  concealed  in  the  space  between  the  npper  portion  and  the  gneiss, 
and  may  comprise  a  thickness  of  abont  230  feet 3;i5 

2.  Blackish  blae  slate  interstratified  with  gray  quartzites,  in  beds  of  from  6 

inches  to  3  and  4  feet.  In  the  80  feet  at  the  bottom  the  quartzites 
greatly  predominate,  and  they  constitnte  15  feet  at  the  top,  while  the  in- 
termediate 175  feet  consist  chiefly  of  slate • 270 

605 

B. 

1.  Light  gray,  yellow- weathering  limestone,  in  beds  of  from  1  to  3  inches  thick, 

interstratified  with  blackish-blue,  slightly  calcareous  slate,  both  contain- 
ing small  specks  of  silver-white  mica,  which  are  more  abundant  in  the 
limestone  than  in  the  slate.  The  limestones  hold  in  abundance  fragments 
of  trilobites,  chiefly  belonging  to  three  or  four  species.  Among  them  is 
Paradoxidea  (Olenellus)  vermontana,  a  new  species  of  Butbyurus,  and  the 
pygidium  of  a  species  so  closely  resembling  B,  cxtan8  of  the  Birdsoye  and 
Black  River  formation,  that  it  can  scarcely  be  distinguished  from  it  and 
may  possibly  be  the  same 80 

2.  Grayish  green,  micaceo -arenaceous  shale,  interstratified  with  a  few  beils  of 

grayish  quartzite  weathering  slightly  yellow 80 

3.  Strata  concealed 3U 

4.  Reddish  granular  quartzite  in  thick  beds,  with  numerous  parallel  joints  in 

two  directions,  dividing  the  beds  into  rhomboids 105 

5.  Gray  and  grayish  green,  micaceo- arenaceous  shale  in  beds  from  a  quarter  of 

an  inch  to  an  inch  thick,  interstratified  with  a  few  beds  of  gray,  very  fer- 
ruginous, sandy  dolomite,  and  fewer  of  gray  quartzite l'J7 

6.  Reddish  quartzite,  in  beds  of  from  1  to2  feet  thick 31 

7.  Gray  arenaceous  dolomite,  weathering  yellowish  brown,  interstratified  witli 

reddish  quartzite  in  beds  of  from  1  inch  to  1  foot  thick,  and  with  reddish 
and  grayish  micaceo-arenaceous  shale  predominating  t<^ward  the  top.  The 
beds  of  dolomito  and  shale  contain  fossils,  among  which  are  OholvUa  cliro- 
maticaff  OhoUis  lahradoricm^  Varadoxidm  vermontana,  ConccphalHeHy  a  new 
species  of  Bathyurus,  and  one  or  more  undetermined  species  of  Salterellu .        27 

483 
C. 

I.  Whitish  quartzite  in  beds  of  from  G  inches  to  2  feet,  interstratified  with 
light  gray,  micaceo-arenaceous  shale,  in  layers  of  from  6  inches  to  1  foot, 
which  occur  at  intervals  of  from  5  to  10  feet 150 


Op.  cit.,  pp.  865-867. 
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Feet. 

2.  White  and  roddisb  qaartzite.  in  beds  of  from  1  to  3  feet  thick,  Interstratified 

toward  ttie  bottom  with  a  gray  arenaceous  dolomite,  weathe^^)g  yellowish 
brown 100 

3.  White  and  reddish  quartzite,  in  beds  of  from  1  to  3  feet  thick,  interstratified 

with  greenish  micaoeo-arenaceoas  shale,  coustitnting  about  one-half  the 
amonnt 1)0 

4.  Gray,  pure  limestone,  in  beds  of  from  1  to  3  feet  thick,  marked  with  a  few 

reticulating  strings  of  yellowish- weathering  dolomite.  The  rock  is  a  mass 
of  comminuted  organic  remains,  among  which  are  Paradoxides  vcrnMntanOj 
and  undetermined  species  of  Bathynrus  and  Salterella,  as  before 20 

5.  Blackish  blue,  soft  shale,  interstratitied  with  gray  yellow-weathering  lime- 

stone, probably  magnesian,  in  beds  of  1  or  2  inches  thick.  The  quantities 
of  shale  and  limestone  are  about  equal,  and  the  whole  is  intersected  by 
reticulating  strings  of  calc-spar 30 

6.  Gray,  pure  limestone,  composed  of  comminuted  organic  remains,  belonging 

to  Paradoxides,  Bathyurus,  and  Salterella,  as  before 27 

7.  Bluish  black,  soft  shale,  interstratified  with  gray  yellow-weathering  dolo- 

mitic  bands,  as  before ._ : 60 

8.  Gray,  pure  limestone,  probably  composed  of  comminuted  organic  remains  as 

before;  underlaid  by  bluish  black  shale,  inclosing  nodules  of  blue  com- 
pact limestone,  some  of  which  weather  yellowish-brown,  and  are  prob- 
ably magnesian 13 

9.  Bluish  black,  sott  shale  of  the  same  character  as  before,  interstratified  with 

a  few  beds  of  quartzite 68 


603 


Total 1,711 

I  examined  the  species  of  Bathyurus  referred  to  in  No.  1  of  Division 
B,  and  also  some  other  fossils  labeled  as  coming  from  Bonne  Bay,  and 
there  can  be  no  doubt  that  some  mistake  was  made  in  labeling  the 
specimens,  for  they  certainly  belong  to  the  Trenton  fauna  and  could 
not  have  been  associated  with  the  Lower  Cambrian  fauna  of  the  sec- 
tion. All  the  Paradoxides  referred  to  belong  to  the  genus  Olenellusor 
Mesonacis  and  several  of  the  specimens  of  Bathyurus  to  the  genus 
Protypus.  If  the  section  was  correctly  measured  and  the  Cambrian 
fossils  occur  as  mentioned  all  the  strata  belong  to  the  Lower  Cambrian, 
and  the  fauna  is  a  [)art  of  the 'Georgian  fauna  of  the  Cambrian.  From 
the  accessible  data  I  am  not  able  to  discover  that  the  Upper  Cambrian 
or  Potsdam  fauna  has  been  found  on  the  northwest  coast  of  ^Newfound- 
land or  on  the  Labrador  shore. 


SOUTH WK8TKKN  NEWFOUNDLAND. 


On  the  "  Map  vshowing  the  distribution  of  the  Silurian  and  Carbon- 
iferous Formations  (etc.)  in  St.  George's  and  Port  au  Port  Bays,  New- 
foundland," by  Dr.  Alexander  Murray,  1873-'74,  a  considerable  area  is 
designated  as  Potsdam  that  is  continued  north  into  the  valley  of  the 
number.  The  reason  given  for  the  identification  of  the  Pot«dam  Ter- 
rane,  in  the  Reports  of  the  CJeological  Survey  of  Newfoundland  for 
187,^74,  '75,  is  thiit  the  strata  placed  within  it  are  subjacent  to  the  beds 
containing  fossils  of  the  Calciferous  formation  of  the  Lower  Silurian. 


w*i«FiT.1  SUHUAKT — ^NEWFOUNDLAND.  257 

ThiH  is  not  snffloisnt  in  the  absenoe  of  Upper  Oambrian  fossils  to  eetab- 
liuh  the  presenoe  of  the  Potsdam  horizon  on  the  soatbwesteru  side  of 
the  island.  It  is  quite  probable  that  strata  of  Cambrian  age  occur,  but 
as  yet  the  proof  of  their  presenoe  is  very  defective. 


The  section  at  Canada  Bay  is  as  follows,  according  to  Dr.  Alexander 
Murray :' 

Feat. 

A.  ClDuda  MonnUfD  blniab  grar  ■latot.  oonKlomerateti,  and  (liorite '2,500 

B.  Salt  Water  Pond  bluish  gtay,  block,  bine,  rediiiBh,  sad  white  limestonM, 

yellowish  gny  and  black  slatM,  sod  gray  and  white  saDdBtoDcs,  iu  some 
parts  holding  OlemeJIiu  wTBUmtainu,  Iiingiila,  Scolithus  and  fucoids, 3,000 

C.  Ltglit  and  duk  bias  limeatoueH  aod  bcown  slatra,  with  cherty  HmMloaa  at 

the  top 900 


The  strata  referred  to  the  Cambrian  system  in  soatheastern  New- 
foundland are  well  exi>OHed  on  the  peninsula  of  Avalon  and  westwartl 
along  the(H>a8t  to  thenorthemahoreof  Fortune  Bay,  and  northward,  on 
the  western  shores  of  Trinity  Bay.  Dr.  Mnrr&y  haa  given  a  general 
description  of  the  terrane  iu  the  reports  of  the.  Geological  Survey  of 
Illewfouudland  for  1868  and  1870 ;  and  a  fine  geological  map  of  the 
Peninsula  of  Avalon,  by  Dr.  Murray  and  Mr.  James  P.  Howley,  1881, 
shows  tbedistribuUon  of  the  Oambriaa  rocks.  The  correlated  section 
is  described  as  supetjaoent  to  pre-Cambrian  *'  Huronian  "  rocks  and  as 
having  a  thickness  of  nearly  6,000  feet,  of  which  138  tieet  are  lime- 
stone and  the  remaining  portion  argillaceous  and  arenaceous  deposits. 

The  section  iu  descending  order  is  as  follows : ' 

FMt. 

(«)  Itrown  and  black  micacHoaa  ahalea,  with  gray  micacooiiH  saDdstaiius  of  Bell 
IslBDd,  Conception  Bay.  Organic  coiitenta  are  :  two  HpeoicHof  Liugula, 
four  npeciLe»  of  Pal^i'ophyous,  Kopliyton  tiiiniiiinHiH  (Turrell),  aud  another 
Eophyton,  CrtisiatialeniipHcala  (Salter)  and  some  otheTS 476 

(r)  liMlandKraensandstonoB  andslatea.  witb  some  cutcareoun  beds  at  the  base. 

Kalimatod  thickness 1,4*! 

<i()  Kelly's  iBlaad  suudBtoneij  aud  slialea.      A  tew  fucoids  were  the  only  fosaila 

oliserred  in  this  division TiO 

(fi)  Black  slate  orebale.    At  Fortune  HarboTthisdivisiou  was  found  tuoontain 

I'aradoxides  belmtHii -- — 150 

(ii)  A  bed  of  dark   gray  limestone.     Fossils  ooDaist  of  broken  fragmentn  of 

trilobites  and  shells,  araont;  wbich  latter  a  Lint;<>la  was  observed S 

(n)  lied,  );reen,  and  black  slates,  orshatus,  wliich  nci:fu)ionally  piuw  Into  a  Uiiely 
laminated  argiliaceotis shale,  aa  at  To|)sail  Head.  The  fussiJa  ate  Para- 
dexiit*  bmneltii,  ConoctiihalUeii  grei/ariai,  and  probably  some  other  species 
notyet  reco<niJzed 1,045 

■  SH|npn«s  ud  dhlributloD  of  Uis  rocka  at  the  grnX  Norlhevn  Penlmal*.  Geal.  Kurvnv  New 
Oiun'iluid.  Beportol  pTOEKKt  forieni.    Knviiujd  iiliilrin.  Lunduu,  IH81,p.lS. 

'  Uurray,  Alaunder ;  Of  PrimordlU  SLluiUo  ud  Kitaiad  tumulluiu,  Bep.  Geol.  ^ur*.  Kuirfauud- 
Uad  for  18TD,  St  Joho'i.  1B7I,  pp.  3S-30.    Uwlugy  ol  fewfoundlsnd.lgSl,  LondDD,  pp.  23T-I3>. 

Boll.  81 17 
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(m)  Hard,  tliiok  beds  of  f^ay  and  sometimos  reddish  limestone.  Tiro  species 
of  Conoceplialites  have  been  recognized  by  Mr.  Billings,  and  a  small 
fragment  supposed  of  Paradoxides  from  a  loose  stone  at  Topsail  Head ; 

also  Salterella  and  Crania  IdlMradorioa.    Thickness  at  Topsail  Head 100 

(0  Red,  green,  and  blackish  argillaceous  slates.  A  few  remains  of  trilobites 
were  found  at  Kandom  Island,  one  of  which  resembles  Baihyuru$  grtg^ 

ritt*  (Billings) 250 

{k)  Conglomerate  of  MannoFs  Brook,  not  recognised  elsewhere  .... .... ...... .       50 

(J)  Red  and  green  argillaceous  shales  or  slates.    Thickness  at  Brigns  South 

Head 150 

(i)  Red  and  flesh-colored  limestones,  in  which  some  obscure  fossils  haye  been 

found,  and  an  Archffiooyathus  detected  by  Mr.  Billings 90 

{h)  Rcdslate 30 

(.7)  Thin  bed  of  impure  red  limestone •• —.....••••••••....       10 

(/)  Red  slate 40 

(e)  Reel,  green,  and  gray  sandstones,  with  occasional  beds  of  conglomerate.  The 

upper  beds  flaggy 750 

(d)  Green  and  reddish  brown  or  purple  slates,  with  smooth  and  regularly  par- 
allel cleavage,  independent  of  the  bedding,  splitting  into  slabs  under 
half  an  inch  thick.    This  is  the  position  of  the  workable  slates  of  Smith's 

Sound  and  Random  Island .•..••....  137 

(c)  Abe<lof  impure  flesh-colored  limestone 3 

(6)  Green  slate,  same  character  as  d 10 

150 

(a)  Hard,  dark  green-gray  sandstones  with  slaty  divisions,  the  sandstone  beds 

varying  in  thickness  from  4  inches  to  1  foot 000 

Total 5,9W 

On  papfe  160  of  the  reprint  of  the  report  of  the  Geological  Soirey  of 
Newfoundland  for  1868  ^  a  section  is  given  of  the  strata  of  Great  Bell 
Isle,  as  follows : 

ASCENDING. 

Pert. 

(1)  Black  or  dark  brown  shales,  with  thin  beds  of  sandstone  from  2  to  6  inches 
thick,  of  a  gray  color  on  fracture,  mica  being  thickly  disseminated  in  hoth 
kIuiIoh  and  sandutoues,  and  especially  at  the  division  of  the  harder  mem- 
bers   - 20 

('J)  Thiu  bands  of  sandstone  like  the  preceding,  weathering  a  rusty  brown  color, 

and  divided  by  layers  of  black  shale 6 

(;i)  A  hard,  utrong  bed  of  gray  sandstone,  with  conchoidal  fracture,  irregularly 

bedded,  average  thickness  about 4 

(4)  Alternations  of  black  shale  and  sandstone  towards  the  top  of  the  vertical 

cliff 60 

(f))  A  lieavy  moss  of  strata,  mostly  sandstone,  forms  the  crest  of  the  cliff 10 

(G)  Alternations  of  very  micaceous  gray  sandstone  and  shale,  the  former  mostly 
thin-bedded,  varying  from  1  to  6  or  8  inches,  with  Cruziana  in  great  profa- 
Mion  on  many  surfaces.  Nodular  concretions,  holding  Lingulae  among  the 
shales 100 

(7)  The  upx)er  strata  are  a  good  deal  concealed,  but  beds  of  sandstone  occasion- 

ally  crop  ont  on  the  bed  and  banks  of  a  small  brook  near  the  line  of  section, 
some  of  which  is  of  a  pale  yellowish  color,  in  some  cases  nearly  a  foot  thick, 
estimated l-^ 

'Murray,  Alox.:  Of  t\iQ  Acquonco  and  dittribatlon  of  the  formationn.    Report  npop  tbe  ^ioft^f^ 
surrey  of  Newfouudl^^tid  fo?  1W&.   ^V  3o\xtiX^S^>  ^&v^\M^«ditilQa,  188L 
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Feet 
(8)  The  upper  stratam  is  also  in  great  part  ooocea1e<l,  but  large,  augular-jointed 
fragmeuts  of  it  are  abundant  on  the  surface  all  along  the  summit  level, 
which  are  clearly  in  plaoe,  or  only  slightly  removed.  Some  of  these  beds 
appear  to  be  from  1  to  2  feet  thick,  are  rather  coarsely  gra  nular,  of  a  grayish 
or  greenish  color  on  fracture,  and  contain  crowds  of  organic  remains,  chiefly 
a  species  of  Lingula.    Estimated ', 80 

Total 476 

In  Ko.  2  of  this  sectiou  I  foand,  in  1888,  a  Bmall  species  of  Lingala  (T), 
abundaut  remains  of  Cruziaua,  and  an  entire  specimen  of  Olenus.  Nu- 
merous trails  of  annelids  occur  on  the  surfaces  of  the  sandstones,  from 
one  to  six,  inclusive. 

Mr.  E.  Billings  described  the  fossils  obtained  by  the  Newfoundland 
survey  from  Great  Bell  Island  and  named  Eophyton  jukesi^  Arthraria 
antiquata^  Lingula  murrayij  Lingulella  f  ajfinis,  L.  f  spissa,  and  Gruzi- 
ana  similis,^ 

In  the  upper  portion  of  No.  6  Lingula  murrayi  occurs  in  considerable 
abundance,  and  from  No.  8  a  large  number  of  specimens  of  Lingula 
spissa  were  collected ;  Eophyton  linnceanum  Torrell  and  Arthraria  an- 
tiquata  occur  in  Nos.  2  and  4. 

There  is  no  detailed  section  given  of  the  strata  of  Little  Bell  Island. 
The  section,  as  determined  by  the  writer  in  1888,  is  made  up  of  dark 
argillaceous  and  sandy  shale,  with  beds  of  gray  and  dark  sandstone, 
both  thin-bedded  and  in  massive  layers.  In  the  argillaceous  shales 
Lingula  hillingsiana  is  very  abundant  and  ranges  through  about  150  feet 
of  strata.  Toward  the  summit  of  the  sectiou  on  the  west  shore  of  the 
island  a  species  of  Hyolithes,  and  a  long,  slender  shell,  that  may  be 
provisionally  referred  to  Lingulella,  occurs  in  a  light  gray  sandstone. 
A  few  feet  below  this  horizon  a  new  species  of  Lingula  was  found  in  a 
micaceous  sandstone  associated  with  the  Lingula  f  occurring  below  in 
the  shales. 

All  the  strata  of  Little  Bell  Island  have  a  dip  of  about  7^  westward 
toward  Great  Bell  Island.  If  this  dip  be  retained  and  the  section  Ih^ 
unbroken,  the  higher  beds  would  pass  beueath  the  strata  on  Great  Bell 
Island,  at  a  depth  of  about  1,200  feet.  Dr.  Murray  in  the  generalizeil 
section  mentioned,  has  given  a  thickness  of  1,42G  feet  for  the  strata  of 
Little  Bell  Island  and  that  concealed  beneath  the  waters  of  Concep- 
tion Bay  before  reaching  Great  Boll  Island. 

A  detailed  section  of  the  strata  of  Kelly's  Island  of  what  appears  to 
be  the  same  series  as  on  Little  Bell  Island  is  published  by  Dr.  Murray .=* 
A  small  Lingula  (X.  hillingsania)  was  found  midway  of  the  713  feet  of 
strata.  I  found  the  same  species  to  be  very  abundant  in  the  shales  of 
the  lower  portion  of  the  Little  Bell  Island  section. 

■  On  Rome  fossils  from  the  Piimorclial  rocks  of  Newfoun<lland.  ('auailiaD  Naturalist,  new  ser.,  vol. 
6,  1872,  pp.  465-479. 

'  Of  the  HtMiuenoe  and  distribation  of  the  formations.  Report  upon  the  f;eulugicAl  survey  of  New* 
foundlaad  for  186&  St.  John's,  1863 ;  revised  e«lition.  1881,  pp.  137-159, 
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The  section  on  the  mainland  beneath  Topsail  Head,  (Conception  Bay, 
was  foand  to  be  as  described  by  Dr.  Mnrray.^  The  limestone  at  the  base 
is  separated  from  the  ^^Huronian"  rocks  by  a  fanlt  line.  Over  the  lime- 
stone 100  feet  or  more  of  greenish  shale  completes  the  section.  In  the 
limestones  were  fonnd  :^ 

Obolella  atlantioa.  Miorodiscns  speciosos. 

Kutorgina  labradorioa.  Miorodisoas,  sp.  undet. 

Scenella  reticnlata.  Olenellos  (H.  )broggeri. 

Hyolithellus  micans.  AvaloDia  maDaelensis. 

H.  micans  yar.  mgosa*  8olenoplenra  bombifroos. 

Hyolithes  princeps.  AgraiiloB  (8.)  atiennna. 

iinpar.  Agraulos  (8.)  sp.  f 

In  the  superjacent  green  shales  a  few  fragments  of  a  trilobite  were 
observed  that  indicated  by  a  portion  of  the  glabella  and  eye-lobe  a 
large  species  of  Paradoxides.  The  evidence  here  obtained  of  the  rela- 
tion of  the  Oienellus  and  Paradoxides  faunas  being  somewhat  incon- 
clusive, the  section  at  Brigus  Head,  on  the  west  side  of  Conception  Bay, 
was  next  examinexl  and  found  to  be  essentially  the  same  as  that  at  Top- 
sail Head,  with  the  addition  of  a  greater  thickness  of  green  and  red 
shales  above  the  limestone,  and  a  sandy  deposit  beneath  the  liinestODc 
which  rested  unconformably  against  the '^Huronian.''  The  limestone 
series  is  divided  into  three  bands.  In  the  lowest,  a  specimen  of  Eyoli- 
then  impar  was  found,  similar  to  that  in  the  limestone  at  Topsail  Head; 
associated  with  fragments  of  Olenelluft  (JJ.)  broggeriy  Microdi^cus  Helena 
and  Ptychoparia  f  sp.  (f).  In  the  second  bed  of  limestone,  fragments  of 
trilobites  were  seen  ;  and  in  the  upper  bed  Oienellus  (H.)  hroggeri  aud 
Agraulos  strenuus  were  observed,  the  latter  in  great  abundance.  No 
fossils  were  discovered  in  the  superjacent  slates. 

The  stratigraphic  succession  on  Manuel's  Brook,  as  measured  by  me  * 
in  August,  1888,  is  as  follows  :^ 

Manuel's  brook  skctiox. 

Feet. 

(1)  Coarso  conglomerate,  in  massive  layers.    The  material  uext  to  the  gnei(>8 

varies  in  size  from  bowlders  of  <]uartz  and  gneiss  0  feet  in  diameter 
down  to  small  pebbles,  and  in  the  upper  beds  from  pebbles  to  fine  sand.  35 

Strike  N.  Si)  '  E.  (Magnetic)  ;  dip  1*^^  to  13-  N. 

(2)  Irregular  beds  of  calcareous  sandstone,  siliceous  limestone,  and  greenish- 

colored  argillaceous  shale,  covering  the  irregular  upper  surface  of  the 

coiiglomerate 0  to  25 

Fossils :  OhoUUa  atlantica,  HyoUtlidhis  micans,  Ifelenia  bellOf  Hyo- 
litheH  priucvps,  II,  iinpar,  H.  quadricontatuSf  If,  similis,  fl.  terranoricuSy 
JSanvllii  ri'ticHhita,  iSh'notheca  rugotia,ynriet\eHacuta'C08tay€recta,  /(n^'aand 
pauper,  riati/ceraa  pnmavum,  M'wrodincn8  heleno,  M.  spcciosuft,  OUncllns 
(//.)  hrbipjvri,  Avahnia  inanuehntiig,  AgrauloH  (S.)  atrenuus  Vkud  var.  no- 
xutiis,  Solenopleura  bombifrons,  S,  harveyi  and  S.  howleyi. 


'  Op.  dt.,  p.  154. 

^  Waloott,  C.  1):  Stratiprapljic  poAition  of  the  Olnucllua  fauna  in  North  America  and  Europe.    Am. 
.ioui.  Sci  ,  34l  aer.,  vol.37,  leBU,  p.  378. 
^  Op.  cit,  pp.  m,  381. 
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(3)  Gneniah  HgillMeons  abale,  oonfonnablr  ml^MWDt  to  S 40 

(4)  Beilduh-coloredarKillftCMiuabale * 

(0)  Caleareoiu  landstone,  with  pinldahlimeitonsln  trregoUtrintwen .-..,—  3 
(fi)  Qnen  arglltaceoua  Hhale  with  thin  Uyanof  hard.dKrfciterragiDonseBucl- 
atoiie,  iatubedded  at  MvenI  hoiicou S70 

Strike  N.  8(P  E. ;  dip  12°  N. 

JoBBila :  If  ear  the  base  the  head  of  ui  Olenellna  was  found ;  also  frag- 
ments of  an  AgraaloHor  Ptychoparla.  At  318  feet  froai  th«  basa  a 
layer  of  pInlilHb  limestone  ooatained  the  head  of  an  AgranliiB,  like  A. 
itrmuiu,  aod  many  fragments  of  trilobitei.  Flfty-lwo  foot  higher  op 
qnlte  an  abundant  fanna  was  found,  and  the  foUowiog  epeoiea  were . 
collected:  LinguUlla  ap.  a.,  AcrolktUwaMeiH,  Afnottma ap.  a,,  Agnotlua 
Hp.  d.,  Paradnxi^ei  hieiti,  ConooorgpKa  matlkan,  and  Lioilracug  ep,  a, 
(T)  Darli  ariji II acinous  Hboles  with  thin  layers  of  limestone  and  sandslone  at 

varioiiB  horiiionH 29C 

Foasilij :  Zone  A :  From  10  to  30  feet  from  the  baae  the  following  spe- 
oics  were  colleotod :  Ling*Mla  ap.  a,  LinaarMtonla  tnitera,  Aerothelt 
MoMcwi,  Hsalitliei  »p-a,  Ag»o»tti»3  ap.  a,  b,  e]  Mierodimut  punelatm, 
Paradorida McM,  CoBoeorsphtiC.)  nutltXewi,  C.eUgam,Agraut<iuiocialU, 
and  Lioitractu  Itner. 

Zone  B :  Forty-five  feet  higher  the  fanna  ia  mnch  Urjcer  and  inoladea : 
LinnanioTiia  mUtra,  Lingalella  sp.  a,  OrtliU  up.  I,  Stenotheea  ap.  '.  Agnon- 
iu» punctuoiuK,  Agnotitu  Sup.  b, «,/,  g,  k,  Microdtnnu punclatui,  Paradox- 
ide4 datiilif,  F.kiekii.  Paradoxidet,  gp.,  Anopoleniuvmiuiltiii,  Conocorypke 
tlegant,  Ctmocephaitu  maltkmei,  Eritrnfn  pffuvtotii,  Ptgchoparia  robbi,  P. 
tariolarit,  Boloctphatiua  iitjlata  and  Afraaloi  loeialii. 

From  235  to  '250  feet  from  the  base  a  belt  ooonra  in  which  a  miall 
speeieaof  Aristoioa  occurs  in  large  numbers,  aasociaterl  with  LingiikHa 
ap.a,  Agnoitiu  ap.  I,  anil  the  heads  of  a  aiiiall  Ptgehoparia  t  ap.  uudet. 

(5)  Alternating  haDds  of  dark  Hhnle  and  dark,  compact  aaudHtono  that  citirf 

aemallapecleeof  Orthis  in  large  numbers 400 

The  section  is  here  cut  off  b;  tbe  shore  of  Conception  Bay, 

The  f^una  of  No.  2  is  essentially  the  same  as  titat  of  the  limestones 
of  the  Topsail  Head  and  Bri^s  sections,  and  proved  conelnKirely  that 
the  Otenellns  faiiiia  in  sabjaceut  to  tlie  Paradoxides  fauna. 

Beneath  tbe  conglomerate  beds  of  Munuel's  Brook  and  between  them 
and  the  subjacent  Arcliean  gnuius,  there  is,  according  to  Messrs.  Mur- 
ray and  Ilowley,  a  series  of  red  aikI  green  saudstones,  conglomerates 
and  massive  sandstone  stritta,  which,  according  to  their  tabulated  sec- 
tion, have  a  thickness  of  1,800  feet.  They  are  expoue'H  ou  the  north 
side  of  Trinity  Bay  and  partially  ouSt.  Mary's  Bay.  I  think  we  should 
bave  more  data  before  deciding;  that  this  series  of  1,800  feet  is  rcally 
subjacent  to  the  Manuel's  Brook  conglomerate;  although  it  is  extremely 
probable  that  such  is  the  case,  judging  from  the  character  of  the  Trin- 
ily  Bay  and  Oonceptioii  Bay  sections. 

On  tbe  islands  in  the  bay  the  Upper  Cambrian  horizon  is  well  devel- 
oped. In  the  lower  nrenaceous  shales  at  Lance  Cove,  on  Grent  Bell  Isl- 
and, were  found  Eopkytwi,  sp.  f,  Vruziana  »tmiplieata,  Arthraria  anti- 
quota,  Otenus  sp.  nndct.,  and  at  a  higlier  horizon,  near  the  center  of  the 
island,  LingulepiB  affinin  and  Liitgula  f  mitrrayi,  with  fcaguv«,u^  q^v^tci.- 
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ziana.  In  the  sandstone  at  the  summit  of  Little  Bell  Island,  20  feet 
above  a  baud  of  sandstone  carrying  Lingula  t  billingsiana  and  an  elon- 
gate, narrow  species  of  Lingulella,  a  long  slender  Hyolithes  t  and  a  broad 
species  of  Hyolithes  occur.  In  the  dark  argillaceous  shales  beneath 
L.  f  bilUngsicma  occurs  in  great  numbers. 

The  conglomerate  (No.  1  of  the  section)  was  traced,  just  north  of  the 
outcrop  of  the  gneiss,  a  mile  to  the  west  of  Manuel's  Brook,  and  the 
shales  and  limestone  of  No.  2  were  seen  in  a  number  of  sections,  rest- 
ing directly  upon  it.  On  the  brook  the  stratigraphic  succession  is  un- 
broken up  to  the  summit  of  No.  8,  and  the  strata  are  conformable  and 
undisturbed  with  the  exception  of  the  dip  of  12°  to  the  north. 

The  Manuel's  Brook  section  is  the  only  one  known  to  me  on  the 
North  American  continent  where  the  typical  Olenellus  and  Paradoxides 
faunas  occur  in  an  unbroken  stratigraphic  section.  The  Olenellus 
fauna  is  well  developed  and  typical,  and  the  same  is  true  of  the  Para- 
doxides  fauna. 

As  shown  on  the  Avalon  Peninsula  the  early  Cambrian  Sea  transgressed 
across  all  the  pre-Cambrian  rocks,  including  the  Aspidella slates  and  Sig- 
nal  Hill  sandstone  and  the  great  series  of  altered  slates  and  sandstones 
and,  subjacent  to  them,  the  Laurentian  gneisses.  This  unconformity  is 
of  a  similar  type  to  that  between  the  Algonkian  formations  of  the  Lake 
Superior  and  Adirondack  regions  and  the  Upper  Cambrian  sandstone. 
In  each,  three  groups  of  rocks  have  been  deposited  and  subsequently 
elevated  by  an  orographic  movement  and  eroiled  before  the  deposition 
of  the  Cambrian  sediments.  The  relations  of  the  Cambrian  and  pre- 
Cambrian  rocks  are  all  well  shown  upon  the  geological  map  of  the 
l)eninanla  of  Avalon,  NewfouiKJland,  1881,  prepared  by  Mr.  James  P. 
Uowley. 

NOVA  SCOTIA. 

It  is  very  probable  that  the  Cambrian  group  is  represented  in  the 
gold-bearing  slates  of  the  Nova  Scotia  section,  but  as  yet  the  only 
means  of  correlation  is  the  supposed  stratigraphic  position.  The  prin- 
cipal details  and  arguments  for  including  this  series  in  the  Cambrian 
have  already  been  given  under  the  historical  review.  (Ante,  [>p.  56-59.) 
It  may  be  that  they  represent  in  large  part  a  pre  Cambrian,  Algonkian 
group  equivalent  to  the  St.  John  slates  of  Newfoundland. 

NEW   IJIIUNSWICK    AND   CAPE   UHETON. 

Our  present  knowledge  of  the  Cambrian  geology  of  the  area  under 
consideration  is  obtained  from  the  reports  of  the  Geological  Survey  of 
Canada,  and  the  numerous  papers  on  the  geology  and  paleontology  of 
southern  New  Brunswick  by  Mr.  C  F.  Matthew. 

In  the  report  of  the  Geological  Survey  of  Canada  forl870-'71,  a  de- 
tailed description  is  given  of  the  geographic  distribution  of  the  St. 
John  group  (i)p.  134-14:5);  and  other  details  are  added  in  the  report 
for  1878-'79  (pp.  GD-8D).    From  these  reports  and  the  map  accompany* 
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iug  the  latter,  Mr.  O.  F.  Matthew  has  compiled  a  summary  of  the  infor- 
mation relating  to  the  St.  John  terrane.    He  says:* 

The  strata  of  the  St.  John  groap  fill  a  nnmber  of  narrow^  troagh-like  baaiiis,  lying 
between  the  Bay  of  Fondy  and  the  central  oarboniferone  area  of  New  Brunswick. 
Of  these  basins,  that  on  whioh  the  city  of  St.  John  is  situated  is  the  most  important, 
and  it  is  here  also  that  the  life  of  the  period  can  be  studied  to  the  best  advantage. 
The  St.  John  basin  lies  diagonally  across  the  ridges  of  Huronian  rock  that  are  fonnd 
in  the  eastern  part  of  St.  John  County  and  touches  the  ridge  of  Lauren  tian  rocks 
that  divides  this  county  from  King's.  As  might  naturally  be  expected,  the  coarser 
seilinients  fonnd  at  the  base  of  the  St.  John  group  are  largely  derived  from  those 
older  rocks,  chiefly  the  Huronian ;  and  the  line  of  division  between  it  (the  St.  John 
gronp)  and  the  Huronian  formation  is  marked  by  conglomerates  of  mechanical  origin 
which  show  no  trace  of  the  hardening  process  by  which  the  Huronian  conglomerates 
and  breccias  have  been  so  firmly  cemented. 

The  Conglomerates  of  the  St.  John  gronp  are  most  fully  developed  in  the  eastern 
part  of  the  St.  John  Basin,  under  the  lee  of  the  high  ranges  of  Huronian  hills  which 
exist  in  that  direction.  In  Portland  and  the  city  of  S^,  John»  at  the  western  end  of 
the  basin,  the  following  section  represents  the  succession  of  members  in  this  group 
in  ascending  order : 

Feet 
Division  0: 

(a)  Red  Conglomerate — wanting  at  that  part  of  the  basin  where  this  sec- 
tion was  made 

(h)  Red  and  green  sandy  slates 150 

Division  1 : 

(a)  Coarse  gray  sandstone  or  qnartzite 50 

(b)  Coarse  gray  sandy  slate  (Lingnloid  shells) ."SO 

(o)  Fine  gray  and  dark  gray  slaty  shales  (Triiobites,  etc. ) 35 

((2)  Fine  black  carbonaceous  slaty  shales  (Trilobites,  etc. ) 75 

Division  2 : 

(a)  Dark  gray  slates  with  thin  seams  of  gray  sandstone 220 

(b)  Coarse  gray  slates  and  gray  flagstones 200 

(o)  Gray  sandstones  and  coarse  slates  (Lingnloid  shells) 130 

Division  3: 

(a)  Dark  gray  finely  laminated  slates 450 

{h)  Black  carbonaceous  and  dark  gray  slates,  less  fissile  than  the  last 300 

Division  4 : 

Slates  and  flags,  resembling  2a  and  2h  (Lingnloid  shells) 800 

Division  5 : 

Black  carbonaceous  slate  like,  Zb  (Orthids,  Trilobites,  etc. ) 450 


2.900 


Beyond  Division  5  the  beds  are  supposed  to  be  repeated  by  an  overturn,  and  have  a 
width  across  nearly  vertical  measures  of  3,000  feet.  Owing  to  this  folding  of  the 
measures  there  is  some  uncertainty  as  to  where  the  summit  of  the  formation  is,  and 
the  section  given  may  not  include  the  whole  series  of  deposits.  The  fannsD  of  Divi- 
sions 2  and  5  are  very  imperfectly  known,  but  there  are  Diiich  larger  species  of  Lingn- 
loid shells  in  these  divisions  than  in  Division  1,  and  the  orthids  of  Division  5  are 
different  from  Orihis  hillingai  of  Division  1. 

The  Conglomerate  at  the  base  of  the  St.  John  gronp  marks  the  time  when  the  sea  of 
the  Acadian  epoch  invaded  the  valleys  of  the  Huronian  formation  near  St.  John.  No 
trace  of  life  has  yet  been  found  in  these  coarse  sediments,  nor  in  the  red  and  green 


1  IUu!)trationn  of  the  fanna  of  the  St.  John  fn^ap.    Royal  Soo.  Canada,  Proo.  and  Trans.,  vol.  1,  Mo- 
tion A.  1883,  pp.  87-108.    Supplementary  section,  pp.  271-270. 
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slates  into  which  they  pass.  After  the  colored  mod  of  which  these  slates  are  eom- 
posed  was  deposited,  an  abrupt  change  took  place  in  the  character  of  the  deposit,  and 
white  sands  were  evenly  spread  over  the  whole  basin.  It  is  in  the  upper  part  of  these 
sands  that  one  meets  with  the  earliest  traces  of  primordial  lifo.  These  first  forms  are 
lingnloid  sheUs  of  several  geiiera.  Such  shells  become  more  abundant  in  the  upper 
part  of  the  white  and  gray  sandy  beds,  and  were  evidently  littoral  species,  as  on 
tracing  the  sandstones  westward  for  half  a  mile  they  are  found  to  change  into  a  gnj 
slaty  and  pebbly  deposit — evidently  an  old  beach  line — and  finally  disappear. 

Probably  the  physical  condition  of  the  St.  John  Basin  at  this  early  period  was  un- 
favorable to  the  growth  of  the  trilobites ;  but  the  land  was  sinking,  and  an  additfonsl 
depth  of  water  in  this  sheltered  area  soon  encouraged  the  growth  and  mnlti plication 
of  the  crustacean  fauna.  As  the  sediment  which  settled  from  the  sea  water  in  thii 
deepening  bay  became  finer,  the  remains  of  marine  animals  were  preserved  in  greater 
numbers  and  variety,  so  that  in  the  layers  of  fine  slate  in  Group  o  of  Division  1,  many 
genera  chacteristic  of  the  early  Cambrian  age  are  found. 

In  Group  d  the  slaty  mass  becomes  (|uite  fine  and  dark  colored,  bnt  near  St.  John 
is  much  atl*ecte<l  by  slaty  cleavage,  and  the  fossils  are  so  much  distorted,  especially 
in  the  upper  part,  as  to  be  unrecognizable. 

In  the  beds  of  Division  2,  a  return  of  littoral  conditions,  and  the  influx  of  ssnd, 
interfered  with  the  prosperity  of  the  crustacean  fauna,  and  as  in  the  lower  sand  beda 
of  Division  1,  lingulold  shells  become  the  prevailing  fossils.  The  Paradoxides  which  I 
will  describe  in  this  article  are  those  of  the  intermediate  mud  beds,  now  converted 
into  a  mass  of  slaty  rock  (Division  1,  o).* 

Ou  the  evideiico  of  the  contained  faaua,  Mr.  Matthew  correlated  the 
fauna  of  the  Paradoxides  zone  of  the  St.  John  groap  with  that  of  the 
JSolva  group  of  Wales,  as  defined  by  Dr.  Uicks.* 

In  addition  to  the  section  as  found  at  St  John  there  is  to  be  added  a 
series  described  by  Mr.  Matthew,  occurring  below  Division  1,  on  Hanfoni 
Brook,  in  the  ejistern  part  of  St.  John  County.  In  the  report  upon 
tlie  g<*oIogy  of  southern  New  Brunswick,  by  L.  W.  Bailey,  in  1865,  this 
mass  ot  sediments  was  spoken  of  as  the  upper  member  of  the  Cold  brook 
group  and  distinct  from  the  St.  John  group ;  it  was  subsequently  joined 
to  the  St.  John  group  by  Messrs.  Bailey  aud  Matthew  in  a  report  of 
progress  of  the  geological  survey  of  Canada,  1870-'71,  p.  r>U,  because  the 
want  of  conformity  existing  between  the  two  formations  could  not  then 
be  established ;  but  it  is  now  foun<l  that  this  series  is  unconformable 
not  only  to  the  St.  John  group,  but  also,  as  had  been  previously  dis- 
covered, to  the  underlying  Coldbrook  group.^  The  section  is  as  fol- 
lows :* 

ThickneM 
infiMft 

1  (rt)  Coarse  purplish  red  Conglomerate,  resting  ou  an  amygdaloidal  greenstone 

(toadstoiic)  of  tho  CoM brook  group 60 

(6)  (irav   and   purplish   tlags   and   sandstones   with    worm-casts,  .seaweeds 

(Pala'ochorda  and  Huthotrephis),  .'ind  nnmeroiis  spicules  of  sponges.. .       "0 

(c)  Turplish  red  sandstone^*,  with  greenish  layers.  Remains  of  seaweeds 
(IMiyeoidella),  animal  tracks  (Psammuichnites  and  Helminthitea), 
worm-burrows  ( Arenicolites)  etc. 240 


U)p.oit.,pp.  ti7-80. 

*  The  ^<  olo^ic  a^e  of  the  Acaihnn  faanu.    The  Priniitivo  Conucorypheftn.    British  Amoo.  Rep.,54ih 
nieoling,  ISM,  pp.  742-744. 
' Ou  a  basal  suric^A  of  Cambi  iau  roo.kH  in  Acadia.    (3aiia<lian  liccord  Science,  vol.  3, 18«8,  p.  22. 
*0u  Cambrian  OrgaoiHUiB  in  Acadia.    Royal  Sue.  Canada,  Traiia.,  vol.  7,  Proc,  sec.  4, 1890,  p.  13S. 
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Thlckneiis 
in  feet. 

2  (a)  Pnrpliah  red  Conglomerate,  more  fkiable  than  1  a 35 

(()  Soft  purplish  red  shales,  with  green  glaaconite  grains,  the  npper  port 

firmer  and  more  sandy,  greenish  gray  layers  interspersed  e8i>ecially 

towards  the  base.    Platysoleni tes,  Obolos,  Yolbortbelia,  etc 175 

(o)  Purplish  sandy  shale^^  with  a  few  bands  of  greenish  shale.    Worm-oasts 

(Scolites) 300 

Measures  concealed,  probably  of  this  series 320 

1,200 

In  this  series  of  1,000  or  more  feet  of  beds,  the  very  oldest  layers  which  are  fine 
enough  to  preserve  organic  markings,  have  trails  and  casts  of  marine  worms,  and 
also  contain  seaweeds,  one  a  Palaiochorda  or  allied  gcTiiis,  the  other  a  weed  with  a 
flat  frond  similar  to  Biithotrephis.  That  these  beds  are  marine  is  clearly  shown  by 
the  great  nnmbers  of  spicules  of  hexactinellid  sponges  which  they  contain. 

Abont  350  feet  above  the  base,  where  the  measnres  are  flaggy,  tracks  of  annelids 
are  again  abundant.  Besides  the  smaller  trails  and  burrows,  there  are  frequent 
tracks  of  a  marine  animal,  possibly  a  worm,  similar  to  the  murkincrs  on  the  Fncoidal 
sandstone  of  Sweden,  which,  by  Prof.  O.  Torrell,  have  been  refcrri'd  to  the  geuus 
Psamiiiichnites.  A  very  similar  track,  with  corresponding  casts,  occurs  on  the  sur- 
faces of  the  purple  streaked  sandstones  (Assise  3)  of  Band  h  in  Division  1,  of  the  St. 
John  group,  and  a  similar  trail  occurs  as  high  up  as  the  lower  band  of  Division  2  of 
that  group.  Above  this  point,  such  markings  have  not  been  found,  though  the  kind 
of  rock — Hags  and  slates — is  favorable  to  their  occurrence.  The  flags  of  the  middle  of 
Division  2,  of  the  St.  John  group,  seem  to  bo  the  horizon  of  Cruziana  ^emiplioata 
(Salter)  and  C.  similis  (Billings) ;  but  I  have  not  found  them  here. 

About  100  feet  or  more  above  the  horizon  where  Psammichuites  appears,  separated 
from  it  by  a  Conglomerate,  indications  of  the  Olenellus  fauna  show  themselves. 
These  consist  of  Voll>orthella  (a  chamliered  coll  resembling  an  Orthocoras),  the  cysti- 
dean  genus  Platysoleni  tes,  Pander,  and  a  large  Obolns,  allied  to  Michwitzia  (formerly 
Obolust  or  Lingulat)  monilifera,  Linrs.,  of  the  Pjopliyton  sandstone  of  Sweden  and 
the  upper  part  of  the  **  Blue  Clay  "  of  Russia.  Some  of  the  layers  in  this  part  of  the 
series  abound  in  soft  green  grains  similar  to  tho  glanconite  grains  of  the  Cambrian 
rocks  in  Russia.    The  paste  enveloping  them  is  red. 

A  number  of  beds  between  this  point  and  the  top  of  the  Basal  series  contain  worm- 
casts  and  burrows,  and  some  have  remains  of  small  strap-like  seaweeds. 

In  suinniing  up  the  facts  bearing  on  the  comparative  age  of  this  part 
of  the  Cambrian  rocks  in  Acadia  we  get  no  aid  from  the  typical  genera 
of  this  horizon,  Olenellus  and  Mesonacis,  but  the  Acadian  rocks  con- 
t^wn  other  genera  of  tliis  fauna  which  serve  to  fix  their  age  with  a  cer- 
tain degree  of  accuracy.  Some  of  these  genera,  however,  are  such  as 
may  have  a  wider  rsinge  of  existence  in  time  than  the  trilobites,  and 
therefore  are  not  of  the  same  homot^xxial  value.  The  trilobites  that  do 
occur  are  not  so  definitive  as  some  others.^ 

In  his  latest  table  of  classification  Mr.  Matthew  arranges  the  Cam- 
brian System  as  it  occurs  in  Acadia  as  follows  :^ 

Localities. 

D. — Upper  Cambrian  (Potsdam  series) Unknown. 

C. — Middle  and  Lower  Cambrian,  Acadian  series St.  John,  etc. 

B. — Lower  Cambrian,  Georgian  series C.  IJr<;ton. 

A. — Basal  Cambrian,  Etcheminian  series St.  John,  etc. 

>Op.  cit.,p.  143. 

*On  the  claaeiflcAtion  of  the  Cambrian  rocks  in  Acadia.    No.  2.    Canadian  Keitord  of  Scieiice^^<^V.'V 
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In  describing  in  1888  (at  tbat  time  called  series  B)  the  Paradoxides 
zone,  or  C  of  the  preceding  tabulation,  the  term  <<  stage"  replaces  the 
word  ^'  division  "  as  heretofore  used  by  Mr.  Matthew,  and  the  divisious 
of  the  scries  are  given  ba  follows  :^ 

Stage  1.— This  iuclndes  the  lower  part  of  the  Miies  ae  high  np  ab  Parftdoxidet  aie 
fonnd.    The  divisions  of  this  stage  are  as  foUows : — 
Band  (asHiHe)  a.    Hard  gray  sandstone  or  quartsite.    Foasila,  none  known, 
jiand  (or  assiso)  h.  Dark-gray  sandstones  and  gray  sandy  shales.  Fossils: 

£l]i{>8ocephalas,  Agraulos,  Hipponichariony  Beyrichona,  etc. 
Band  (or  assise)  o.    Gray  shales.    Fossils:  Paradoxides,  Conoeozyphe, Li- 

ostracns,  Micro<liscn8,  Agpnostus,  etc. 
Baud  (or  assise)  d.    Dark  gray  shales.    Fossils :  Paradoxides,  Ptychoparia, 
8olenop1eura,  Microdisons,  Agnostas,  etc.,  of  different  apeoies  tcom  those 
in  assise  o. 
Stage  2.— This  consints  of  gray  flags  and  sandy  shales.    The  anbdiviaions  have  not 
been  w(>rke<l  out,  but  the  stage  corresponds  to  the  lower  half  of  the  Oleniui 
zone  in  Europe.    No  species  of  the  genns  Olenns  have  been  foand  in  it 
Stage  3. — Dark-gray  and  black  shales.    Fossils :  Ctenopyge,  Kutorgina,  Orthis,  etc. 
This  corresponds  to  the  upper  half  of  the  Oleni^s  zone  of  Fnrope.    The 
shales  in  Cape  Breton,  which  contain  Peltara  and  Sphieropthalmas,  be- 
long here.    There  are  in  the  St.  John  Basin  gray  flags,  which  overlie  the 
Ctenopyge  beds,  bnt  no  higher  stage  than  the  Olenua  aone  has  been  estol)- 
lished  by  fossils.^ 

In  a  series  of  sections  of  Cambrian  rocks  in  Acadia,'  the  upper  0am- 
brian  or  Olenus  beds  are  shown  to  be  present  in  St.  John  County  in  the 
Portland  section. 

Just  as  this  report  is  going  to  press  (May  1, 1891)  I  received  the  fifth 
contribution  of  Mr.  O.  F.  Matthew  upon  the  fauna  of  the  St.  John 
Gronj).  In  tlie  introduction  he  gives  a  description  of  the  structareof 
the  8t.  John  buHin  and  sections  of  the  measures  at  St.John.  He  fiuds 
that  all  three  of  his  divisions  of  the  Cambrian  are  present.  Division  I 
be  names  Acadian,  Division  2  Johanuian,  and  Division  3  Bretonian.* 

Thv.  Cambrian  rocks  of  Cape  Breton  Island  are  described  with  many 
details  by  Mr.  Ilngh  Fletcher  in  1877  and  1878,  but  the  various  outcrops 
do  not  a[)i)ear  to  have  been  well  correlate<l.  The  section  in  McLean 
Brook,  on  Little  Bras  d'Or  Lake,  is  as  follows:" 

Feet 

(1)  Carhoniferous  conglomerate  and  related  rocks 

(*J)  FehlMpatliic  BundNtono  and  impure  limestone,  of  white,  green,  amber,  red, 
aii<l  otbur  coIoih,  mixed,  and  in  distinct  beds  of  difl'erent  thickness ;  some- 
times associated  with  greenish,  soft,  soapy  rocks,  probably  decomposed  fel- 
sites;  lilmsof  hematite  in  the  joints - 254 


■  Oil  the  clAAeification  of  the  Cambrian  rocks  of  Acadia.    Canadian  Sec.  Sci.,  toL  S.  1888,  p.  73. 

''  Mr.  Matthew  writes  me  under  dat«  of  October  26, 1890,  that  he  has  fonnd  the  Arenig  ^n^ptolitic 
fnanu  in  the  St.  John  series,  thaa  establishing  the  presence  of  the  Lower  Silnrian  (Orduvician)  faona 
ai>ove  the  Oleniis  cone. 

3  Mattliuw.  G.  F.  On  the  clAssiilcation  of  the  Cambrian  rocks  in  Acadia.  No.  2.  Canadian  Rec.  Sci., 
vol. :{,  18^0,  p.308. 

*  lUuHtrntions  of  the  fanna  of  the  St  John  Gronp,  No.  6.  Boyal  Soc.  of  Canada,  Trans.,  vol.  8. 1881, 
p.  129. 

*  Report  on  the  Keolo£y  of  part  of  the  counties  of  Victoria,  Cape  Breton,  and  Bichmond,  NovaSco> 
Gool.  Sur.  Canad.  Kept  Prog,  for  187G-77.    Montreal,  1878,  p.  48L 
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Feet 

(3)  Blaokiah  snd  gray  slate,  fine  sandstone,  and  aigillaeeoiis  limestone ;  also, 

compact,  feldspathic  rook,  mixed  with  limestone  of  dififerent  colors.  Not 
well  seen 84 

(4)  Dark  and  pale  gray  slates,  with  thin  layers  of  qnartz,  spotted  with  iron 

pyrites  and  mined  for  gold , 66 

(5)  Greenish  gray,  fine-grained,  pyritons  rook,  resembling  sandstone  and  yield- 

ing easily  to  the  knife 19 

(6)  Black  and  gray  argillite,  fhll  of  small  twisted  layers  of  quartz,  which  are 

sometimes  so  numerous  as  to  constitute  an  impure  quartzite,  spotted  with 
pyrites.  Associated  with  and  overlie  dark-blue,  plumbaginous  argillite, 
also  full  of  pyritons  quartz  layers 65 

(7)  Bluish-gray,  pearly,  papery  slates,  cleft  in  every  direction  and  traversed  in 

the  bedding  and  across  it  by  streaks  of  calcspar  and  ciuartz 30 

(8)  Bluish  felsite,  crystalline  limestone  and  qnartSy  confusedly  mixed  in  con- 

torted beds .., 37 

(9)  Bluish-gray  coherent  argillite ..^ 60 

(10)  Greenish,  decomposed,  feldspathic  rook,  of  uncertain  thickness 110 

(11)  Btd  ffftmiU  in  steeply  rising  hills. —.••  .«•••• 

725 

The  Oambrian  rooks  oooor  as  lon^  narrow  areas  resting  on  the  subja- 
cent Laorentian  rocks,  as  shown  on  the  map  accompanying  Mr.  Fletcher's 
report  of  1876-'77 ;  and  on  the  map  accompanying  the  report  for  1875-'7G. 
In  the  text  of  the  latter  report  the  rocks  are  described  as  they  occur  on 
St.  Andrew's  Channel,  and  the  geographic  distribution  is  given  on  the 
map.  From  a  small  outcrop  on  the  Mira  Bivcr  a  collebtion  of  .trilo- 
bites  was  obtained  that  indicate  the  upper  Cambrian  fauna.  They  in- 
clude, as  identified  by  Mr.  Matthew,  Peltvra  scarabeoides^  Sphctrophtkal- 
mus  alatuSj  and  AgnostuspUiformis.^  It  is  not  certain  that  all  the  rocks 
referred  to  the  Lower  Silurian  by  Mr.  Fletcher  belong  to  the  Cambrian 
group,  but  as  far  as  known  all  the  fossils  that  have  been  foun<l  indicate 
the  upper  Oambrian  series. 

MAIHS. 

The  presence  of  typical  rocks  of  the  Oambrian  group  in  the  State 
of  Maine  is  not  yet  proved.  It  is  quite  probable,  as  in  the  case  of  Nova 
Scotia,  that  the  series  of  slates  referred  to  the  Cambrian  actually  belong 
at  that  horizon.  But  until  paleontologic  evidence  is  obtained,  the 
question  will  be  an  open  one.  The  stratigraphic  position  of  the  slates 
and  their  lithologio  character  enable  us  to  speak  of  them  tentatively 
as  belonging  to  the  Cambrian  group.  That  they  were  deposited  in  the 
same  basin  as  the  Oambrian  series  of  New  Brunswick  and  Massachu- 
setts is  not  probable. 

NEW  HAMPSHIRE. 

All  the  references  of  strata  to  the  Oambrian  group  in  New  Hampshire 
are  of  a  provisional  character.    The}'  are  based  upon  more  or  less  iiu- 

*  On  the  Cumbrian  faonas  of  C%p%  Breton  and  Newfoundland.    Sojal  Soo.  Canada,  Proc.  and  Trana. 
T«L  4.  tec.  4.  1887,  p.  147. 
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perfectly  detertained  stratigraphic  horizons  and  the  fact  that  there  is 
a  thick  mass  of  sediments,  usually  without  fossils  and  largely  argilla- 
ceous ill  character,  that  appear  to  be  pre-Silnrian  in  age.  By  their  lith- 
ologic  character  they  are  correlated  with  formations  referred  to  the 
Cambrian  group,  as  found  in  Maine  and  Nova  Scotia,  that  have  similar 
lithologic  characters  and  occur  in  a  similar  stratigraphic  position.  All 
these  doubtful  formations  are  in  turn  correlated  by  their  lithologic  char- 
acters and  supposed  stratigraphic  position  with  the  Cambrian  beds  of 
Newfoundland  and  New  Brunswick. 

In  speaking  of  the  Mica-schist  series  of  New  Hampshire,  Prof.  C.  H. 
Hitchcock  says  ^  that  there  unquestionably  exists  an  enormous  thick- 
ness of  mica-schists  in  southern  New  Hampshire  above  the  HuroniaD 
series.  ''No  author  who  has  devoted  any  attention  to  these  groups  has 
su^jgosted  an  inferior  position  for  them.  They  may  be  called  Silurian, 
Cambrian,  or  pre-Cambrian,  according  as  each  author  is  inclined  to  re- 
gard New  England,  very  ancient,  or  on  the  verge  of  the  Paleozoic." 

It  is  doubtful  if  these  exposures  should  be  referred  to  the  Atlantic 
Coast  Province.    It  is  done  at  present  as  a  matter  of  convenience. 

EASTERN  MASSACHUSETTS. 

The  description  of  the  Cambrian  rocks  of  the  Boston  Basin,  by  Prof.W. 
O.  Crosby,  is  the  most  recent  and  the  most  thorough  of  any  we  have, 
and  the  summary  of  our  present  knowledge  of  them  is  taken  mainly 
from  "liis  paper.     He  says  :* 

The  oldest  rocks  which  we  have  found  are  the  Primordial  slates  and  qiiartzitai, 
and  the  11*^0  oflliese  is  certainly  and  definitely  known  only  at  the  Paradox  ides  qnam, 
in  i^raintriM'.  Wo  appear  to  he  jnstified,  however,  in  regardinjj  thoni,  jirovisionally 
at  least  as  all  of  ahont  the  same  aj;e,  partly  on  account  of  a  general  lithoio«:ic  re- 
semhlance,  hut  mainly  hecause  their  relations  to  the  different  classes  of  eruptive 
roeks  are  everywhere  the  same.  In  Weymouth  and  Braiutree,  where  we  first  mot 
these  rocks,  they  are  either  tyi>ical  clay  slates  or  slightly  calcareous;  bat  alon^  tbe 
northern  hase  of  the  Blue  Hills  occasional  layers  are  distinctly  siliceous.  They  prob- 
ably underlie  a  large  part  of  the  Boston  Basin,  being*  covered  by  the  conglomerate 
and  the  newer  slate  ;  and  north  of  the  basin,  as  shown  in  the  ninth  lecture,  they 
occur  in  isolated  areas  among  the  eruptive  rocks.  In  some  of  these  areas,  especially 
in  th(^  Middlesex  Fells  and  Melrose,  and  in  Woburn,  clay  slate  similar  to  that  in 
(^nincy  and  Braintroe  is  repeatedly  int«rstratitied  with  quartzite,  while  towanl  thf 
southwest,  in  Natick,  and  also  in  Reailing  and  Lynnfield,  there  are  extensive  dovelo|>- 
meiits  ot  quartzite  with  little  or  no  slate.  It  is  very  clear  that  the  quartzite  north 
and  west  of  the  Boston  Basin  is  the  source  of  the  quartzite  pebbles  which  play  snch 
a  prominent  part  in  the  composition  of  the  conglomerate,  especially  in  the  central 
and  northwestern  sections  of  the  basin.  In  general,  the  quartzito  is  more  and  the 
slate  less  abnndant  northwestward,  indicating  that  the  ancient  shore  line  aloiij? 
which  these  strata  were  deposited  lay  in  that  direction,  and  originally  the  Prinumiial 
strata  were  probably  spread  continuously  over  all  the  region  to  the  southeast  of 
that  line. 


'  Oeological  Hrctions  acro.sH  Vermont  and  New  HampHhire.    Am.  Ma«.  Nat  Hist  Bull.,  vol.  1, 18^  P- 
168. 
'Piiy^ieal  Histx)ry  of  the  Boston  15aHin.    Lowell  free  lecturea,  188&-1890.    Boaton,  1889,  pp.  19, 20. 
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The  depoaltinu  of  tbe  Primordial  atrftU  »m  ftillawed  by  a  portod  of  distarbAnce  of 
this  pmrt  of  tbu  eurtli'i  oraat,  daring  Wbiah  thay  wore  strongly  comproiwed,  being 
tliniwn  iiitu  nborp  folds  hKTing,  in  geDaral,  •  northeut  and  soatbwetit  direction.  Tbis 
appoara,  aliH),  to  bare  been  a  period  of  Intense  voloanlo  ootivity.  Tbe  qnartzite  »Dd 
•late  iTBie  shattered  and  ieolated  by  gieat  Tolnmea  of  baaia  lava,  which  we  now  call 
diorito ;  and,  as  indicated  by  the  oompaot  and  sooriaceoiu  diorite  of  the  Middleaex 
Fella  and  other  looalities,  innnenae  floods  of  lava  were  also  ponroil  oat  on  the  stirfaee, 
oonooallng  the  sedimentary  rocks.  In  breaklog  thmagh  the  qnartzito  and  Blate,  the 
diorilebao  often  followed  tbe  pl^ea  of  itratlfiostion  in  those  rucks,  and  thus  apiHiaru 
in  many  cases  to  be  regalorl;  interstratiBed  with  tbem ;  and  this  budded  npjiuaraiiGe 
or  the  rliorite  la  greatly  Increased  by  the  very  perfect  flow-struutnre  which  was  de- 
velopud  in  large  masses  of  it,  as  well  as  by  the  distinctly  schistose  or  foliated  strao- 
lure  soniHtimee  resnlting  from  the  sabseqnent  action  of  both  meohauical  and  chemical 
forces.  Wc  are  thus  able  to  explain  tbe  fact  that  the  diorite  has  been  frei|ueiitly 
mintaktin  for  a  stratified  or  aedimentary  rock. 

The  eruption  of  the  diorite  was  probably  followed  by  a  prolonged  period  of  ijiiiot 
erueiun,  which  was  finally  terminated  by  the  advent  of  a  secontl  period  of  iutoiisu 
and  long  continued  igneous  action,  during  which  only  acid  rocks— the  granites  and 
felsit«H— were  formed.  All  over  this  region  the  granite  has  brokeu  through  the  Pri- 
munlial  stra'ta  aud  the  diorite  io  tbe  most  irregular  ami  iutiniatu  manner. 

Prof.  Crosby  coDSiders  that  after  tbts  depotiitioir  of  thu  ar^fillites  and 
tbo  eruption  of  the  rocks  occurring  as  dikes  the  series  was  raised  above 
the  sea  level  and  aubjected  to  long-contiuucd  erosion,  prior  to  a  down- 
ward movement  or  subsidence.  As  the  surface  passed  slowly  below 
the  level  of  the  sea  a  thick  bed  of  conglomerate  was  Hjircad  over  tlie 
earlier  series  of  rooks  and  a  fine  silt  or  clay  canted  out  into  the  deep 
water  of  the  ocean.  At  the  same  time  eruptive  roeks  were  re£>eut«dly 
poured  oat  over  tbe  sea  floor,  where  the  beds  of  gravel  iiud  sand  were 
accumulating,  thus  forming  alternating  buds  of  conglomerate  and  sand- 
stone with  beds  of  molaphyr  and  iKtrphyrite. ' 

Of  tbe  subsequent  depositions  of  sediment,  be  says : 

Altomatious  of  tbe  conglomerate  with  bed.t  of  both  sandstoue  and  sl.ite  are  also  of 
coiiimoti  occurrence,  indicatinic  osciliutionsuf  luvul  duriii);  tliis  pcriiHl.  IJut  tlitt  dnwn- 
ward  muvument  prevatled,  until  dually  the  water  bucamu  too  du'p  uud  iiniut  und 
loo  n-iiiote  from  the  shore,  iu  tbio  vicinity,  tu permit  the  foniiatinn  of  cough iui<<rate 
ami  sandstone;  but  thesi'  coarse  sedituciitij  wuru  gradually  n:]>luc<'d  1>>-  sliile  iluriug 
tliv  dyiut;  out  of  the  volcanic  activity.  Thi^ae  traniiuil,  deL-i)-Hi'U  cimditiuns  must 
have  continued  fiir  a  very  lung  time,  fur  thu  argillaceous  sedimeiitii  uccuimilate  very 
slowly  and  ynt  the  slate  scries  has  n  thickness  uf  fnitu  r>00  feet  to  fully  1,U<)0  feet  or 
niui'c.  The  xlatcs  are  probably  sumuwhat  thicker  than  thu  coticluciiunitcH,  and  were 
■luiibtleHH  several  if  not  many  times  longer  in  forming.  Of  the  lifuuxiHting  in  thu  sua 
at  thistitiiii  we  unfortunately  know  but  liulu,  as  thu  stiituis  very  generally  dustituto 
uf  foseilH;  and  the  full  chrunulogic  siguillcuncu  of  the  few  organic  reiuitiiiN  that  have 
been  obtained  from  tbe  layers  uf  Itiriestone  iu  thu  slate  at  Naliaut  is  Htill  uiidiitur- 
U'.im-d.' 

There  is  evidently  an  error  iu  Prof.  Crosby's  iutcri)retatiou  of  the 
stratigraphic  succession  of  the  formation.-i  Ito  describes,  as  the  fauna  at 
2Tahant  is  of  an  older  date  than  that  found  in  the  argillites  at  Braititree. 
If,  however,  the  conglomerates,  with  their  conleniporanoou»  eruptive 

'Op.  d(.,p. :».  "Op.  oiL,  p.  SL 
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rock8,  belong  to  the  same  series  as  the  East  Point  slate  and  limestone 
the  entire  series  must  be  referred  to  the  Cambrian.^ 

In  his  report  of  1880  Prof.  Crosby  considers  that   the  strata  of  the 
lioston  Basin  were  deposited  in  a  depression  excavated  in  the  crystal- 
line formations  and  that  there  are  several  formations  belonging  to  the 
Ciimbrian.    First,  a  conglomerate,  represented  by  the  Boxbary  padding- 
stone.    Second,  a  slate  series  which  incloses  the  Paradoxides  zone  in 
ISouth  Braintree.    lie  assigns  to  the  conglomerate  a  maximnm  volume 
nut  exceeding  1,000  feet,  and  considers  that  the  greatest  thickness  of 
the  slate  can  not  be  much  less  than  that  of  the  conglomerate,  although 
in  some  cases  certainly  falling  below  500  feet.*    At  thetrilobite  quarry 
in  Braintree,  the  known  locality  of  Primordial  fossils,  the  slate  is  de- 
fc^cribed  as  of  a  greenish  gray  color,  <'  somewhat  siliceoas,  fine-grained, 
and  remarkably  uniform.    Minute  grains  of  pyrite  are  pretty  generally 
diffused.    In  the  quarry  the  rock  is  apparently  only  very  coarsely 
jointed ;  but  the  we^ithered  surface  reveals  much  finer  division  by  this 
means.    The  stratification  is  very  massive  and  can  hardly  be  detected, 
except  by  means  of  the  trilobite  remains;  these  may  be  supi)osedto 
lie  in  the  plane  of  the  bedding,  and  according  to  this  indication  the 
strike  is  E.-W.,  and  the  dip  S.  80^^-850.    Across  the  strike,  southerly, 
the  slate,  still  apparently  maintaining  a  high  dip  in  that  direction,  is 
met  at  a  distance  of  perhaps  300  feet  by  fine-grained  grayish  and  red- 
dish Huronian  granite,  while  on  the  west  the  same  granite  cuts  off  the 
shUe  at  about  twice  the  above  distance  from  the  trilobite  quarry ;  that 
is,  the  contact  of  the  two  formations,  as  shown  on  the  map,  is  ohliqae 
to  the  strike  of  the  slate."  ^    On  the  map  the  slate  series  thronghoot 
tho  Boston  Basin  is  correlated  with  the  slat4*^  at  Braintree,  and  repre 
sen  ted  by  a  coniniou  color. 


'lurt  U*tt«'r  rcct'ivtMl  from  Prof.  Cnmhy,  dat-utl  Jaunary  27, 1891, he  says:  "The  Nahaut  slate  u 
entirely  iHoIatt'<l.  mid  concoruiu^  it^  rolationH  to  the  concleiiiorate  w«  knotp  nothiuf;.  I  have  suppOMil, 
howeviT,  that  it  hIiouI^  be  rcferrod  to  the  uewov  aeried,  above  the  coDfilumerut«/'  Of  the  j^raenl 
£«!i>1oKy  of  the  I<4>8ton  liaain  lie  naya  : 

*' AHauiiiin;;  that  the  alateM  of  the  ItuHton  lianin  uow  knoivn  to  be  Canibriuu  arc  overlaiu  in  i«uu-44- 
aioii  by  thi?  e(iu;:luinerate8  and  a  newer  Hlate  Herierf  (my  proHeut  working  hypothesis),  it  U  still  pue- 
sible.  I  Hup|M)»r,  that  all  thoHo  rorkH,  in  the  Boston  liasin,  may  bo  Cambrian;  uotwithstaDdin^  the 
marked  unilbriiiily  betwitm  the  oon^lomerate  and  lower  nlates. 

"  The  weak  points  in  the  i«tratij;r:iph3'  arc  (1)  the  {general  (not  entire)  absence  of  slat«  pebbles  in  tbe 
con^lomenite;  (2)  the  absence  of  vUyar  sections  (thowin^  the  conglomerate  resting  upon  a  lower  sUie 
bei'icH.  \\'hon'Vi«r  thi<  bane  of  tin*  eon^^lnmei'ate  irt  Hoen,  it  reposes  uimn  the  'jranite  or/WW/e.  Soiue 
of  the  sections  are  viry  clear  and  uumitftakablo  in  thiH  respect ;  and  apparently  the  same  );raniti-  auil 
folsiie  are  «-rnptive  tliroii};Ii  the  liruintree  Mlates.  It  would, of  course, l>e  di fli cult  to /^rc/rf!  that  tbe 
granites  and  felsites  are  all  of  the  same  a;;e ;  but  it  neems  l»08t  to  assume  that  until  the  contrary  clesrly 
appt^ars. 

"  TIm'.  bertt  general  Htjitemeut  of  the  stratigraphy  of  this  region  appears  therefore  to  be  this:  A 
lower  Hlate.  known  to  bo  (.^ambrinn  :  cut  in  succes:iion  by  diorite,  granite  and  felsito;  all  ihetie  nnkii 
ovrrlaintinconformably  by  the  conglomerate  of  unknown  age;  and  the  conglomerate  in  turn  orerlain 
confurmablj'  by  a  newer  Hluteof  unknown  age. 

"  The  chief  problems  are,  then.  Ut  det^^rmino  which  are  older  and  which  are  newer  slates,  and  to  ile- 
termine  the  age  of  the  conglomerate  and  upi)er  slate. 

"As  an  indicjit ion  of  progress,  we  have  the  discovery  by  Mr.  Woodworth,  jost  reported,  of  fowili 
ill  the  islute  of  both  Somerville  and  Newton.'* 

''Contributions  to  the  geology  of  Eastern  Uassacbasetts.  Boston  Soo.  Nat.  Hist.  OccasioiuU 
papers,  No.  3,  IKSO,  p.  280. 

»Op.cit,p.l93. 
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According  to  Dr.  M.  E.  Wadsworth*  the  strata  at  the  trilobite  quarry 
dip  a  little  west  of  soath  at  an  angle  of  55^.  This  is  nearly  as  given 
by  Mr.  Isaac  Lea  in  1858.*  It  is  quite  probable  that  the  variation  in 
angle  of  dip  mentioned  by  different  observers  is  owing  to  the  position 
of  the  exposures  in  the  quarry,  at  the  time  of  their  respective  visits, 
and  by  their  mistaking  the  cleavage  for  the  plane  of  bedding. 

Dr.  Crosby^  describes  the  rocks  at  East  Point,  Nahant,  as  composed 
of  a  very  dark  gray,  almost  black,  compact  slate,  with  a  strike  N.  60^  E.; 
and  nearly  uniform  northerly  dip  of  about  4(P.  The  slate  is  inclosed 
in,  and  extensively  cut  by,  the  coarsely  crystalline  pjrroxenic  rock  of 
the  Nangus  Head  series.  The  slate,  except  where  it  is  vesicular,  is  of 
a  uniform  grayish  black  color  and  holds  thin  beds  of  li  jaestone  aggre- 
gating, perhaps,  20  feet  of  calcareous  matter.  The  character  of  the 
limestone  and  its  mode  of  occurrence  are  precisely  like  those  of  Mill 
Oove,  in  Weymouth,  IS  miles  distant.  The  limestones  are  interstrat- 
ified  with  the  slate  and  not  always  distinguishable  from  it.  The  color 
is  light  gray  and  its  texture  varies  from  compact  to  finely  crystalline 
or  saccharoidal.  Thin  seams  and  veins  of  siliceous  material  become 
evident  on  the  weathered  surface. 

In  the  interbedded  limestones  Mr.  A.  F.  Foerste  discovered  in  1889 
traces  of  a  species  of  Hyolithes  which  he  identified  as  specifically  the 
same  as  a  species  found  in  the  decomposed  limestones  of  North  Attle- 
borough  ^  He  proposed  the  name  Hyolithes  incegiiilateraliSj  but  I  think 
it  is  identical  with  Hyolithes  communisj  var.  emmonsi,  of  the  Lower 
Cambrian  horizon  at  Troy,  New  York.  He  states  that  the  Nahant  lime- 
stones are  the  equivalent  of  the  red  slates  in  North  Weymouth ;  and 
that  it  is  very  probable  the  red  slates  and  included  limestones  are 
stratigraphically  betieath  the  Braintree  Paradoxides  beds.  Also  that 
the  red  slates  of  Mill  Oove,  in  North  Weymouth,  are  of  Oleuellus  age 
and  beneath  the  Paradoxides  strata. 

The  district  embracing  the  Cambrian  rocks  of  Bristol  County,  Mas- 
sachusetts, is  well  described  by  Prof.  N.  S.  Shaler.    He  says : 

Several  geologista  have  observed  the  fact  that  botwoen  Pruvidouce,  Rhode  Island, 
and  Wrenthani,  Massachnsetts,  we  have  an  extensive  development  of  interbedded  con- 
glomerates, sbaly  slates,  and  sandstones,  the  whole  separated  from  the  other  detrital 
deposits  of  this  region  by  peculiarities  of  color.  •  »  »  Various  coDJoctures  have 
been  made  as  to  the  age  of  these  deposits.  They  have  been  thought  by  one  observer 
to  resemble  the  Trias,  while  others,  owing  partly  to  their  position,  have  assigned 
them  to  the  Devonian  age.^ 

Prof.  Shaler  discovered  fossils  of  the  Lower  Cambrian  or  Olenellus 
zone  in  this  series  of  rocks  in  1883,  which  for  the  first  time  gave  data 


*  On  tbe  relation  of  the  Quincy  granite  to  the  primordial  argillite  of  Braintrtte,  MassachaRett-s.    Bos- 
ton Soc.  Nat  Hiat.  Proo.,  vol.  21,  1883,  pp.  274-277.  ♦ 

s  [On  the  trilobite  formation  at  Braintree,  MlassachaHettK].    Phil.  Acad.  Sci.  Proc.  vol.  0, 1858,  p.  205. 
'Contribntions  to  the  (geology  of  Eastern  Massachasetts.    Boston  Soc.  Nat.  Hist.  Occasional  papers, 
No.  3, 1880,  pp.  195, 261, 262. 

*  The  Paleontological  horizon  of  the  limestone  at  Nahant,  MaAsacbuaetts.    Boston  Soo.  Nat.  Hist. 
Proc,  vol.  24. 1889,  pp.  261-268. 

*  On  the  geology  of  the  Cambrian  district  of  Bristol  County,  Massachasetts.    B\»W.M^qa.  Q^svu^.TaaX.  ^ 
Barv.  CoL,  ToL  16, 1888;  pp.  18, 14. 
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for  detoroiinin^^  the  geolo^o  a£re  of  the  deposit  On  the  east  the  Coal 
Measures  of  the  Narragansett  Basin  occur.  On  the  west  side  he  con- 
siilcrs  the  rocks  to  be  of  pre-Gambrian  age^  as  they  consist  mainly  of 
gucissoid  rocks  of  various  composition,  and  a  great  area  of  dark  green- 
ish  chloritic  deposits  which  appear  in  part  at  least  to  be  metamor- 
phosed coDg1om(H*ates  and  shales.  Owing  to  the  large  amount  of  drift 
material  covering  the  country,  no  absolute  contact  with  the  pre-Gam- 
brian rocks  was  observed,  nor  is  the  overlap  of  the  Garboniferons  upon 
the  Gambrian  shown  in  any  section. 
Of  the  rocks  he  says : 

The  Cambrian  rooks  exhibit  very  little  sign  of  metamorphio  aotion.  The  shalei 
indicate  a  slight  amount  of  infiltration,  and  in  the  conglomerates  the  pebbles  all  re- 
tain essentially  their  original  character,  save  that  they  are  sometimes  slightly  id- 
d«ntod  one  into  the  other.  The  cement  of  the  mass  is  not  more  altered  than  is  nsnsl 
\?ith  oar  unchanged  conglomerates.  Its  general  charaoters,  save  for  its  reddish  color, 
is  undistinguishable  from  the  deposits  of  Millstone  grit  age  in  the  neighboring  coil 
iields.' 

>So  far  fossils  have  been  found  in  rocks  of  this  section  whioh  probably  do  not  in 
the  aggregate  include  more  than  100  feet  or  so  of  the  total  section  of  the  Cambrign 
series.  However,  as  those  deposits  are  of  the  same  aspect,  as  all  the  red  slates 
and  conglomerates  of  the  area,  it  appears  at  present  reasonable  to  include  all 
rocks  of  this  description  with  the  above-mentioned  series.  The  total  thickneas  of 
the  section  which  I  have  termed  Cambrian  is  not  accurately  determinable.  It  probft- 
liy  amounts  to  not  far  from  2,000  feet.  In  the  main  it  consists  of  thin  bedded  shaly 
layers  which  occasionally  pass  into  moderately  thick,  fine  grained,  greenish  and  red- 
dish slates.  Intermingled  with  these  in  several  levels  we  have  a  number  of  layers 
of  conglomerate,  perhaps  as  many  as  half  a  dozen  distinct  beds,  varying  in  thiekness 
from  20U  to  300  feet.  In  all  cases  these  conglomerates  are  frequently  interrupted  by 
thin  laytTs  of  Nhale  or  sandstone.  «  •  *  xhe  rocks  from  which  the  pebbles  wert 
taken  are  mainly  identifiable  in  the  western  portion  of  the  Held  before  described.' 

Thf  sediments  conipoHlng  this  Cambrian  section  appear  to  have  been  derived  from 
rocks  HubHtantially  the  same  us  thoHe  which  now  lie  in  the  iield  west  of  the  area. 
Althongli  fossils  have  been  found  in  a  small  part  of  the  section,  close  study  makes  it 
phiin  that  by  far  the  greater  portion  of  the  strata  are  clearly  azoic.  The  frequeut 
return  of  conglomerate  layers  and  the  coarseness  of  the  pebbles  show  that  during 
mtmt  of  the  time  when  the  beds  were  accnmulating  the  region  was  near  shore;  so, 
to<»,  the  large  amount  of  sandy  matter  even  in  the  slates  aflbrds  a  presumption  that 
the  region  was  not  remote  from  the  coast  line.  About  100  feet  of  shale  beds  have 
be<^u  Hubjected  to  a  very  carefnl  search  for  organic  remaius.  The  total  thickness  of 
tlu^  (h'posits  in  which  any  trace  of  life  has  been  found  probably  does  not  exceed  100 
ivvtf  .and  even  in  this  section  only  a  small  part  of  the  rocks  actually  contain  fossils.^ 

Prof.  Slialer  suggests  that  the  conglomerates  were  accumulated  dur- 
ing an  ice  epoch ;  and  he  presents  several  arguments  for  this  view.  He 
states  that  the  relations  of  the  beds  carrying  the  fauna  at  North  AtUe- 
borough  with  those  of  the  Paradoxides  zone  of  Braintree  are  not  dis- 
cover{|J)le  by  comparison  with  the  Massachusetts  Bay  and  Narragansett 
deposits.  At  the  time  he  wrote  the  stratigraphic  relation  of  the  Ole- 
nellus  fauna  as  found  at  North  Attleborough  with  the  Paradoxides 
iaiina  was  not  known,  except  that  the  Scandinavian  geologists  state 

1  Op.  oit,  pp.  1%  17.  >0p.  dt,  p.  18.  •Op.  dt.  p.  ao. 
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thatlnthtirconatry,  the  Pftndoxidea  zone  occupied  a  superior  posidon 
to  tlie Oleotillus  zone.  With  theknowledge  we  bow  have  of  the  strati- 
graphic  saocesaioa  of  the  Cambrian  fauuas,  the  Paradoxides  beds  of 
Bmiotree  are  considered  to  be  superior  to  the  Lower  Cambrian  rocl^B 
of  Attleboroogh. 

The  physical  characters  and  condition  of  the  rocbs  conatitnting  the 
formations  referred  to  the  Cambrian  in  th  is  province  indicate  that  they 
were  accumulated  not  far  from  the  shore  line,  and  that  several  tinctiia- 
tions  in  the  level  of  the  sea  bed  occurred  during  Cambrian  time.  On 
the  coast  of  Labrador  the  accumulation  of  sand  was  followed  by  a 
deepening  of  the  sea  and  the  deposition  of  calcareous  mnd.  That  the 
depth  was  not  profound,  is  shown  by  the  character  of  the  limestone  and 
its  fauna,  and  the  presence  of  lenticular  masses  of  red  and  gre<Mi  sliale. 
The  231  feet  of  sandstone,  and  110  feet  of  limestone  in  the  section  reji- 
resent  only  a  portion  of  tlie  Lower  Cambrian  or  Olenellus  zone.  Two 
hundred  miles  to  the  south,  on  the  west  coast  of  Newfouudland  the 
presence  of  605  feet  of  slate  beneath  the  alternating  series  of  lime-stone 
and  quartzite,  over  1,000  feet  in  thickness,  tell  the  same  story  of  rela- 
tively shallow  water  accumulation. 

Uu  tlie  Atlantic  coast  side,  at  Canada  Bay,  there  are  2,500  feet  of 
slate,  conglomerate  and  eruptive  rock,  subjacent  to  a  series  of  lime- 
stones and  slates  nearly  3,000  feet  in  thickness.  There  is  hero  a  greater 
development  of  limestone  than  anywhere  to  the  south  along  tlie  At- 
lantic coaHt  line.  It  apitears  to  hare  accumulated  upon  the  bed  of  a 
protected  sea  not  far  distant  from  the  shore  and  to  Iiave  been  frecjueutly 
interrupted  in  deposition  by  the  throwing  down  of  ii  coiisideriilik>  thick- 
ness of  argillaceous  mnd. 

In  Hontheastem  Newfoundland  the  assembled  sections  have,  accord- 
ing to  Messrs.  Murray  and  Howley,  a  thickness  of  nearly  G,iHHi  feet,  of 
which  128  feet  are  limestone,  !*ud  the  remaining  portion  ar^cillaceous 
and  arenaceous  deposits.  In  the  section  on  Manuel's  Brook  a  conglom- 
erate rests  upon  the  prc-Cambrian  gneiss,  and  ut)on  tlie  upper  bod  an 
irregular,  arenaceoas  limestone  iu  which  layers  of  more  or  less  pure 
limestone  occur.  This  limestone-forming  epoch  was  of  very  short  dura- 
tion, and  was  succeeded  by  an  acM^umullttion  of  clay  that  now  forms  a 
series  of  shales  nearly  1,000  feet  in  thickness  l)efore  sandy  layers  a]t- 
]iear.  When  once  the  sandstones  begin  to  alternate  with  the  shales, 
they  continue  on  up  to  the  summit  of  the  group  and  are  very  abundant 
in  the  Upper  Cumbrian.  The  seiltments  of  southeastern  Newtbimdiand 
were  accnmnlated  in  bays  of  the  pre  Cambrian  sea  and  derivtMl  ^Imost 
entirely  from  the  a«ljacent  shore,  cither  as  sand  and  silt,  worn  from  llie 
rocks  by  the  sea,  or  brought  down  to  it  by  tributary  streams. 

The  4,000  feet  or  more  of  rocks  in  the  New  IJinnswick  section  are 
almost  entirely  shales  with  a  few  tiuudstoues  and  basal  conglomerates. 
BuU.  81 18 
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It  is  the  record  of  the  accamalatiou  of  sediments  in  a  gradually  deep- 
ening sea. 

The  eastern  Massachusetts  section  is  largely  formed  of  shale,  except 
in  the  lower  part,  where  a  small  proportion  of  limestone  occurs  in  the 
Olenellus  zone,  much  as  in  the  southeastern  Newfoundland  section. 

The  great  thickness  of  shales  referred  to  the  Cambrian  in  Nova 
Scotia,  Maine,  and  New  Ham|>shire  probably  represents  much  more 
than  the  Cambrian  group,  or  it  may  be  entirely  a  pre-Cambrian  forma- 
tion or  a  post-Cambrian  formation.  It  is  only  probable  that  they  are  of 
Cambrian  age.  They  may  represent  deep-water  accumulations  in  which 
no  organic  remains  were  buried. 

As  a  whole,  we  may  regard  the  Atlantic  Coast  Province,  during  Cam- 
brian time,  as  including  bays  and  the  adjacent  shores  of  the  AlgonkiaD 
land,  in  and  along  which  sediments,  mostly  of  an  argillaceous  and 
arenaceous  character,  accumulated.    The  relative  level  of  the  sea  bed 
varied,  but  in  the  main  the  depression  greatly  exceeded  the  elevation. 
The  depth  of  water  in  which  the  sediments  forming*the  limestones  and 
shales  accumulated  was  probably  considerable,  but  not  a  deep  sea  in 
the  present  sense  of  the  term.    A  few  hundred  or  a  thousand  feet  on  a 
gradually  sinking  sea  bed  (iti  relation  to  the  coast  line)  would  give  the 
required  conditions.    From  the  character  of  the  sediments  and  tbe 
faunas  it  is  probable  that  land  barriers  existed  to  the  eMtward  of  the 
present  coast,  and  that  none  of  the  deposits  were  accumulated  off  the 
shore  facing  the  open  ocean. 
As  left  by  erosion  the  Lower  Cambrian  now  occurs  on  the  Labrador 

coast ,  on  the  western  and  eastern  sides 
of  Newfoundland,  in  New  Brunswick, 
and  eastern  Massachusetts.  The  Mid- 
dle Cambrian  has  been  recognized  on 
the  eastern  coast  of  Newfoundland,  in 
New  Brunswick,  and  eastern  Mjissa- 
chusetts.  The  Upper  Cambrian  is 
known  in  southeastern  Newfoundland, 
Cape  Breton  Island,  New  Bmnswick 
^    .   ,  .  .X.    *„    .,      an*i  doubtfully  on   the  southwestern 

yio.   1.     Typical    nectioim  of   tho  Atlantio  ^ 

Coast  Province.     Vertical  scale,  6,400  leet      COaSt   Of  NcwfOUndlaud.       (ScC  PL  fl.) 
to  iLc  iuch. 
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APPALACHIAN  PBOVINCB. 


The  Appalachian  Province  includes  the  outcrops  of  Cambrian  strata 
on  the  line  of  the  Appalachian  System  of  Mountains,  from  the  Golf  of 
St.  Lawrence  on  the  north  to  Georgia  and  Alabama  on  the  south. 

For  convenience  in  presenting  geologic  data  the  Appalachian  Prov- 
ince is  divided  into : 

A. — Northern  Appalachian  District. 
B. — Soutberu  Ap\>«^«yc^i\^\iI^\^^\\Q>t« 
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KOBTHBBN  APPALACHIAN  DISTRICT. 

The  Northern  Appalachian  District  includes  the  Hudson  Biver  and 
Lake  Chaiuplain  area,  east  of  the  river  and  lake,  and  an  extension 
northeastward  into  Canada  as  far  as  the  vicinity  of  Gape  Hosier  on  the 
Onlf  of  St.  Lawrence. 

The  geographic  distribution  of  the  Cambrian  strata  of  the  Northern 
Appalachian  District,  south  of  the  Canadian  extension,  is  deline- 
ated on  a  geologic  map  of  eastern  New  York  and  western  Vermont 
published  in  1888  by  Mr.  C.  D.  Walcott.*  On  this  map  the  "  Gran- 
ular Quartz,''  "Red  sandrock,''  "Georgia  slate,"  and  Potsdam  sand- 
Ktone  are  differentiated  as  far  as  the  known  data  would  permit. 
The  stratigraphic  relations  of  the  various  divisions  in  Vermont  are 
shown  in  a  series  of  sections  by  Prof.  C.  H.  Hitohcock,=^  and  for  New 
York  by  a  s^tion  on  the  above-mentioned  map. 

The  "Granular  Quartz"  is  found  on  the  western  side  of  the  Archean 
rocks,  from  southeastern  New  York  and  western  Connecticut  northward 
to  Massachusetts,  and  into  Vermont  nearly  to  the  Canadian  border.  The 
exposed  outcrop  is  more  or  less  interrupted  because  of  the  removal  of 
thii  rock  by  erosion  or  its  concealment  by  superjacent  deposits. 

In  Vermont  the  "  Granular  Quartz"  is  a  very  compact,  hard  rock  tliat 
])asses  into  a  number  of  varieties.  It  is  described  in  the  Geology  of 
Vermont^  as  granular,  gray,  or  reddish  quartz  rock ;  fine  granular  or 
arenaceous  quartz  rock :  granular  x)orous  quartz,  or  pseudo-buhrstone; 
quartzose  aggregate ;  quartzose  breccia ;  quartzose  and  micaceous  con- 
glomerate. There  are  also  associated  with  it  talcose  and  mica  schists 
and  limestone.  The  quartzite  is  remarkably  com])act  and  enduring, 
and  it  occurs  in  bowlders  all  over  the  southern  j>art  of  Vermont,  in 
Massachusetts,  New  York,  and  Connecticut,  many  miles  from  the  parent 
ledges.  Along  the  range  of  the  rocks  the  bowlders  cover  the  surface, 
and  in  some  instances  this  is  the  only  way  in  which  the  line  of  outcrop 
of  the  formation  is  indicated.  Details  of  the  geograi)hic  distribution 
in  Vermont  are  given  in  volume  1  of  the  Geological  Survey.  A  sec- 
tion of  973  feet  was  measured  in  East  Dorset  by  Prof.  C.  II.  Hitchcock, 
and  the  thickness  of  the  formation  in  Vermont  is  estimated  at  1,000 
feet.  It  retains  its  essential  characters  in  passing  southward  into 
Massachusetts,  New  York,  and  Connecticut. 

On  the  western  summit  of  Clarksburg  Mountain,  northeast  of  Wil- 
liamstown,  the  basal  bed  of  the  quartz  series  is  a  conglomerate,  resting 
unconformably  upon  pre-Cambrian  gneiss.  The  conglomerate  is  suc- 
ceeded by  beds  of  quartzite,  usually  compact,  hard,  line  grained,  and 

'The  Taconlo  syBtem  of  Emiuonii  and  the  ane  of  the  name  Tacouic,  in  ^^eolo^ic  iioniouclaturo.  Am. 
Jour.  SoL,  3d  aer.,  vol.  35.  1888,  pp.  229-242, 307-327. 394-401. 

'Geological  sections  across  Vermout  and  New  IlanipHhiro,  Am.  Mas.  Nat.  Hist.  ]!iil1.,  vol.  1. 1884,  pp. 
155-179,  pL  xvl,  XTIL 

"Hitchcock,  C.  H.  Hypoxoio  and  Falcosoic  rocka.  Report  on  the  K<^I»Ky  »^  Vermont,  vol.  1, 1861, 
P.M3. 
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of  a  light  gray  color,  in  layers  varying  from  a  few  inches  to  2  or  3  feet 
aud  even  up  to  6  feet  in  thickness,  on  the  spnrs  to  the  north  o(  Glarkit- 
burgh  Mountain.  In  the  town  of  Bennington,  a  few  miles  farther 
north,  the  writer  measured  a  section  of  the  quartzite  400  feet  in  thick- 
ness. It  is  formed  largely  of  light  gray,  nearly  white,  compact,  fine 
grained,  and  massive  bedded  <inartzite,  with  alternating  beds  of  hyaline 
quartz.  At  this  locality  fossils  other  than  the  Scolithos  boxings,  which 
were  known  to  occur  at  a  number  of  localities  in  Vermont,  were  found 
in  1887  for  the  first  time  in  situ  in  the  quartzite.  The  species  belong 
to  the  genera  Nothozoe,  Hyolithes,  and  Oleiiellus.  Traces  of  a  trilo- 
bite,  apparently  of  the  genus  Olenellus,  were  also  found  100  feet  above 
the  gneiss  on  the  western  summit  of  Clarksburg  Mountain.  In  the 
bowlders  on  the  line  of  the  outcrop  of  quartz,  to  the  north  of  Benning- 
ton, traces  of  fossils  have  long  been  known,  among  which  are  Nothozoe 
verniontana^  Hyolithes  cominuniH^  and  Olenellus  thompsoni. 

Prof.  J.  D.  Daoa  describes  the  quartzite  in  its  extension  into  western 
Massachusetts,  western  Connecticut,  and  eastern  New  York.  It  varies 
very  little  from  the  characteristic  features  shown  at  the  north,  and 
from  its  disturbed  condition  no  sections  were  obtained  of  its  entire 
thickness.  At  Stissing  Mountain,  in  Dutchess  County,  New  York,  it 
rests  upon  the  Archean,  and  is  a  massive  bedded,  compact  quartzite, 
in  which  the  genus  Olenellus  and  Gamerella  minor  have  been  found.  It 
here  passes  above  into  a  limestone  in  which  Ilyolithellus  micans^  a  char- 
acteristic Lower  Canibri«an  species,  occurs.* 

In  a  piij)er  read  before  the  Geological  Society  of  America -at  its  sec 
ond  aiunial  meeting,  December  30,  1890,  Dr.  J.  E.  Wolff  gave  an  ac- 
count of  the  discovery,  by  Mr.  A.  V.  Foerste  and  himself,  of  fossils  of 
Lower  Ciinibriau  a^^e  in  the  limestones  of  the  East  Kuthuul  Valley. 
The  limestones  rest  conformably  uj)on  the  quartzite  which  carries 
Olenellus  in  Bennington  County.  Dr.  Wolff  identified  the  species  a« 
Kutorgina  sp.  ?  and  Salterella.-  The  evidence  of  the  Lower  Cambrian 
ajije  of  the  limestones  is  not  fully  proved,  as  the  two  genera  may  range 
up  into  the  Middle  Cambrian. 

lie  mentioned  that  in  the  West  Rutland  Valley,  and  in  the  valley 
between  the  West  Rutland  and  East  Rutland  Valleys,  the  limestones 
contain  fossils  of  Calciferous  Chazy-Trenton  age,  or  those  which  will 
be  found  above  the  Cambrian  horizon.  From  his  section  it  is  pn»habli' 
that  the  Middle  and  Ui)per  Cambrian  faunas  will  be  found  to  range  np 
into  the  limestones  beneath  the  Calciferous  horizon,  as  has  been  diij- 
covered  by  Prof.  W.  B.  Dwight  in  Dutchess  County,  Xew  York,  and 
Prof.  Frank  Nason,  in  Sussex  County,  New  Jersey. 

Aiii>  a  whole,  the  "(Tranular  Quartz ■-  may  be  said  to  consist  of  ashon' 
deposit  aecMimuhited  along  the  western  shore  of  the  Green  Mountains 


'  TIh'  Tiv<<)nir  HVMttMii  of  Kinmoiis  juul  the  uho  of  tin;  uame  Taconic  in  Gooloj;ic  nomenclatoro.    Am- 
Jour.  Sci.,  :M  Hor.,  vol. :{,'.,  1888,  p.  230. 
»iiulL  Geol.  Soc.  Am.,  vol.  2,  l«yi.  pp.  334.  335. 
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during  early  Cambrian  times;  the  Isediments  vary  from  pare  qaartz 
sand  to  Tiiixtures  of  sand  and  argillaceons  and  calcareous  mud. 

The  ^^  lied  Sandrock  "  series  is  confined  almost  entirely  to  northern 
Vermont,  not  appearing  south  of  Addison  County.  In  the  northern 
part  of  Addison  County  it  comes  into  contact  with  and  merges  into  the 
^'Granular  Quartz"  series.  It  has  not  been  recognized  in  contact  with 
the  Archean  rocks  of  the  Green  Mountains.  From  this,  and  its  having 
less  of  the  character  of  a  shore  deiK)sit  and  from  its  occurring  west  of 
the  line  of  outcrop  of  the  ^*  Granular  Quartz,"  it  is  quite  probable  it  is 
adee)>erwateraccumulatfon,  though  contemporaneous  with  the  ^<  Gran- 
ular Quartz."  The  G-eorgia  slates,  in  the  town  of  Georgia  and  in  north- 
ern Vermont,  are  conformably  superjacent  to  the  '*Eed  Sandrock." 
As  the  formation  is  traced  to  the  south,  the  '^  Red  Sandrock  "  series 
disappears,  and  the  Georgia  slates  and  shales,  with  their  interbedded 
limestones  and  sandstones,  represent  the  entire  Cambrian  section ;  so 
it  is  very  probable  that  the  Georgia  series  as  found  in  southern  Ver- 
mont and  eastern  New  York  represents  or  is  equivalent  to  the  ^'  Gran- 
ular Quartz"  and  the  '^Bed  Sandrock."  The  ^^ Granular  Quartz"  has 
been  described  separately,  but  it  is  more  convenient  to  unite  the  ^^lled 
Sandrock"  and  the  G-eorgia  slates,  because  the  sections  usually  show 
the  latter  resting  conformably  upon  the  ^^Bed  Sandrock"  series  through- 
out northern  Vermont.  The  geographic  distribution  of  the  Canadian 
extension  of  the  ''  Bed  Sandrock  "  and  the  Georgia  slates  is  shown  on 
a  map  by  Sir  Wm.  E.  Logan,  entitled  "The  distribution  of  the  rocks 
belonging  to  the  Potsdam,  Quebec,  and  Trenton  groups  of  the  east  side 
of  Lake  Charaplain,"  accompanying  an  Atlas  of  maps  and  sections  of 
the  Beport  of  Progress  of  the  Geological  Survey  of  Cannula  for  1863, 
published  iu  1805.  The  formations  extend  north  of  the  boundary  line 
about  5  miles,  where  they  appear  to  have  been  cut  out  by  faults  that 
bring  the  superjacent  formations  into  contact  with  them. 

The  "Bed  Sandrock"  series  consists  of  white  and  red  dolomites  and 
sandy  layers.  Some  of  the  strata  are  mottle<l  red  and  white,  and  a  few 
are  brick  red  or  Indian  red.  Some  beds  contain  a  considerable  amount 
of  siliceous  sand,  and  all  weather  a  yellowish  or  reildish  brown.  They 
are  also  interbedded  with  gray  argillaceous  limestones  and  buff  sandy 
dolomites  we<ithering  brown.  This  de8cri])tion  is  taken  from  Logan's 
notes  on  the  formation  near  the  Canadian  boundary.  To  the  south,  in 
the  town  of  Georgia,  Franklin  County,  Vermont,  they  form  a  bluish 
gray  dolomitic  limestone,  followed  by  a  steel-gray  dolomitic  limestone 
that  pivsses  into  a  mottled  limestone  or  the  Winooski  marble.  Tiiis  in 
turn  is  subjacent  to  gray  dolomitic  limestones  in  massive  layers,  some 
of  which  are  mottled  reddish  and  white,  though  the  larger  part  are  gray 
and  yellow.  Still  higher  up  the  reddish  pink  dolomitic  limestones  ap- 
pear. There  are  many  variations  in  the  color  and  composition  of  this 
series  between  the  Canadian  border  and  its  i)oiut  of  disappearance  40 
miles  to  the  south. 
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The  Georgia  slate  scries,  according  to  Prof.  O.  H.  Hitohcock,  consist 
in  Vermont  of  several  varieties  of  rock.^  They  are  (1)  clay  slate;  (2i 
roofing  slate ;  (3)  clay  slate  approximating  to  micaceoas  saudstone;  (4) 
various  kinds  of  limestone;  (5)  brecciated  limestone;  (6)  oouglomemte 
foriiie<l  of  pebbles  of  limestone. 

A  carefully'  measnred  section  extending  up  through  the  '^  Ked  Sand- 
rock  "  and  Georgia  series,  beginning  at  the  base  of  the  western  face  of 
the  cliff  overlooking  the  level  that  reaches  to  the  shore  of  Lake  Cham- 
plain,  in  the  town  of  Georgia,  Franklin  County,  Vermont,  and  extend- 
ing southeastward  to  Parker's  quarry,  a  little  south  of  the  Georgia 
postoflice,  gives  the  following:* 

Fe«t 

(1)  MaBHive  beilded,  bluinli  gray  dolomitic  limestone,  with  many  inoscnlating 

tlireacU  and  bancheH  of  a  yeUowish-drab  sandy  limestone  that  weatbera 

in  relief* 3S 

(2)  No.  1  paHHOs  into  a  steel-gray  dolomitic  limestone  that  weathers  to  a  dark 

buff  and  blnish  black,  with  angular  fragments  of  bluish  gray  limestone 
appearing  irregularly  at  the  surface.  At  100  fe^t  from  the  base  the  first 
band  of  mottled  limestone,  '^ Calico'' or  Winooski  marble,  is  met  with. 
The  latter  grades  into  a  reddish  dolomite,  free  from  mottling,  and  then  in 
a  gray  limestone.     (Fossils,  Uyolithellns  T) *200 

(3)  Gray  <lolomitic  limestone  in  massive  layers,  some  of  which  are  mottled,  red- 

dish and  white,  but  the  larger  part  are  gray- and  yellow.  Many  of  the 
gray  layers  break  up  into  a  columnar  structure,  the  colnmus  being  at 
right  angles  to  the  bedding.  In  a  reddish-colored  limestone,  200  feet  from 
the  base,  a  slender  elongate  tube  occurs,  probably  Hyoliihellus  mican9  ...      475 

(4)  Ke<ldish  pink,  dolomitic  limestone,  weatliering  to  a  reddish  brown  and  de- 

composing  on  the  exposed  edges  to  an  arenaceous,  dark,  brownish-red 
rock  that  hIiowh  uunierous  fragments  of  fossils :  Kutorgina  Idbradorica^ 
Obolf'Ua  (f)   sp.,  Saltevfila  2)nl('h€lla  (?),   Ptyohoparia  adamsi,   OltncUus 

thompsoni IW 

(fi)  Cilray  arenaceous  limestoiio  in  rough,  massive  layi^rs,  passing  into  more 
evenly  bedded,  light  gray,  arenaceous  limestono.  Fossils  similar  to  those 
in  4  occur  in  the  lower  portion 190 

Total  thickness  of  limestone l.UOi) 

(<■))  (ieorgia  shales. — Argillacoo-raicacoous  and  arenaceous  shales,  containing 
numerous  fossils,  at  Parker's  le«lge,  and  showing  deposition  contact  on 
No.  5 "^ 

Strike  at  Parker's  Quarry,  N.  30^  E.,  dip  e^  to  12^  E. 

The  fossiliferouK  shales  at  Parker's  Quarry  contain:  Palofophtfcun  ia- 
cip'wnSj  P.  congregatHs,  DiplogrnpUis  nimpJex  [now,  I8')l,  PhyVograptu^ (f) 
rflm/>/v*w8i»],  Climacogr(iplH>i  if) emmonsiy  Kuforgina  cingulaiaf  Orthhina  ori- 
ental'iH,  ().  feHtinataj  0,  frauifvcrsaj  O.sp.  ('),  Microdisctm  par'keri^  Me«<maci$ 
vvrmonta»a,  Olenelhm  thmnpsoni,  Olenoidv^  marcoui,  liathynotM  holopygCy 
Ptyohoparia  adamai,  P.  vulvamiSy  Protypus  hiichcookif  P.  aencctus^  and 
P.  8encctu«  vur.parruhia, 

'  II N  pozuio  and  Pal<»ozoic  rockH.     Ucport  on  the  gnology  of  Vermont,  vol.  1, 1861,  p.  368. 

'^  Waltuttt.  C  1>.     Second  contribution  to  tlie  8tu<lie8  oL'  the  Cambrian  faunas  of  North  Americiu   ^ 
S  (!«  ol.  Survey.  Hull.  No. 30, 18^6,  pp.  l.^  17. 

'A  niilo  Houtli  of  the  lino  of  the  Heetion  iibout  73  fe«'t  of  aren.'weous  lim^Htone  ocean  beneafb  tlii* 

lir«l.     I'ifly  feet  from  the  ba>»o  I  found  darinj;  the  hunimer  of  1830  Ohtddla  eraata  f,  SaXienM*  f' 

Jfi/f-litluis  H  up.,  ami  fraix'iK^il-'^  «^f  •'*  Mpoeies  of  ( Mciiolliis.     -V,  few  fi^et  hiiihor  in  the  aecth>n  the  hewl-* «'» 

I'l  (»tA  puH  Hp.  7  and  of  OlenelluN  sp.  f  \i  ere  fouud.  Traced  of  the  OlouoUas  fauna  wore  alao  foand  at  poii>t< 

85, 153,  and  193  fo«>t  above  tbu  \oyruttt.  liotirou. 
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Feet. 
(7;  Kaat  of  the  Parker  qiuuny  the  rocks  are  aigillaoeoaB  shales,  with  occasional 
layers  of  hard  gray  limestone  one-half  of  an  iooh  to  2  inches  thick,  that 

carry  nunierons  fragments  of  a  liugaioid  shell 3,500 

Strike  of  shales  near  top  of  7,  N.  40<)  to  60^  E.,  dip  60°  SE. 

(8)  Light  gray  qnartcite 50 

(9)  Gray  limestoDo  in  maeslTe  layer%  with  occasional  intercalated  bands  of 

hard  argillaeeons  shale  similar  to  that  beneath  the  limestone.  Many  of 
the  beds  of  limestone  appear  to  have  been  broken  np  into  fragments  and 
recemented  in  sitn •• • 1,700 

Average  strike  of  limestone  beds  N.  siP  E.,  dip  50°  to  90° ;  averap^o  dip 
GOOSE. 

In  this  limestone  belt,  1  mile  north  of  where  the  section  crosned,  a  few 
fossils  were  foand ;  Lingula,  n.  sp.,  Orlhisina  nudt.  (fragment),  Camerella 
nndt.  (probably  new),  Agna&iuB  like  A,  m'toUy  and  Ptychoparia  like  P. 
adamsi. 

(10)  Argillaeeons  shales,  very  similar  to  those  in  the  Parker  ledge,  continue  on 

up  to  the  opposite  side  of  the  line  of  the  Vermont  Central  Railroad  track. 
At  the  base  the  shales  rest  conformably  against  the  limestone  of  9,  and 
above  appear  to  be  cnt  off  by  a  fault. 

Strike  N.  50°  E.,  dip  60^  to  80°  SE.,  for  a diHtance  beyond  the  limcHtoue ; 
the  dip  then  decreases  and  does  not  ezceod  20°  for  a  long  distance,  until 
within  1,000  feet  of  the  railroad  track,  where  the  shales  become  coarser 
and  changed  by  addition  of  arenaceous  material,  and  the  dip  incresises. 

Total  thickness  to  fault  line  of  No.  10, 3,500  to  4,500  feet. 

No.  8  of  the  section  when  traced  on  its  strike  to  the  southwest  increases  in  force 
very  rapidly  to  the  thickness  of  500  feet  or  more,  and  also  changes  from  a  quartzite  to 
a  more  or  less  calcareous  sandstone,  containing  irregular  fragments  of  argill.'vcooiis 
shale.  Followed  to  the  northeast,  it  soon  disappears  and  the  limestonen  rest  diroctly 
on  the  shales.  Continuing  northeast  on  the  limestone  (9),  it  is  found  to  diicniusc  rap- 
idly, and  a  mile  northeast  of  where  it  is  over  1,500  feet  in  thicknoBS  the  width  across 
the  outcrop  is  not  over  150  feet,  and  soon  the  shales  above  it  and  those  below  it  coino 
together,  the  limestone  having  disappeared.  Southwest  of  the  line  of  the  section  the 
width  of  the  outcrop  narrows,  and  north  of  Georgia  Plains  post-office  the  entire 
section  is  covered  by  beds  of  sand. 

No.  9  appears  to  be  a  great  lenticular  mass  of  limestone  (lentile  of  Marcbu)  with 
i  ntercalat<Ml  beds  of  argillaceous  shale,  and  more  rarely  with  arenacooiin  beds  imbedded 
in  the  argillareous  Hhales.  The  fauna  is  Cambrian  in  charact«r,  and,  in  the  absence 
of  Oleuellus  and  other  typical  Middle  [now  Lower]  Cambrian  fossils  approaches  that 
of  the  Upper  Cambrian  or  Potsdam  sandstone. 

A  section  taken  east  of  Highgate  Springs  beginning  on  the  east 
side  of  the  same  fanlt  as  the  Georgia  section,  gives  a  slightly  greater 
thickness,  and  more  arenaceous  matter  in  the  limestone  series  beneath 
the  Georgia  shales.  The  limestones  are  here  1,170  feet  in  thickness  and 
the  Georgia  shales  1,(K>0  feet,  above  which  there  is  apparently  a  con- 
formable series  of  calcareous  sandstones,  with  a  thickness  of  850  feet,  to 
where  they  tare  cut  off  by  a  fault  line.  A  section  measured  east  of  tlie 
village  of  Swan  ton,  does  not  show  as  great  a  thickness  of  the  limestone 
beneath  the  Georgia  shale,  and  a  fault  line  cuts  obliquely  across  the 
shale.  On  the  east  side  of  the  fault  200  or  300  feet  of  shales  occur,  and 
many  layers  of  conglomerate  limestone,  the  fragments  of  limestone 
varying  in  size  from  small  pebbles  to  masses  G  feet  in  diameter.    The 
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fossils  in  the  limestone  conglomerate  have  an  Upper  Cambrian  aspect, 
and  inclnde  Lingula  sp.  f ,  Agnostus  spJy  Amphion  spJ^  iBathyurus  «p.  f 
Below  the  horizon  of  the  conglomerate  and  in  sita  in  the  shales,  there 
were  found  the  genera  Lingulella,  Agnostas,  Ptychoparia  and  Solenop- 
leura.  With  the  exception  of  the  Solenoplenra  the  species  appear  to  be 
identical  with  those  of  the  limestone  lentile  (9)  of  the  Georgia  sectioD. 
A  section  measured  east  of  Swanton  by  Sir  William  E.  Logan  gave  but 
520  feet  of  the  limestone  (Red  Sandrock)  series.^  Bat  farther  to  the 
north,  noiirly  on  the  line  of  the  Canadian  boundary,  he  found  1,410  feet 
of  limestone  in  the  section,  proving  that  this  portion  of  Cambrian  ter 
rane  thickens  rapidly  to  the  north. 

Tb'^  section  measured  in  the  town  of  Georgia  is  the  most  complete  yet 
taken  in  Vermont  (ante.,  pp.  278, 279).  At  the  base  a  great  belt  of  dolo- 
mitic  limestone  1,000  feet  in  thickness  rests  against,  and,  by  an  overthmst 
fault,  overlaps  the  Trenton  limestone  of  the  Lower  Silurian  (Ordovician). 
W  hat  was  origi  nally  beneath  the  Cambrian  limestone  is  yet  undetermined. 
In  the  Highgate  section  the  limestone  belt  is  nearly  1,200  feet  thick.  The 
base  is  unknown,  and  it  does  not  appear,  so  far  as  I  know,  in  the  sectiou 
between  the  boundary  of  the  United  States  and  Canada  and  the  oat- 
crop  in  the  town  of  Georgia.  I  have  suggested  that  the  great  mass  of 
shaly  argiUite  east  of  the  Vermont  Central  Bail  way  track  in  the  (Georgia 
sectiou  may  be  older  than  the  limestone  at  the  base  of  the  section,  but 
until  further  evidence  is  obtained  this  is  merely  conjectural.* 

During  the  field  season  of  1890  I  studied  the  <^Bed  Sandrock"  series 
of  the  Georgia  section,  and  found  a  little  to  the  south  and  at  the  base 
of  the  original  section  that  there  was  a  band  of  buff-colored  calcareous 
sandstone  some  50  feet  in  thickness.  In  the  upper  beds  of  this,  Obo- 
lella,  like  OboMla  crassa,  Hyolithes  americanusy  H.  communis^  R.  sp. 
uudt.,  HyolithelUis  micann^  and  fragments  of  Glen  ell  us  occur.  Inalead- 
colored  maguesian  limestone,  passing  into  a  buff-colored  limestone  15 
feet  above  the  sandstone,  fragments  of  Oleuellus  and  the  head  of  Pty- 
choparia,  apparently  identical  with  P.  trilineata,  were  found,  and  in  the 
superjacent  pinkish  niagnesian  limestone  with  interbedded  drab-colored 
liniostoue,  at  horizons  of  85  feet,  113  feet,  and  198  feet  above  the  sand- 
stone, fragments  of  fossils  that  1  recognized  as  portions  of  Glenellus  and 
very  perfect  si)ecimeus  of  Salterella  sp.f  occur  in  the  decomposed  sili- 
cious  limestones. 

The  discovery  of  the  Glenellus  fauna  in  the  lower  portion  of  this  mag- 
nesian  limestone  series  gives  the  fauna  a  range  through  1,000  feet  of 
limestone  and  the  250  feet  of  superjacent  Georgia  shale. 

The  fragments  and  heads  of  the  genus  Oleuellus  that  were  f(»und  in  the 
lower  beds  were  not  sutHcient  to  determine  whether  it  was  the  equiva- 
lent of  the  OlenelluH  asaphoides  of  the  Washington  County  section  or  not. 

'  <;t'f)l(>«;ic:il  Survey  of  Canada:  Keport  of  projjross  from  ite  commencoiuent  to  186:{.  MuntN«l. 
18«:j.  p.  2«l. 

nViik-utt,  C.I>. :  Svuoiid  contribution  to  the  Htudioa  of  the  Cambriftn  fauiUM  of  North  Amerio*. 
U.  a.  GeoL  Sui-v.,  Bull  No.  iU,  Wtitt,  y.  19. 
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It  is  quite  probable  that  it  is,  from  the  character  of  the  nsRociated 
I'oMsiis.  As  the  vertical  distribution  of  the  faana  in  the  Olenelius  zone 
will  be  treated  of  in  a  ftatnre  paper,  further  reference  will  not  be  made 
to  it  at  present. 

The  shales  and  slates  superjacent  to  the  Olenellus-bearing  beds  of 
the  Georgia  slate,  at  Parker's  quarry,  do  not  apparently  belong  to  the 
Lower  Cambrian,  but  are  the  representative  of  the  middle  i)ortiou  of 
the  Oambrian  section.  This  view  was  advanced  by  Prof.  Jules  Marcou, 
in  1885,^  except  that  he  placed  the  same  series  of  shales  which  occurs 
at  St.  Albans  beneath  the  Georgia  slates  or  Olenelius  zone.  The  stratig- 
raphy was  erroneous,  but  the  suggestion  that  the  St.  Albans  slates  cor- 
respond to  the  Paradoxides  belt  of  the  Atlantic  Coast  area  will  proba- 
bly be  found  to  be  correct.  In  such  an  event  Professor  Marcou's  name 
St.  Albans  will  be  a  usefiil  addition  to  the  nomenclature  of  the  Cam- 
brian group  in  northern  Vermont.  It  will,  however,  be  difficult  to  differ- 
entiate between  the  St.  Albans  group  and  the  superjacent  beds  carrying 
the  Upper  Cambrian  fauna. 

In  the  group  of  sections  taken  across  ISew  Hampshire  and  Vermont 
by  Prof.  C.  H.  Hitehcock'  the  Georgia  series  is  called  Potsdam  and 
Cambrian ;  and  in  section  xi,  on  PL  17,  the  Georgia  shales  (Cambrian 
of  section)  are  represented  as  resting  conformably  on  the  magnesian 
limestone  (Potsdam  of  section)  in  the  town  of  Milton.  This  is  the  same 
as  in  the  Georgia  section  a  few  miles  to  the  north.  The  great  mass  of 
argillites,  ('.ast  of  the  railroad  track  in  the  Georgia  section,  are  placed 

* 

under  the  term  Cambrian  by  Prof.  Hitchcock,  and  the  reference  may 
I)Ossibly  be  correct ;  but  as  yet  there  have  not  been  any  recognized 
Cambrian  fossils  obtained  in  it,  either  at  this  point  or  to  the  north  or 
south. 

In  southern  Vermont  the  Georgia  slate  series  widens  out,  and  includes 
the  great  rooiiug-slate  belt  that  extends  through  Kutland  County  and 
into  Washington  County,  Xew  York.  The  outcrop  of  this  series  is  nar- 
row in  the  south  part  of  Washington  County,  but  it  widens  rapidly  in 
Eensselaer  County,  occupying  nearly  the  entire  width  of  the  county  at 
its  southern  boundary.  At  it-s  greatest  point  of  development  in  Wash- 
ington County  it  consists  of  the  following  strata,  as  shown  in  a  section 
crossing  the  county  in  the  towns  of  Greenwich  and  Salem,  with  its  base 
1^  miles  west  of  North  Greenwich  post-office: 

Feet 

(1)  MasHive  layers  of  in)])nro,  shaly  linieBtoiie  oinbcMlded  in  irregular  argillacoo- 

aronaccoiiH  Hliale,  with  nuinorous  fossils  of  the  OlonelhiH  faima  iu  the 
liniostone : 340 

(2)  Massive  layers  of  tine-p^ralncd,  bluish  gray,  aronacoous  limestone,  that  be- 

come almost  a  pure  limestone  in  places 670 

About  halfway  of  tlu^  mass  LingulcUu  caJata^  JfyolithelluH  micansj  aud 
Lvperditia  dermatoidcH  occur. 


>  Tlif«  Taconio  Syatcm  nnd  its  position  in  Htratif^raphic  ^iM>lu{;y.  Am.  Acad.  I'ruc,  vuL  2(i,  1885,  tabic 
on  p.  224. 

'G<M>lo|^cal  sections  across  Vermont  and  New  IIumpBhire.  Am.  Mas.  Nat.  Hist.,  Bull.,  vul.  1, 1884« 
pis.  10, 17. 
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Feet 

(3)  Shaly  limestone  in  maHsive  layers;  ;tfgillaceoutt  shales  interbedded  in  the 

layers ........      390 

(4)  Calcareoos,  argillaceous  shales,  in  masslye  layers,  with  interbedded  arenft- 

ceons  limestones  below,  and  passing  into  an  argillaoeons  shale  aboTB.. .      840 

(5)  Dark,  argillaoeons,  and  arenaceous  shales  becoming  fissile  in  places ;  occa- 

sional layers  of  a  hard,  gritty  limestone  1  or  2  inches  thick  occar  at 
Yarions  horizons.  Near  the  somniit  of  this  section  HgoUtket  asMricaaaw, 
Microdi$cH9  pulckelluSf  OletuUusaMapkoidet^  and  Canoeargphe  trilim^mtm  occnr 
near  the  roadside.    This  is  the  trilobite  bed  from  which  the  original 

specimens  described  by  Dr.  Emmons  were  obtained 370 

The  section  to  this  point  gives  a  total  of  2,600  feet,  and  is  considered 
Division  A  of  the  section. 

(6)  Compact,  steel-gray,  massive-bedded  argillaeeo-argillaoeons  shale,  breaking 

into  irregular  fragments,  and  weathering  a  rnst-brown  color.  ...•• 8,900 

At  a  point  1,300  feet  np  in  this  I  found  Sienoikeea  rmgoHk^  Hgolitket  asMr- 
icanuMf  and  fragments  of  Olenellu$  a9aph0ide$.  At  2, 100  feet  np  fragments 
of  Olenellus  occur  in  a  stratum  of  calciferous  shale. 

(7)  Massive  beds  of  a  thinly  banded,  cherty,  and  argillaoeons  rock,  capped  by 

a  band  of  calciferous  sandrock 400 

(8)  Argillaceous  shale,  more  or  less  arenaceous  and  calcareous  throughout  its 

extent 2,400 

(9)  Calciferous  sandrock,  light  colored,  weathering  to  a  reddish  brown,  crum- 

bling sandy  rock.  This  is  embedded  in  a  calcareo-argillaeeons  rock,  that 
breaks  into  angular  fragment  of  a  shaly  character.  The  only  fossils  ob- 
served were  Oholella  era$$ay  Hyolithes,  fragments  uf  Olenellus,  on  the 
decomposed  surfaces  of  the  more  calciferous  layers 900 

( 10)  ArgiUaceous  and  arenaceous  shales,  much  like  those  of  Nos.  8  and  9,  with 

bands  of  bluish  gray,  evenly  bedded,  and  conglomerate  limestone  carry- 
ing fossils.  As  shown  in  the  section,  this  division  appears  to  have  a  thick- 
ness of  4,500  feet ;  bat  it  is  assanied  that  there  is  much  repetition  by 
faulting,  so  that  it  is  given  a  thickness  of  2,250  feet 2,250 

The  combined  thickness  of  the  section  to  this  point  is  10,750  feet.  Its 
continuity  is  here  broken  by  a  fault,  that  brings  the  rocks  of  the  Hud- 
son (!)  terrane  against  it  and  between  it  and  the  purple  and  green  slates 
that  form  a  large  portion  of  the  Cambrian  section  east  of  the  rocks  of 
the  Hudson  (?)  terrane.  The  section  is  a^ain  taken  up  on  the  east  side 
of  Salem  Village,  at  the  base  of  the  green  and  purple  slates  and  inter- 
bedded limestones,  carrying  characteristic  Lower  Cambrian  fossils  of 
the  Olenellus  fauna. 

Feet 

(11)  Green,  purple,  and  higher  up,  gray  and  dark  shales  and  slates  and  inter- 

bedded limestones,  in  very  thin  layers 2,500 

(12)  Noufossiliferons  green  and  purple  slates 2,  l.'iO 

In  the  towuHhip  of  Hampton  to  the  north,  the  green  and  purple  slates 
appear  to  have  a  thickness  of  4,300  feet ;  and  2  miles  north  of  that  point 
there  are  over  5,1)00  feet  of  these  l>e(l.s,  if  no  repetition  occurs. 

The  lower  portion  of  this  division  is  characterized  by  the  Olenellns 
fauna  in  association  with  some  other  species  that  indicate  the  Middle 
Cambrian  zone.  The  entire  thickness  of  the  lower  and  upper  divisions, 
according  to  the  section,  is  15,;i50  feet. 

(13)  Above  the  green  and  purple  slate  belt  is  a  series  of  greenish,  schistose, 

hydro-mica  slates,  estimated  to  have  a  thickness  of  3,700  feet.  They  are 
not  fossiliferous,  and  appear  to  pass  beneath  the  limestones  characterized 
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by  the  Chazy-Trenton  fanna.  I  have  referred  them  to  the  Potsdam  zone 
provisionally  J  If  this  reforence  be  oorreet  and  the  rooks  in  the  section 
are  not  duplicated  by  fiinltinff,  the  Cambrian  system  has  a  thickness  of 
19,000  feet,  in  Washinjirton  Connty. 

This  section  may  be  greater  than  the  actaal  thickness  of  the  sedi- 
ments deposited  in  this  region  daring  Cambrian  time.  The  npper  3,700 
feet  of  greenish,  hydro-mica  shales  probably  do  not  belong  to  the 
Cambrian,  and  there  may  be  some  reduplication  in  the  section  as  meas- 
nred.  Eliminating  the  probable  sonrces  of  error,  I  think  there  is  at 
the  least  from  10,000  to  12,000 feet  of  strata  that  may  be  referred  to  the 
Cambrian  group.       ' 

A  section  35  miles  to  the  south,  across  the  extension  of  this  series, 
exhibits  a  great  development  of  the  shaly  portion  similar  to  that  in  the 
lower  x)art  of  the  Washington  County  section,  that  passes  above  into 
the  red  and  purple  slate  belt  In  this  section  the  upper  member 
of  the  Washington  County  section  is  apparently  represented  by  a 
coarse,  greenish  sandstone,  and  in  places  a  fine  conglomerate. .  At  the 
base  of  this  formation  the  red  and  green  shales  are  intei'bedded  with 
the  sandstone,  the  passage  from  the  slates  to  the  sandstone  being  by 
intercalation  of  sand  and  slate  for  a  distance  of  several  hundred  feet,  the 
Hlate  gradually  diminishing  in  volume  as  the  intercalation  of  the  sand- 
Htone  increases.  The  sandstone  is  estimated  to  have  a  thickness  of  2,000 
feet  or  more,  and  it  corresponds  in  stratigraphic  position,  and  is  on  the 
strike  of  the  3,700  feet  of  greenish  hydro-mica  schistose  shales  of  the 
Washington  County  section.  The  recent  work  of  Mr.  T.  Nelson  Dale 
proves  this  series  (Berlin  grit)  to  be  of  Lower  Silurian  (Ordovician)  age, 
and  indicates  that  the  series  of  green  and  purple  slates  beneath  may 
represent  the  base  of  the  Lower  Silurian  (Ordovician)  and  the  summit  of 
the  Cambrian. 

Our  knowledge  of  the  rocks  of  the  Cambrian  group  in  their  southern 
extension  into  Dutchess  County,  New  York,  is  obtained  from  the  obser- 
vations of  Prof.  Wm.  B.  Dwight.  The  base  of  the  series  is  the  "  Gran- 
ular Quartz"  of  Stissing  Mountain,  that  had  been  referred  to  the 
Potsdam  zone  by  Profs,  W.  W.  Mather,  J.  D.  Dana,  and  others.  Occur- 
ring between  the  gneiss  of  Stissing  Mountain  and  the  superjacent  lime- 
stone carrying  the  Calciferous  fauna,  it  was  natural  that  this  should  be 
correlated  with  the  Potsdam  sandstone  about  the  Adirondacks ;  and  it 
was  not  until  the  fall  of  1886  that  fossils  of  the  Lower  Cambrian  or 
Olenellus  zone  were  found  in  the  quartzite,  and  in  the  limestone  resting 
upon  the  quartzite.*  Prior  to  this  Prof.  Dwight  had  discovered  in  the 
more  or  less  arenaceous  limestone  and  argillaceous  shaly  limestone 
near  Poughkeepsie  the  presence  of  the  Potsdam  or  Upper  Cambrian 

'  W;ilcott.,  C.  D.:  The  Taconio  System  of  EmmonB  and  the  use  of  the  name  Taconic  in  geologic 
noruenclaturo.     Am.  Jonr.  Sci.,  3d  der.,  vol.  35. 1888,  p.  241. 

'  Dwif^ht,  W.  B. :  Primordial  rocks  of  the  Wappin^er  Valley  limestoncfi  and  assoriate  strata* 
Vassar  Brothers  Inst.  Trans.,  vol  4, 1887,  pp.  206-214.     Am.  Jour.  Soi.,  3d  ser.,  vol.  34, 1887,  pp,  27-32. 
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fauTia.^  It  includes  TAngulepis  acumviata.  Obelella  prtmaj  Ptychoparia 
calcifera^  and  P.  saratogerms^  species  identical  with  those  foaml  at  the 
upi>er  horizon  of  the  Potsdam  in  association  with  Dikelocephalns  of 
Saratoga  County,  New  York.  Subsequently  he  discovered  in  the  lime- 
stone above  the  quartzite,  at  the  south  end  of  Stissing  Mountain,  fossils 
that  indicated  the  Middle  Cambrian  or  Paradoxides  zone.  The  species 
are  Hyoliihea  billingsitj  Leperditia  ebeninay  Kutorgina  sHssingenHSj  and 
Olejioides  stisHftgensis, 

The  stratigcaphic  succession  is  more  or  less  interrupted  by  faults  and 
the  rocks  are  masked  by  the  drift  deposits.  The  succession  as  deter- 
mined by  the  known  stratigraphy,  and  the  fauna  is,  first,  at  the  base  a 
massive  bedded  quartzite,  resting  upon  the  gneiss  below,  and  subjacent 
to  a  bed  of  hard,  compact  limestone.  In  the  quartzite  the  Olenellus 
fauna  has  been  found,  and  in  the  bed  of  limestone  immediately  super- 
jacent to  it  one  of  the  characteristic  fossils  of  the  Lower  Cambrian 
fauna,  Hyolithellus  micans  occurs.  In  the  superjacent  limestone,  the 
thickness  of  which  could  not  well  be  determined  but  which  appears 
to  be  considerable,  the  Middle  Cambrian  fauna  was  found  in  an  are- 
naceous limestone,  passing  frequently  into  a  calcareous  shale ;  and  in 
the  vicinity  of  Poughkeepsie  the  Upper  Cambrian  fauna  occurs  iu  a 
somewhat  similar  limestone. 

The  contrast  of  the  sedimentation  of  this  section  with  that  of  Wash- 
ington County  is  very  striking.  In  the  latter,  the  quartzite  of  Stissing 
Mountain  is  represented  by  the  great  thickness  of  shales,  and  inter- 
bedded  limestones,  slates,  and  sandstones;  and  the  limestone  of  the 
Middle  and  Upper  Cambrian  of  the  Dutchess  County  section  are  entirely 
replaced  by  slates,  scbists,  and  sandstones,  both  in  Rensselaer  and 
Washington  Counties.  Tbis  difference  in  sedimentJition  is  shown  all 
along  the  northern  Appalachian  Province  from  Dutchess  County  to  the 
Canadian  border,  and  on  to  Quebec  and  down  the  St.  Lawrence  River 
to  Cape  Rosier.  It  represents  the  accumulation  of  sediments  in  a  grad- 
ually sinking  area  and  in  a  relatively  shallow  sea.  It  is  a  curious  fact 
that  near  the  old  shore  line  the  basal  sandstone,  "Granular  Quarts" 
of  the  Lower  Cambrian  is  almost  directly  succeeded  by  the  massive 
limestones  of  the  "  Marble  "  belt.  Unless  there  is  here  an  area  of  non- 
deposition,  the  lower  j)ortion  of  the  limestones  of  Berkshire  County, 
Massachusetts,  Rutland  and  Addison  Counties,  Vermont,  represent  the 
sedimentation  of  Middle  and  Lower  Cambrian  time. 

The  preceding  paragraph  was  ^v^itten  several  months  prior  to  the 
discovery  of  Cambrian  fossils  in  the  limestones  of  the  East  Rutland 
Valley  by  Dr.  Wolff,  in  1890. 


'  Discovory  of  fosdiliforoaa  Potsdam  strata  at  PouKlikeo[>8i«!,  N.  Y.  Am.  A8.s«>c.  Proc,,  vol.  34, 1W?6. 
pp.  204  200. 

*  Ker«'nt  explorations  on  the  Wappinjjcr  Vall(\v  liniesrono  of  Dutchess  Connty,  New  Y(»rk  .  Xo.5 
<Ii.scovery  of  fossiliferou.s  Potsdam  strata  at  Poiiirhkoopsio,  N.  Y.  Am.  Jour.Sci.,3d  ser.,  vuLSl, 
188G,  pp.  12:^-133.    Yaaaac  Uro.lxkA\«,Tta^\xft.,  voL  4, 1887,  pp.  iaO-141« 
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CANADIAN  BXTBNSION. 

The  Oanadian  extenfidon  of  the  northern  Appalachian  district  is  from 
the  United  States  boundary  northeast  to  the  vicinity  of  Point  Levis, 
Qaebec,  on  the  western  side  of  the  extension  of  the  Green  Mountains, 
or  Sutton  Mountain  anticlinal,  and  firom  Quebec  down  the  south  shore 
of  the  St  Lawi-ence  Biver  to  Gape  Bosier,  Oasp^.  On  the  eastern  side 
of  the  anticlinal  the  supposed  Oambrian  rocks  of  New  Hampshire,  cross- 
ing the  southeastern  portion  of  the  Province  of  Quebec  to  the  Maine 
boundary,  are  also  included. 

The  stratigraphic  succession  of  the  rocks  referred  to  the  Cambrian  in 
the  eastern  Province  of  Qaebec  and  down  the  St.  Lawrence  Eiver  to 
Cape  Rosier  is  not  yet  clearly  determined,  owing  to  the  faulting,  plica- 
tion, and  absence  of  clearly  defined  Cambrian  faunas  in  situ  in  the 
strata.  In  the  vicinity  of  Quebec,  on  the  authority  of  Dr.  B.  W.  Ells, 
the  stratigraphic  succession  is  as  follows :  ^ 

(1)  Black,  green,  and  gray  shaLes,  with  hard  and  heavy  bands  of  grayish,  some- 
timee  yellowish  white,  qnartzose  sandstone,  which  are  thickest  in  tho  lower  portion, 
and  with  occasional  thin  bands  of  limestone  conglomerate,  tho  pebbles  being  gener- 
ally small  and  the  paste  highly  qnartzose.  The  quartzites  have  occasional  scattered 
pebbles  of  grayish  limestone. 

(2)  Greenish,  i^rayish,  and  blackish,  with  occasionally  dark-reddish  or  pnqilish- 
tiut-ed  shales,  with  bands  of  hard  grayish  sandstone,  generally  fiue-graiued,  and  in 
thickness  from  1  inch  to  1  foot,  the  massive  quartzites  being  absent  and  many  of 
the  greenish  layers  being  covered  with  facoidal  markings,  well  seen  on  the  shore 
above  Cape  Eonge  and  in  the  catting  along  the  road  above  that  village. 

(3)  Bright  red  shales,  often  with  thin  greenish  or  grayish  bauds,  which  iu  places 
are  calcareous.  The  rocks  on  a  smoothed  surface  have  a  striped  rod  and  green  aspect; 
in  the  upper  part  occasional  beds  of  a  foot  or  more  of  hard  green-gray  sandstone 
occur. 

(4)  lied,  greenish  gray  and  black  shales,  with  interst ratified  masses,  often  lentic- 
ular, of  greenish  and  grayish  Sillery  sandstone,  ranging  in  thickness  from  2  feet 
upward,  in  which  the  Sillery  quarries  are  locate<l.  This  is  tho  typical  Sillery  sand- 
stone, which  ranges  from  a  fine-grained  homogeneous  rock  to  a  fine  (jnartz  conglom- 
erate, much  of  the  rock  being  characterized  by  the  presence  of  small  llaky  pieces  of 
shale  and  scattered  small  pebbles  or  large  grains  of  clear  quartz,  the  bands  of  sand- 
stone being  separated  by  partings  of  various  colored  shale.  The  local  and  lenticular 
character  of  tho  sandstone  is  well  seen  in  the  Sillery  section,  some  of  the  heaviest 
beds  inland  thinning  out  before  reaching  the  shore  in  either  direction.  In  the  upper 
part,  at  Sillery  church,  OboJella  pretioaa  occurs,  from  which  point  an  anticlinal 
crosses  the  river  to  Point  Levis,  and  appears  in  the  clilfs  at  tho  Victoria  hotel,  where 
the  same  Obolella  is  found. 

Above  the  Upper  Sillery  Dr.  Ells  places  the  Levis  shales  and  con- 
glomerates of  Levis  City,  the  shore  extension  below  South  Quebec  and 
St.  Joseph  and  the  west  end  of  Orleans  Island.  In  the  Levis  shales, 
the  conglomerate  limestone,  embedded  in  a  (jalcarooua  matrix,  carries 
numerous  bowlders  in  which  the  Upper  Oambrifin  fauna  is  found  ;  and 
in  what  is  supposed  to  be  the  equivalent  of  Ko.  2,  a  conglomerate  lime- 


>  Second  ropoit  on  the  geolo>;y  of  a  portion  of  the   Province  of  Quebec    GeoL  Snrv. Canada,  new 
■sr.,  ToL  3,  part  2,  1889,  p]>.  83  k,  8AK. 
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stoue  occurs  in  which  the  Olenellus  or  Lower  Gambriau  fauna  is  pres- 
ent. The  thickness  of  the  strata  referred  to  the  Cambrian  is  not  given 
by  Dr.  Ells  in  his  publication,  but  he  told  me  that  the  measurements 
given  by  Mr.  Logan  were  as  nearly  correct  as  could  be  determined. 
These  were  5,000  to  6,000  feet  for  the  Sillery  and  Lauzon  series. 

The  little  shell  Obolella  pretioiia  ranges  through  from  1,500  to  2,0(10 
feet  of  the  Upper  Sillery ;  and  the  lower  or  Olenellus  fauna  conglomer- 
ate occars  in  the  lower  portion  of  this  range. 

Dr.  Ells  refers  the  entire  Sillery  series  to  the  Cambrian,  and  in  this 
I  mainly  agree  with  him,  except  that  the  upper  portion  is  evidently  a 
passage  formation  between  the  Cambrian  and  Silurian  (Ordovician). 
On  lithologic  and  stratigraphic  evidence  the  line  would  be  drawn  at  tbe 
summit  ot  the  red  shale ;  on  paleontologic  evidence,  as  furnished  by  the 
Graptolites,  I  would  include  the  upper  portion  of  the  Sillery  red  aud 
green  shales  in  the  Silurian  (Ordovician),  as  I  think  they  are  above  tbe 
typical  Potsdam  zone  of  America.* 

The  strata  doubtfully  referred  to  the  Cambrian  group  between  Que. 
bee  and  Cape  Rosier,  on  the  south  shore  of  the  St.  Lawrence  Biver,  have 
already  been  described  in  the  notice  of  the  work  of  Mr.  James  Richard- 
son, reported  upon  by  him  in  1870.  (Ante.,  pp.  118,  119.)  As  tLey 
may  or  may  not  be  of  Cambrian  age,  no  further  description  will  be  giveD. 

The  strata  referred  to  the  Cambrian  on  the  western  side  of  the  Sut- 
ton Mountain  anticlinal,  or  the  belt  extending  southeasterly  from  Que- 
bec to  the  Vermont  boundary,  are  described  by  Drs.  Selwyn  and  Ells 
as  consisting  for  the  most  part  of  hard  quartzites  intcrstratified  with 
mica-schists  aud  black  slates.  All  of  this  series,  as  described  by  them 
is  unconformably  overlapped  by  the  Sillery  red  slates,  conglomerates^ 
and  sandstones.  Limited  outcrops  of  grayish  subcrystalline  limestoues 
are  found  occasionally  in  association  with  the  black  slates  and  quartz 
ites. 

The  volcanic  portion  of  the  Cambrian,  or  group  No.  2  of  Dr.  Selwyn,* 
presents  a  great  varietj^  of  crystalline,  subcrystalline,  and  altered  rocks, 
including  "coarse,  thick-bedded,  feldspathic,  chloritic,  epidotic,  and 
quartzose  sandstones,  red,  gray,  and  greenish  siliceous  slates  and  argil- 
lites,  great  masses  of  dioritic,  epidotic  and  serpen tinous  breccias,  and 
agglomerates,  diorites,  dolorites,  aud  amygdaloides,  holding  copper  ore; 
serpentines,  felsites,  and  some  fine-grained  granitic  and  gneissic  rocks, 
also  crystalline  dolomites  and  calcites.  Much  of  the  division,  especially 
on  the  southeastern  side  of  the  axis,  is  locally  made  up  of  altered  vol- 
canic products,  both  intrusive  and  intcrstratified,  the  latter  being  clearly 
of  contemporaneous  origin  with  the  associated  sandstones  and  slates.'^ 

As  far  as  known  this  zone  has  not  aflbrded  any  fossils.     Dr.  Selwyn 


*  Walcott.  C.  D, :  A  review  of  Dr.  R.  \V.  Ella's  8econ«l  report  on  the  geoloffj'  ol"  a  portion  of  tlio  Ppot- 
iiicc  of  Quebec,  with  additional  notes  on  the  "Quebo*.'  group."  Am.  Joar.  Sci.,  3<I  ser.,  ToL.t9,l^ 
p.  113. 

'Ki'p(Mt  ot'obHervvilumR  ou\A\e  nlT«.U?;ravhy  of  the  Quebec  proup  and  the  older  crystalline  rocks  of 
Cauudu.    Gcol.  Sarv.  Canada ;  K^ipotX  ol  v^o\£c^wA^'^-^S\^,\iA^^V^«^A.,6A» 


WALCOTT.]  SUMICABT — NEW  JEBSEY.  287 

thinks  that  if  foand  they  would  indicate  a  lower  horizon  than  the  Levis 
formation,  probably  not  far  removed  from  the  St.  John  group  and  At- 
lantic Goast  series  of  Nova  Scotia,  or  Lower  Cambrian.  Details  of  the 
lithologic  and  stratigraphio  features  of  the  strata  referred  to  the  Cam- 
brian and  their  geographic  distribntion  may  be  found  in  the  reports 
by  Dr.  Ells  on  the  Eastern  Townships  of  the  Province  of  Qaebec.^ 

SOITTHSBN  APPALACHIAK  DISTRICT. 

The  Southern  Appalachian  District  includes  the  outcrops  of  strata 
referred  to  formations  of  the  Cambrian  group  in  northern  and  central 
New  Jersey,  southeastern  and  southern  central  Pennsylvania,  western 
Maryland,  Virginia,  and  North  Carolina,  eastern  Tennessee,  northwest- 
ern Georgia,  and  northeastern  Alabama. 

NBW  JKR8BT. 

As  far  as  known  the  rocks  of  New  Jersey  referred  to  the  Cambrian 
are  found  in  the  northern  central  portion  as  outcrops  of  a  nonfossil- 
iferous  sandstone  resting  upon  Archean  gneiss  and  subjacent  to  a  Mag-- 
nesian  limestone  that  has  been  referred  to  the  Calciferous  zone  of  the 
New  York  section.    The  greatest  thickness  assigned  to  it  is  20  feet. 

The  correlation  with  the  Potsdam  sandstone  of  New  York  is  based 
entirely  upon  the  lithologic  characters  of  the  sandstone  and  its  strati- 
graphic  position.  There  is  no  positive  evidence  of  its  being  the  equiv- 
alent of  the  Potsdam  sandstone  of  New  York.  It  mav  be  Lower,  Mi<l- 
die,  or  Upper  Cambrian,  and  possibly  of  Calciferous  age.  From  the 
stratigraphio  conditions  to  the  north  and  south  it  will  probably  be 
found  to  be  of  Lower  Cambrian  age,  or  the  equivalent  of  the  "Gran- 
ular Quartz "  of  New  York  and  Vermont.  The  lower  portion  of  the 
limestone  series  may  be  of  Cambrian  age,  as  in  Dutchess  County, 
New  York. 

Among  the  papers  presented  to  the  Geological  Society  of  America 
at  its  second  annual  meeting,  December  31,  1890,  was  one  by  Prof. 
Frank  L.  Nason  on  "The  post- Archean  Age  of  the  AVhite  limestones 
of  Sussex  County,  New  Jersey,'^  in  which  he  describes  the  discovery  of 
the  Olenellus  fauna  in  the  lower  Primal  sandstone  of  liogers  that  rests 
unconformably  upon  the  pre-Cambrian  rocks.  He  said  also  that  fossils 
(Obolella  or  Lingulella)  extended  up  into  the  supeijacent  limestone. 

In  Prof.  Nason's  collection  I  recognized  Olenellus  thompsonij  Obolella 
or  Lingulella  sp.?,  and  the  cast  of  a  coral-like  organism  that  is  prob- 
ably a  species  of  Ethmophyllum.  These  were  found  at  Hardiston- 
ville  and  Franklin  Furnace,  Sussex  County,  New  Jersey. 

» Second  report  on  the  ireology  of  a  portion  of  the  ProvincMj  of  Quel>eo.  Geol.  Snrv.  Canada,  new 
BcrieH.  vol.  3,  1889,  pp.  1K-120K. 

Ki'port  on  the  geology  of  a  portion  of  the  Eaatem  Townships  of  Quebea  Geol.  Surr.  Canada,  188G, 
new  ser.,  vol.  2, 1887,  pp.  IJ-TOJ. 
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DELAWARE. 

Tbe  outcrop  of  the  sandstone  referred  to  the  <^  Potsdam  ^  in  north- 
westerD  Delaware  is  very  limited,  and  is  noted .  only  to  indicate  its 
occarronce  within  the  limits  of  the  State.^ 

PSNN8TLYANIA. 

The  rocks  referred  to  the  Cambrian  System  in  Pennsylvania  by  the 
latest  authorities  inclade  the  Primal  qoartzite  of  Profl  Bogers ;  and 
Prof.  Lesley  is  inclined  to  consider  the  sandstone  and  slate  of  the  South 
Mountain  proper  as  of  Cambrian  age.  The  line  of  oatcrop  of  tbe 
quartzite  extends  along  the  boundaries  of  the  various  Archean  areas 
from  the  Delaware  Biver  on  the  northeast,  in  Bucks,  Lehigh,  and 
Northampton  Counties,  southwesterly,  with  more  or  less  interruption, 
across  Berks,  Montgomery,  Chester,  Lancaster,  York,  and  Adams 
Counties,  to  the  Maryland  line.  Prof.  J.  P.  Lesley's  summary  is  as  fol- 
lows : 

The  lowest  Paleozoic  formation  in  Pennsylvania)  No.  1,  logically  identified  with  the 
Potsdam  sandstone  of  northern  New  York,  makes  its  appearance  along  the  edges  of 
the  limestone  No.  2  at  the  north  foot  of  the  Azoic  Mountain  Range  between  Bethlehem 
and  Reading  in  Lehigh  and  Berks  Comities;  in  Mnlbangh  Hill,  on  the  Lebanoa 
Coanty  line ;  in  Chicqnes  [^'Chickis"  of  Frazer]  Ridge,  on  the  Susqaeh anna,  above 
Columbia;  in  the  .Welsh  Mountain  in  northern  Chester,  and  in  the  North  Valley  Hill, 
which  stretches  for  60  miles  from  the  heart  of  Lancaster  to  the  Bucks-Montgomery 
county  Hue  north  of  the  city  of  Philadelphia.  Its  only  fossil  as  yet  discovered  is  a 
Scolithusj  but  its  position  next  beneath  the  Calciforons  limestone  is  too  well  marked 
to  admit  of  doubt.  Formerly  it  entirely  covered  the  mountain  districts  north  and 
south  of  the  Schuylkill  River,  because  it  still  spreads  in  sheets  upon  their  sides,  and 
in  many  places  makes  their  summits,  lying  uDconformably  upon  the  gneiss. 

The  South  Mountains  proper,  which  separate  Cumberland  from  York  and  Frank- 
lin from  Adams  County,  do  not  thus  exhibit  the  fuudanicntal  gneiss  covered  by 
a  coating  of  Potsdam,  but  are  composed  of  peculiar  saudstone  and  slate  strata  sev- 
eral thousand  foot  thick,  which  occupy  the  place  of  the  Potsdam  in  the  series,  but  can 
not  certainly  be  identified  with  it.  They  may  be  considered  the  eqnivaloots  of  the 
Ocoee  aud  Sewanoe  strata  of  east  Tennessee.  ♦  •  •  We  may  consider  our  South 
Mountain  rocks,  therefore,  those  lying  north  of  the  turnpike  fault,  as  of  Cambrian 
age.2 

The  sandstone  referred  to  the  Potsdam  in  Lehigh  and  Northampton 
Counties  is  described  by  Mr.  Frederick  Prime,  jr.,  as  "a  hard,  compact 
quartzite,  of  a  yellowish  color  where  weathered,  and  when  freshly  quar- 
ried of  a  grayish  tint.  •  •  •  The  thickness,  where  it  could  be  meas- 
ured, was  21  feet.^" 

The  (luartzite  varies  in  thickness  from  20  to  300  feet,  the  greater 
thickness  being  in  the  "Chickis"  section  of  Lancaster  County,  where, 
according  to  Dr.  Persifor  Frazer,  it  reaches  300  feet.    Southwest  of  the 

'  ('hcHtcr,  Frwlcrick  D. :  rreliminary  notes  on  the  peology  of  Delaware — Laarentian.  Paleozoic> and 
CrotaceouH  areas.    Phil.  Acad.  Sci.  Proc.,  vol.  36,  for  1884,  pp.  237-259. 

*  A  peolofjical  hand  atlas  of  the  sixty-seven  conntics  of  Pennsylvania,  embodying  the  reeults  of  tbe 
Add  work  of  the  survey  Iroiu  1H74  t<j  \S84.    Socoml  (ieol.Surv.  Pa.,X,  1H85,  pp.  xvi,  xvii. 

^Goology  of  Lehigh  aud  lSoTl\iikiupVoii  C^xxuUvi*^.    tiocoud  GeoL  Surv.  Pa.,  IP,  voL  1, 1883,  p.  205. 
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usqaehaniia  Biver  it  is  difficult  to  measaro  its  exact  thickness,  owing 
)  its  disturbed  conditioa.  Tiie  characters  of  the  sandstone  api)ear  to 
e  very  much  alike  throughout  the  State,  and  the  only  traces  of  organic 
amaius  found  are  the  straight,  vertical  tubes  of  Scolithus. 

Prof.  H.  D.  Kogers  referred  a  series  of  slates,  between  the  sandstone, 
%lled  Potsdam,and  the  base  of  the  superjacent  limestone  to  the  Primal 
eriod,  but  the  geologists  of  the  Second  Geological  Survey  consider  them 
s  belonging  to  the  limestone  series.  If  a  comparison  be  made  with  the 
'ennessee  sections,  where  the  schists  and  shales  between  the  quartzite 
nd  the  limestone  are  characterized  by  Cambrian  fossils,  this  series  of 
i^hists  will  certainly  be  referred  to  the  Cambrian,  as  it  is  subjacent  to 
lie  great  limestone  series  and  superjacent  to  thequartzitc.  According 
3  Prof.  Eogors,  the  highest  or  Primal  newer  slate  is  a  greenish  and 
luish  talcose  argilhiceous  slate,  sometimes  very  soft  and  shaly,  and 
as  a  thickness  of  about  700  feet.  Dr.  Frazer  refers  about  1,000  feet  of 
Hydromica  schist  "to  the  interval  between  the  quartzite  and  lime- 
tone  in  York  County.* 

The  upper  part  of  the  Primal  slates  does  not  appear  to  be  developed  to 
he  northeastward  in  Lehigh,  Northampton,  Bucks,  Montgomery,  Berks, 
nd  Chester  Counties.  It  first  appears  with  any  consi  derable  thickness 
1  Lancaster  County,  near  the  Susquehanna  River,  and  south  of  the 
uartzites  of  the  Chickis  Hills.  From  thence  it  extends  southwesterly, 
cross  York  and  Adams  Counties,  to  the  Maryland  line,  increasing  in 
liickness  in  Maryland  and  Virginia. 

As  a  whole,  the  Cambrian  System  in  Pennsylvania  appears  to  be  rep- 
Bsented  by  the  lower  quartzite  and  the  superjacent  shales  and  schists 
s  originally  defined  by  Prof.  Rogers,  and  it  may  bo  that  the  lower 
ortion  of  the  superjacent  limestone  will  be  included. 

In  a  letter  received  from  Prof.  Lesley,  dated  May  8,  1890,  he  says: 

KeadiDg  Ells's  paper  and  Brainerd  &  Beely'H  papor  in  Hull.  Geul.  iSoc.  America,  jast 
iibliHlitMl,  with  your  reinarksat  the  meeting,  I  naturally  reverted  to  my  South  Monn- 
lin  surveys  (20  years  ago)  east  of  Chamborsburgh,  Pennsylvania  (Fultou  and  Adams 
ounties),  and  the  strange  and  powerful  inipreasiou  made  on  me  then  by  the  outcrop 
f  a  low  ridge  of  purple  ahaleSf  running /rom  the  pike  southtcardf  just  hack  (east)  of  the 
esttrn  mountain  ridge,  I  uever  saw  anything  like  them,  and  feel  strongly  in- 
[inefl  to  consider  them  the  Sillery  purple  ehahn  (Cambrian)  of  the  North.  I  cau't 
ud  or  remember  any  description  of  this  outcrop  by  Frazer.  It  lies  in  Fultou  County, 
utside  the  Adams  County  line. 

MARYLAND. 

I  have  been  uuable  to  find  any  detailed  account  of  the  rocks  referred 
[)  the  Primal  series  of  Prof.  Rogers,  and  have  depended  upon  the  gen- 
ral  account  given  by  Prof.  P.  T.  Tyson  in  1860,  in  his  report  as  State 
gricultural  chemist.  His  description  is  short  and  will  be  quoted  in 
all: 

{Primal  of  Pennsylvania  survey.) — Potsdam  of  Nexo  York. — This  division  includes: 
(1)  A  hard  sandstone  made  up  of  grains  of  quartz,  with  occasionally  grains  of 

"General  notes.— Sketch  on  the  geology  of  York  County,  Pennsylvania.    Am.  Plid,So^.V^^*>^^ 
1, 1886,  p.  401. 

Bull,  31 Id 
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feldspar  and  kaolin.  The  silioeons  cement  seems  to  bave  completely  filled  np  the 
interstices  between  the  grains  so  as  to  giye  a  firm  compact  strncture  to  the  rock. 
Portions  of  this  rock  seem  to  bave  been  subjected  to  sacb  cbang^  as  to  render  it 
doubtful  whether  it  should  not  be  considered  a  granular  quartz  and  be  classed  among 
the  metamorphic  rocks.  Vegetable  life  seems  to  have  commenced  at  the  period  of 
the  formation  of  this  rock,  because  it  contains  fossilized  stems  of  plants. 

(2)  A  slate  varying  in  color  from  gray  to  brownish  and  greenish.  It  is  ranked  as 
an  argillite,  but  portions  of  it  assume  a  marked  talcose  appearance,  especiftlly  In  the 
Catoctin  Mountain  and  in  parts  of  Middle  town  Valley,  where  it  has  been  much  dis- 
turbed and  altered  by  proximity  to  intrusive  rocks.  These  lost  consist  of  amphibo- 
lites  (trap),  porphyries,  amygdaloid,  serpentine,  and  epidote.  This  last-named  rock  is 
extensively  developed  both  in  large  masses  and  intercalated  between  the  slates,  and 
has  largely  contributed  to  produce  the  highly  fertile  soils  of  Middletown  Valley. 

Approximate  measurements  of  the  thickness  of  these  strata  have  been  made  in 
New  York  and  Pennsylvania,  but  I  have  not  as  yet  been  able  to  obtain  reliable  in- 
formation upon  this  point  in  our  State.* 

From  this  description  and  the  geographic  distribation  of  the  Primal 
series  as  indicated  on  the  accompanying  iitap,  it  is  evident  that  the 
quartzite  of  South  Mountain,  Pennsylvania,  extends  nearly  north  and 
south,  across  Maryland,  and  that  the  slates  and  associated  eruptive 
rocks  which  form  the  main  mass  of  South  Mountain  are  included  by 
Prof.  Tyson  in  the  PriLmal  series.    In  the  sections  of  these  slates  and 
accompanying  rocks  in  Virginia  they  are  recognized  as  pre-Gambri«ao, 
and  it  is  very  probable  that  those  of  Maryland  and  north  into  South 
Mountain  of*  Pennsylvania  are  also  of  pre- Cambrian  age.    The  pres- 
ence of  the  upper  Primal  Slate  of  Bogers  between  the  quartzite  and  the 
Auroral  limestone  is  not  noted  by  Prof.  Tyson.    The  fossilized  stems  of 
plants  referred  to   are  probably  the  Scolltbus  borings  found  so  abuu 
dautly  in  the  sandrock  of  Pennsylvania  and  Virginia.     If  the  lower 
portion  of  the  limestone  series  of  Pennsylvania  is  of  Cambrian  age  it 
is  probable  that  the  extension  into  Maryland  is  the  same. 

VIRGINIA. 

Prof.  William  B.  Eogers's  description  of  the  geographic  distribution, 
stratigraphic  position,  and  character  of  the  strata  that  he  referred  to  the 
Primal  series,  has  been  proved  to  be  in  a  large  measure  essentially  cor- 
rect by  the  observations  of  geologists  who  have  more  recently  studied 
the  formations  referred  to  the  Cambrian  group.  He  described  forma- 
tion No.  1  as  consisting  in  tiie  most  part  of  a  close-grained  white  or 
light  gray  sandstone,  in  some  places  containing  beds  of  a  rather  coarse 
conglomerate  of  white  siliceous  pebbles.  Near  the  bottom,  in  many 
instances,  a  brownish  slaty  sandstone  occurs,  alternating  with  the  for 
mer,  whilst  toward  the  top  or  approaching  the  next  formation  the  sand- 
stone passes  into  reddish  and  brownish  and  olive-colored  argillaceons 
slates.  As  far  as  known  to  him  in  his  earlier  work  the  formation  in 
Virginia  was  exclusivel}'  conlined  to  the  western  slope  of  the  Blue 
Kidge  and  the  narrow  belt  of  rugged  hills  and  mountains  extending 


'  TvHon,  rbilUp  T. ;  ViTt^l  Tc\)ort  of  the  State  agricuUaral  chemist  uf  Maryland.    ▲]inap<dii,  IM 
p]).  34, 35. 
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theiico  to  the  commencement  of  the  Valley  limestone.^  At  some  later 
date,  however,  he  discovered  a  small  outcrop  of  the  Primal  series  on 
the  eastern  sloi)e  of  the  Blue  liidge,  in  Kockbridge  County,  and  draw 
it  in  on  section  9  of  the  plates  of  sections  published  in  connection  with 
*^  The  Virginias  "  in  1884.  The  Primal  sandstones  and  shales  are  rep- 
resented as  occupying  a  narrow,  deep  basin  on  the  eastern  slope  of  the 
Archean  rocks  of  the  Blue  Bidge.  In  this  beautiful  series  of  illustra- 
tions the  twenty  sections  crossing  the  Primal  scries  at  sul)equal  dis- 
tances  from  the  Potomac  Biver  to  the  Tennessee  line  illustnUe  very 
fiiUy  Prof.  Bogcrs^s  interpretation  of  the  geological  structure,  charac- 
ter, and  thickness  of  strata  forming  th3  Primal  scries. 

Prof.W.  M.  Fontaine  in  1875  supplemented  the  work  of  Prof.  Kogers 
by  a  detailed  description  of  the  sections  of  the  "  Primordial"  strata  at 
Balcony  Falls  in  Bockbridge  County,  Bockfish  Gap  in  Augusta  County, 
and  at  Harper's  Ferry  on  the  Potomac,  lie  concludes  that  the  entire 
thickness  of  the  Primordial  strata  at  Ear[>er's  Ferry  can  not  be  much 
over  1,000  feet,  and  that  they  are  composed  of  slaty  rocks,  similar  to 
the  variety  of  the  lowest  slate  seen  at  Bockfish  (lap,  and  a  sandstone 
which  much  resembles  some  of  the  quartzites  of  the  'ower  strata  of  the 
same  locality.  The  section  differs  from  that  of  Bockfish  Gap  and  Bal- 
cony Falls  in  the  absence  of  the  coarser  materials  and  the  succession 
of  shales  and  sandstones,  with  the  subjacent  conglomerate  that  rest  on 
the  Archean.  The  lower  argillites,  forming  the  main  portion  of  the 
ridge  and  which  Prof.  Bogers  included  in  his  Primal  series  in  section 
No.  li  accompanying  " The  Virginias,"  Prof.  Fontaine  refers  to  the 
Archean  ;  whether  of  Laurentian  or  Iluronian  age,  he  does  not  under- 
take to  decide.* 

At  the  second  annual  meeting  of  the  Geological  Society  of  America, 
at  Washington,  D.  C,  De<;eniber  31,  1800,  a  paper  was  rea<l  by  Messrs. 
M.  li.  Geiger  and  Arthur  Keith  on  the  structure  of  the  Blue  Bidge 
near  Harper's  Ferry. 

Several  sections,  taken  on  both  the  north  and  south  sides  of  the 
Potomac  Biver,  show  that  the  geologic  succession  at  the  base  is  a 
limestone  ui)on  which  rests  a  aeries  of  shales,  subjacent  to  a  <iuartzite 
which  corresponds  to  the  Medina  sandstone  of  the  sections  farther  to 
the  north  and  south.  This  section  is  the  one  described  by  Prof.  Bogers 
as  an  overturned  scciioHj  the  quartzite  corresponding  to  the  primal 
quartzites  of  the  Pennsylvania  section,  its  i)resent  position  being 
accounted  for  by  the  complete  overturning,  thus  reversing  the  section. 
The  authors  of  the  pai^er  mentioned  conclude  that  the  succession  is  a 
normal  one  from  the  pre-Paleozoic  rocks  through  the  limestone  an<l 

'  Srcond  n)i»ort  of  the  pro;jri»HH  of  ili(«  icelo^ical  »nrvoy  of  tb«  Stat<!  of  Virginia  for  the  .year  I8J7. 
];ii  liinond,  1K3^,  pp.  14, 15. 

<M'oIo>!y  of  the  Viri^iniuH,  1884,  pp.  1G7  160. 

lU>|H)rt  of  the  pro^ruHH  of  ihr  p<>loj;ica1  Biirvey  of  Viruiuiafor  I8:(8  (Kichinond,  IKi'J)  pp.  0,0-12. 
Goolo^y  of  the  VirKiniais  N.  Y.,  1H«4,  i»p.  107, 108,  'JOS-JiOO. 

'Uu  the  Primordial  strata  of  Yir^ioia.     Aid.  Jour.  Sci.,  3d  aer.,  vol.Q^ l^^,^. \s:b« 
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shale  to  the  sandstone.  The  basal  limestone  is  of  Galciferons — Chazy- 
Trenton  age;  the  shales  then  would  correspond  to  the  Lorraine  series, 
and  the  sandstone  to  the  Medina  series  of  the  New  York  section.  As 
as  far  known  this  is  the  ouly  break  in  the.  coutiuuity  of  the  oatcroi>8 
of  the  ^'  Granular  Quartz^"  where  a  quartzite  is  presenti  from  central 
Vermont  to  Alabama.  ^ 

At  Bockfish  Gap  the  massive  chloritic  argillites,  that  form  the  mass 
of  the  Blue  Kidge,  are  shown  in  unconformable  contact  with  the  lowest 
Primordial  strata.  The  Archean  argillites  are  firm  and  hard,  of  a  dark 
greenish  color,  and  present  a  strong  contrast  to  the  first  stratum  of  the 
Pnmordial  rocks,  the  line  of  junction  being  strongly  defined.  Sum- 
marized, Prof.  Fontaine's  description  of  the  section  is  as  follows,  begin- 
ning at  the  base : ' 

Feet 

(1)  Very  thinly  laminated  slates  or  cAiales 300 

(2)  On  the.side  next  to  (1),  the  layers  of  this  rock  in  color,  do  not  differ  moch 

from  (1)»  but  are  thicker  than  the  preceding  slates,  and  more  sandy.  The 
bedding  thickens,  and  the  amount  of  siliceous  matter  increases  to  the 
west,  until  a  fine-grained  white  kaolin  sandstone  is  the  result 75 

(3)  Conglomerate  of  brownish-red  color,  in  missive  layers  fh>m  5  to  6  feet 

tbickj  with  thin  seams  of  shaly  matter  hetween  several  of  the  layers. 
The  coarser  materials  are  rounded  grains  of  quartz  of  the  size  of  a  garden 
pea  and  under ;  inclosuresof  angular  fragments  of  the  slates  of  the  Blue 
Kidge  are  not  rare 60 

(4)  This  is  a  partially  concealed  interval  of  200  feet  in  which  the  rocks  are, 

when  seen,  kaolin  shales  and  kaolin  sandstone,  principally  the  former. 
To  the  west  of  this  is  a  band  of  kaolin  sandstone,  with  layers  of  oeUular, 
much  indurated  quartzite,  »ud  some  subordinate  bods  of  an  indurated, 
gray,  coarse  HaudHtone.  This  series  contains  one  bed  of  the  gray  saud- 
Htouo  "20  feet  thick.  Thickness  420  feet  or  including  the  partly  con- 
cejiled  band &J0 

(5)  Tho  first  rock  in  this  scries  is  a  highly  iudurateil  gray  sandstone,  the  type 

of  the  beds  above  montiouod  as  forming  occasional  layers  in  No.  (4).  It 
is  of  a  dark  gray  color,  and  composed  of  coarse  grains  which  by  nieta- 
morphic  action  are  changed  to  a  nearly  compact  texture.  Tile  thick- 
ness of  the  sandstone  is  50  feet.  A  band  of  diorite  20  feet  thick  inter- 
rupts tho  section,  next  to  which  is  a  baud  of  bluish  gray,  coarse  shales, 
75  feet  wide;  a  partially  concealed  interval  of  300  feet,  occupied  by 
similar  rocks;  then  for  200  feet,  several  alternations  of  the  same  shales 
with  bluish  argillaceous  sandstones.  In  these  a  layer  6  feet  wide  of  red 
argillaceous  hematite  is  found.  Then  a  second  hand  of  diorite  12  feet 
wide,  resembling  in  all  respects  the  first. 
(G)  Tlic  beds  of  No.  (5)  which  are  mostly  sandy  shales,  and  are  rather  thickly- 
bedded  in  layers  of  from  1  to  several  feet,  are  succeeded  by  a  band  of 
very  thinly-laminated,  firm  olive  slates  or  shales,  having  a  total  thick- 
ness of 300 

Indurated  brown  sandstone,  with  some  chloiite 30 

Interval  of  concealed  rock ^ 100 

Alternations  of  brownish  argillaceous  sandstones  with  greenish  shaly  beds.  1^ 
Very  finely  fissile,  pink-colored  slaty  shales,  which  weather  purplish-red..  200 
Then  for  100  feet  a  bluish  shale  is  found 100 

860 
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Feet 
The  two  last  series  of  beds,  5  and  6,  appear  to  be  the  equivalent  of  No. 
(9)  of  the  Balcony  Falls  section.  Their  combined  thickness  is  abont  1,450 
feet,  that  is,  provided  no  rodnplication  ftom  folding  occurs.  This  is 
possible,  thongh  not  probable,  I  think. 
"The  strata  now  to  be  described  are  the  equivalent  of  the  Potsdam  sand- 
stone, and  resemble  No.  (10)  at  Balcony  Falls  in  their  almost  total  free- 
dom from  iron  and  other  coloring  matters.  *"  *  •  The  system  here 
consists  of  a  vast  number  of  thin  layers,  in  which  we  may  distingnisli 
three  classes  of  rock:  (a)  A  shale  pale  gray  to  bluish  gray  when  fresh, 
composed  almost  entirely  of  kaolin,  and  occurring  in  thin  plates,  (h) 
This  is  associated  with  a  very  fine  grained  kaolin  sandstone,  the  quartz 
grains  being  now  perceptible  to  the  naked  eye.  *  *  *  (c)  A  kaolin 
sandstone  of  moderately  fine  grain,  often  with  a  thickness  of  several 
feet  in  the  individual  layers.  The  quartz  grains  are  mixed  with  an  equal 
amount  of  kaolin , 300 

^The  beds  last  described  have  a  thickness  of  300  feet,  and  are  sac- 
Kled  by  a  partially  concealed  interval,  in  which  50  feet  of  a  similar 
ik  are  shown."    The  strata  between  this  point  and  the  Anroral  lime- 
me  are  largely  concealed. 
The  section  as  studied  at  B$dcony  Falls  by  Prof.  Fontaine  is  as  fol- 

Foet. 

Unbedded  quartzite,  with  crystals  of  feldspar 120 

Brown,  crumbling,  argillaceous  rocks  or  sandy  shale,  congloniorat'e  in  its 

upper  portion J - 40 

Brown,  decomposing,  thinly  laminated  and  contorted  shale 10 

Conglomerate,  like  the  upper  portion  of  (2) 20 

Shales,  like  (3> 12 

Conglomerate,  like  (4) 15 

Crumbling,  brownish  Hhales,  passing  in  the  upper  portion  into  argillaceous 

sandstones  of  th»  same  hue  and  texture 200 

Massively  bedded,  coarse   white  quartzite    (apparently   Kogcrs's  typical 

No.  1) 500 

Up  to  this  point  the  rocks  are  well  exposed  in  the  cliffs  which  closely 
border  the  canal.  Proceeding  west  across  the  strike,  we  next  encoun- 
i,eiT  a  series  that  forms  No.  (9). 

Thinly  laminated,  gray  and  reddish  shales.     Probable  thidcness GOO 

)  Alternating  beds  of  quartzite  and  kaolin  shales.     Probable  thickness 700 

)  Tlie  first  rook  seen  next  to  the  mountain  is  thinly  laminated,  fragile  shale, 
of  yellowish  and  reddish  hues  not  fully  exposed.  Next,  to  tho  west,  we 
have  bluish  calcareous  slate,  and  slaty  limestone,  50  feet.  Then  very 
thinly  laminated,  firm,  deep  red  slates,  60  feet.  Next  a  similar  slate  of 
blue  color,  15  feet.  Then  a  bed  of  dark  blue,  hard,  and  dense  limestone, 
uned  for  cement,  13  feet.  Then  thinly  laminated  red  slates,  20  feet. 
Then  coarser  and  thicker  bedded  blue  slates,  40  feet.  lastly,  a  coarse, 
rough,  ma.ssive,  siliceous  limestone,  40  feet «.      238 

2, 455 

Ho  compares  the  Balcony  Falls  section  with  that  of  JRocklish  Gap,* 
itiiig  that  the  thickness  of  Nos.  5  and  0  in  tho  latter  section  is  much 
jiiter  than  that  estimated  for  their  equivalent,  No.  9  in  the  Balcony 

»Ara.  Jour.  Sci.,  3d  ipr.,  voL  9,  l815,pp.';MV3^. 
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Falls  section,  showing  that  the  proportion  of  shaly  matter  in  the  entire 
groap  at  Bockfish  Gap  has  greatly  increased.^ 

In  summing  up  the  physical  characters  of  the  sections  as  described, 
he  says : 

It  will  be  seen  from  the  above  notes  that  in  Virginia  we  have  b<*low  the  oalcifennis 
limestones  a  great  development  of  sandstones,  shales,  and  conglomerates,  which 
attain  in  the  middle  portion  of  the  State  a  thickness  of  over  2,000  feet,  and  increase 
in  the  i)roportion  of  coarse  materials  to  the  sonthwest.  They  probably  Attain  greater 
thickness  in  that  quarter,  while  to  the  northeast  the  amount  of  sediment  diminishes, 
and  the  proportion  of  tine  matter  increases.  This  change  is  plainly  dae  to  the 
increasing  development  to  the  sonthwest  of  the  s}  enitio  rocks  which  formed  the  shores 
of  the  ancient  seas  and  to  the  greater  violence  in  that  direction  of  distnrbing  forces. 
The  Potsdam  sandstone  forms  one  of  the  upper  members  of  this  group.  Mnoh  further 
study  of  these  strata  is  required  to  settle  the  question  whether  the  entire  aeries  is  a 
groat  expansion  of  the  Potsdam  or  whether  divisions  may  be  made  corresponding  to 
other  epochs.  The  fact  that  at  Rockfish  Qap,  and  to  the  southwest,  a  great  body  of 
ferruginous  slaty  shales  separates  the  lower  highly  siliceous  and  altered,  sandstones 
from  the  upper  Kaolin  sandstones  of  probable  Potsdam  age^  seems  to  indicate  a  change 
in  the  conditions  of  sedimentation  sufficient  to  justify  such  a  division,  in  which  the 
Acadian  strata  may  be  found.' 

With  the  single  exception  of  a  Scolithus,  no  fossils  have  been  found 
in  these  rocks  which  would  indicate  their  age. 

In  1883  Prof.  Fontaine  supplemented  his  detailed  description  of  tb6 
sections  by  a  synoptic  description,  embracing  the  general  character  of 
all  the  formations  that  he  considered  belonging  to  the  Primordial  series.^ 
Beginning  with  the  base  of  the  Primordial  he  recognized  six  divisions 
as  follows : 

Feft, 

1 .  Lower  Primordial  conglomerate 0  to  :M) 

2.  Lower  gray  shales  and  flagH 500 

3.  Red  shale's  and  tlags 400 

4.  Upper  gray  shaKs  and  flaj^s r»00 

5.  Potfldam  (|uart/.it« XtO 

6.  Ferrifcrons  shales 500 


2.380 

The  description  of  the  various  formations  is  so  clear  and  full  that  I 
quote  them : 

(1)  Lower  Primordial  conglomerate. — 1  would  confine  this  appeUation  to  the  lowest 
conj^loni«rat<^  that  forms  the  base  of  the  Priinordiiil  where  it  is  pre.8ent,  excluding  the 
coiigluiiicrate  bands  tliat  follow  hi^hor  up,  but  aro  separated  from  the  basal  couglom- 
eraU)  by  Hlialo  and  slate.  •  •  •  Thisiuoinbcr,  tlnis  limited,  I  have  not  seen  stall 
tbo  places  whore  the  junction  of  the  Prniiordial  with  the  A/oic  is  exposed.     *    *    * 

The  roii^lomorato  now  in  qnostion  is  of  special  iiuportanoo,  since,  when  it  is  found, 
we  may  be  sure  that  we  have  the  trno  base  of  tbo  Primordial.  I  have  never  seen  it 
wiMiout  finding  the  Azoic  rockH  immediately  under  it.  It  consists  of  a  finer  matrii 
tliat  18  shaly  or  slaty  in  textnn*,  in  which  particlen,  angular  or  rounded  in  shape* 
of  the  Azoic  strata  are  imbedded.     The  litliDlogioal  character  of  the  pebbles  varies 

'Op.cit.,p.421. 
»()p.<;it.,p.424. 

'  N'otoH  on  th«  iiiinorft\  iV\>o»\Vh'aV  Ci^Ytaiu  loo»litieH  on   tbo  we«tcru  part  of  the  Bloe  IUdg«.    The 
Virginias,  vol. 4, 188J, vv'i-»^*i^^- 
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with  the  nature  of  the  afUoining  Azoio.  To  the  sonth  they  are  more  commonly  com- 
posed of  gneiasoid  rook,  bnt  to  the  north  the  Hnronian  schists  faruiah  the  ma- 
terial.   •    •    • 

In  the  more  sontherly  portions  of  the  belt  a  good  deal  of  partly  decayed  feldspar 
may  be  detected  in  the  finer  matrix,  bnt  to  the  north  argillaceous  material  forms 
the  cementing  matter  (p.  22). 

(2)  Lmr«r  Oray  Shales  and  Flagt,— The  lower  portion  of  this  member  of  the  Primor- 
dial frequently  contains  bands  of  conglomerate,  composed  of  qnartz  pebbles,  often 
purplish  in  o61or,  imbedded  in  a  fine-grained  matrix  of  shale  or  slate  •  •  • 
(p.  42). 

The  lower  gray  shales  and  flags  vary  in  character  more  than  any  other  member  of 
the  PrimordiaL  The  predominant  rocks  are  shales,  that  sometimes  become  slaty  in 
firmness  and  thinness  of  lamination,  or  various  more  siliceous  flaggy  rocks  that  range 
from  purely  argillaceous  shales,  through  argillaceous  sandstones,  into  massive  and 
highly  siliceous  qnartzites.  These  Istter  have  the  character  described  above.  The 
predominant  color  is  gray,  but  reddish,  yellowish,  or  purplish  and  greeuish  colors 
sometimes  occur. 

Some  of  the  grayish  white,  argillaceous  strata  form  a  species  of  claystone  that 
weathers  to  a  sort  of  kaolin.  Fur  the  sake  of  distinction  these  may  be  called  kaolin 
flags.  This  kind  of  rock  is  much  more  common  in  the  member  next  under  the  Pots- 
dam quartzite.  The  conglomerates  occurring  in  the  lower  part  of  this  member  have 
been  already  described. 

The  general  features  of  the  quartzite  members  of  this  group  have  been  already  suf- 
ficiently discussed.  Towards  the  southern  portion  of  the  belt,  they  attaiu  great  dimen- 
sions. This  is  especially  true  of  the  space  between  the  southern  border  of  Augusta 
County  and  Balcony  Falls.  At  this  latter  place  a  (inartzite  formation  occurs  about 
1.50  feet  above  the  base  of  the  Primordial,  forming  the  Balcony  Rock.  It  lies  in  huge 
beds  of  a  highly  siliceous  character,  and  is  not  less  than  250  feet  thick.  Here  the 
massive  character  of  the  beds  has  prevented  the  cracking  and  smashing,  accompanied 
with  the  infiltration  of  silica,  so  often  seen  in  the  smaller  beds  of  quartzite  at  this 
horizon  in  other  places ;  otherwise  the  character  is  as  given  above  for  the  lower 
([uartzites.  I  have  never  seen  any  casts  of  Scolithus  borings  in  these  qnartzites.  The 
great  quartzite  at  Balcony  Falls  disappears  almost  entirely  in  the  northern  x)ortiou 
of  the  belt,  its  place  being  taken  by  minor  beds  of  ([uartzite,  and  by  shales  and  flags. 
The  subdivision  of  the  Primordial  be<1s  now  being  described  forms  the  lower  portion 
of  the  Primal  older  slates  of  the  brothers  Rogers. 

(3)  Bed  Shales  and  Flags. — This  also  is  quite  a  variable  group,  and  it  changes  its 
character  very  materially  as  we  go  south.  In  the  northern  portion  of  the  belt,  as  far 
as  Mount  Torroy,  the  greater  portion  of  this  group  is  composed  of  a  fine-grained, 
very  thinly  laminated,  and  tender  slate.  When  fresh  this  rock  has  a  steel  gray  color 
and  pearly  or  nacreous  luster,  but  on  weathering  many  portions  become  deep  blood 
red  in  color.  Some  of  the  lower  and  upper  portions  become  yellow,  bnt  red  is  the 
predominant  color  frouL  weathering.  Some  bands  have  small  pebbles  of  the  size  of 
bird  shot  graduating  into  sand.  Some  of  the  red  and  yellow  colors  may  be  original 
and  not  due  to  weathering.  This  can  not  be  decided,  as  all  the  exposures  seen  were 
much  weathered.  This  member,  in  its  northern  exposures,  is  often  afiected  by  faults 
that  cause  it  to  extend  over  greater  breadths  than  it  could,  occupy  in  virtne  of  its 
thickness.  Quartz  veins  occur  in  it,  having  the  nature  of  fissure  veins.  Bands  of 
this  slate  are  impregnated  with  more  or  less  specular  iron,  and  this  is  the  highest 
member  of  the  Primordial  that  sliows  iron  in  the  specular  form.  Some  greenish, 
much  indurated  quartzite  occurs  in  this  member.  This  group  to  the  south  becomes 
more  siliceous  and  the  amount  of  red  coloring  matter  diminished. 

At  Big  Mary  Creek  the  slaty  character  is  nearly  lost  and  the  amount  of  reil  matter 
is  much  less.  The  strata  are  now  chietly  rather  siliceous  gray  flags,  and  this  charac- 
ter is  maintained  to  Balcony  Falls ;  there  the  rocks  at  this  horizon  -ire  nearly  all 
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fla^rgy  and  gray  in  color;  some  reddish  and  brownish  beils,  however,  are  fonnd.  This 
chaugo  to  a  more  siliceous  natare  is  accompanied  by  a  great  increase  in  the  aoeom- 
panying  quartzitos.  These  strata  everywhere,  owing  to  their  comparatively  greater 
capacity  for  yielding  to  strains,  have  snfifored  much  from  contortions  and  minor 
faults. 

(4)  Upper  Gray  Shales  and  Flags. — ^This  group,  as  the  name  implies,  is  somewhat 
like  No.  2,  but  in  it  the  conglomerates  and  specular  ledges  are  wanting  and  the 
amount  of  quartzite  is  usually  much  less.  Owing  to  the  brittleness  of  the  material 
of  the  beds  and  the  ease  with  which  many  of  them  yield  to  crushing,  portions  of  the 
strata  arc  often  found  crush  eel  to  loose  fragments.  In  thefractnred  and  crushed  per* 
tions  important  deposits  of  limonite  are  sometimes  fonnd  that  are  evidently  produced 
by  the  concentrating  action  of  percolating  waters.  The  reddish  and  brownish  rocks 
found  in  No.  2  are  also  wanting  here.  The  predominant  rooks  are  shales  and  flagfl, 
nsnally  all  highly  argillaceous,  and  when  fresh  of  a  gray  or  greeniah  gray  color,  bat 
on  weathering  apt  to  assume  a  grayish  white  color.  Towards  the  top  (|nartzite  ledges 
are  iutorstratifiod  with  those  and  cause  a  gradual  passage  into  the  Potsdam  quartz- 
ite. In  some  places  the  amount  of  quartzite  here  is  very  large  and  shonld  properly 
be  counted  as  a  portion  of  the  Potsdam  member  of  the  Primordial.  Perhaps  the  pre- 
dominant rock  is  a  gray  shale  that  resembles  a  hardened  mndstone  and  which  grad- 
uates into  a  sandy  shale.  This  rook  often  decays  to  a  pure  white  clay,  and  no  doubt 
furnishes  the  material  for  the  pure  potter's  clay  sometimes  found  immediately  west 
of  the  Blue  Ridge.  Those  strata  for  tho  sake  of  distinction  may  be  called  kaolin 
shales  or  flags. 

(5)  Potsdam  Quartzite. — The  members  of  the  Primordial  below  this,  so  far  as  ob- 
served by  ns,  show  no  indications  of  Mio  fonner  existence  of  life.    This  portion  of  tb(» 
formation,  however,  shows  in  some  be<ls  numerous  oasts  of  Scolithns  borings,  some 
of  which  are  remarkably  long,  being  visible  for  at  least  3  feet.    The  brothers  Rogfirs 
considered  this  member  as  identical  with  the  Potsdam  sandstone  of  New  York.    This 
portion  of  the  Primordial  is  more  constant  in  lithological  character  than  the  subdi- 
visions that  underlie  it.     Quartzite  is  always  the  predominant  rock  in  it,  the  remsin* 
in«];  portions  bping  mostly  c(unpi>Hed  of  tlin  kaolin  shales  and  Hags.     To  the  sontb, 
and  especially  in  tlit^  interval  from  Mount  Torroy  to  Buena  VJBta  furnace,  the  quart/- 
itt^  is  very  massive  and  HiliceouH,  i;oin]»rHinj;  nearly  all  of  the  rock  at  this  hori/on. 
The  material  is  more  properly  called  a  qiiartzito  than  a  sandstone.     The  u])Y)erau(! 
lower  j^ortions  are  often  flaggy,  and  cause  a  passage  into  the  underlying  and  overly- 
ing nliales  and  flags.     So  far  .is  observt'd,  these  (]uartzitos  are  never  conglomeratic, 
and  they  are  free  from  the  inflltrations  of  silica,  the  diflused  chlorite,  and  other  char- 
actors  that  mark  the  lower  qiiartzites.     N(>ar  the  junction  of  this  member  with  No. 
4,  tho  strata  are  often  crushed,  the  crushed  band  holding  important  deposits  of  a 
dark  linionite.     The  Quartzit<e  members  of  this  subdivision  are  sometimes  broken  np 
and  crushed,  forming  a  curious  band  of  breccia,  cementeil  by  iron  or  manganese. 
Sometimes  workable  deposits  of  limonite  are  found  in  these  disturbed  portions. 

(G)  Ferriferous  shales. — It  might  boa  question  whether  these  shales  ought  not  rather 
to  he  counted  with  the  Calciferons  group.  It  is  certain  that  there  aeems  to  be  a 
gradual  passage  frou)  the  shales  into  the  pure  Magnesian  and  Siliceous  limestones, 
that  correspond  to  the  Calciferous  sandstones  of  New  York.  No  fossils  are  fonnd  to 
s(>tMe  the  matter,  and  it  seems  best  to  draw  tho  dividing  line  at  tho  first  marknd 
change  in  the  lithological  character  of  the  strata.  This  change  occurs  with  the  low- 
est limestone  beds,  that  usually  occur  interstratified  with  reddish  and  yellowish 
shales. 

Tho  Ferriferous  shale  group  is  noteworthy  for  containing  throughout  it  deposits  of 
limonite  which  are  often  suited  for  tho  manufacture  of  a  neutral  iron.  These  depos- 
its seem  to  be  of  concretionary  origin,  formed  by  the  decay  of  the  shales  which  con- 
tain the  iron  in  a  diflused  form,  probably,  for  the  most  part,  as  a  carbonate,  hot 
sometimes  as  pyrite.    These  ores  are  consequently  usually  imbedded  in  clay.    They 
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Assnine  tbe  form  of  lenticalar  masses,  asnally  bailt  ap  of  concretionary  forms.  These 
ores  are  unlike  those  found  in  and  nnder  the  Potsdam  sandstone,  and  not  rarely  are 
mingled  with  oxide  of  manganese  or  associated  with  it,  forming  forro-manganese.  In 
the  same  shales,  occnrring  nnder  conditions  similar  to  the  iron  and  formed  in  like 
manner,  we  find,  not  rarely,  deposits  of  quite  pure  manganese  oxide.  This  is  always 
in  the  form  of  Psilomelane  or  hard  manganese. 

The  lowest  of  the  strata  of  this  group  have  the  character  of  kaolin  shales  and 
flags.  They  graduate  insensibly  into  the  Potsdam  quartzite  member.  In  ascending 
they  become  purely  argillaceous  shales,  generally  of  lead,  or  bluish  gray  color,  when 
fresh.  With  these,  moreover,  occur  strata  yellowish-reddish  in  color,  the  red  often 
assuming  a  pinkish  shade.  Towards  the  top,  ledges  of  pretty  firm  pure  purplish 
shales  and  flags  are  found  that  are  sometimes  of  the  nature  of  fine-grained  sandstone. 
The  shales  towards  the  top  are  often  calcareous,  and  graduate  into  the  impure  lime- 
stone with  which  the  Calciferous  gronp^may  be  assumed  to  begin. 

We  thus  have  in  the  Primordial  formation,  in  the  belt  now  being  described,  at 
least  three  horizons  of  iron  ore.  The  lower  strata  contain  specular  iron  ore  usually 
of  low  grade,  the  middle  portions,  exiending  as  far  as  the  Potsdam  quartzite,  con- 
taining limonites,  either  impregnating  definite  strata,  or  filling  what  were  once  fis- 
sured and  crushed  bands.  Hence  all  of  these  usually  appear  in  massive  or  rocky  out- 
crops. Finally,  in  the  Ferriferous  shales,  we  have  interrupted  deposits  of  limonite, 
inclosed  in  clay  and  often  mixed  with  manganese.     (No.  12885,  U.  S.  G.  S.  Library.)' 

The  Balcouy  Falls  section  has  also  been  studied  by  J.  L.  and  H.  D. 
Campbell  with  a  slightly  varying  result.  As  measured  by  Prof.  J.  L. 
Campbell  the  section  is  as  follows : 

Feet. 

1.  Conglomerates H) 

2.  SamlHtoueH ^.^W 

:i.  Slater GOO 

4.  Sandstones  (thickneHs  nut  given). 

r>.  Slates 180 

T).  Soolitlins  HandHtune :U0 

7.  Shales (K)0 

Total 2,120 

A  comparison  of  this  with  the  sections  Hiejwnrcd  by  Prof.  Font^aine, 
in  1S79,  shows  essentially  the  same  succession  of  strata,  although  dif- 
fering materially  in  the  thickness  of  the  various  divisions  based  on  the 
character  of  the  rocks.  Subsequently,  Prof.  Campbell  added  to  the 
preexistent  information  of  the  section  at  Balcony  Falls,  by  showing 
tliat  the  i)rimal  series  is  present  upon  the  southeastern  slope  of  the 
lilue  llidge,  a  short  distance  north  of  the  James  river.  This  was  fol- 
lowed by  a  paper  on  the  Snowdon  slate  quarries,  by  himself  and  his 
son,  in  which  it  is  said  that  the  sandstones  are  penetrated  with  Sco- 
lithus  and  dip  beneath  the  Snowdon  rooling-alate  quarries.  ^  An  ac- 
companying ideal  section,  crossing  the  Blue  Ridge  3  miles  north  of 
James  River  Gap,  represents  the  Primal  series  at  the  summit  dipping 
to  the  westward  and  on  the  e<astera  slope  dipping  at  a  high  angle  to 
tbe  eastward  and  resting  unconformably  upon  the  Archean  gneiss.  ^ 

1  Op.  cit,  p.  43. 

*  The  Snowdon  Rlate  qnarries.    Tho  Vir^iuiaA,  vol.  5, 1884,  pp.  1G2, 1G3. 

»  Op.  cit,  p.  170. 
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Prof.  J.  L.  Campbell  conclados,  from  the  stractarei  that  this  portion 
of  the  Blae  Bidge  has  been  formerly  spanned  by  a  grand  arch  or  series 
of  arches  of  Oambriau  strata,  uptumedi  perhi^s,  at  the  time  of  their 
upheaval.  ^ 

In  1885  Mr.  H.  D.  Campbell  published  a  more  detailed  section  of  the 
Blue  Bidge  at  Balcony  Falls,  to  illustrate  the  view  that  the  Blue  Bidge 
at  this  point  is  a  portion  of  an  antic  linal  fold,  over  which  the  Cambrian 
strata  formerly  extended  from  the  west  to  the  east,  forming  a  synclinal 
basin  on  the  western  side  of  the  Blue  Bidge.  He  described  the  Cam- 
brian section  at  Balcony  Falls  as  follows : 

Feet. 

1.  Conglomerate 120 

2.  Sandstone ! 360 

3.  Slates 500 

4.  Hard  sandstone 150 

5.  Slates 700 

6.  Sandstone 90 

7.  Slates w 120 

8.  Scolithus  sandstone 350 

Total 2,390 

He  further  states  that,  away  from  the  river  some  distance,  there  is 
about  GOO  feet  more  of  sandstone  and  friable  slate  before  reaching  the 
limit  of  the  Potsdam  formation.  ^  This  gives  a  greater  thickness  to  the 
Cambrian  section  of  Balcony  Falls  than  that  measured  by  either  Prot 
J.  L.  Campbell  or  Prof.  Fontaine. 

The  next  complete  description  of  the  Cambrian  in  the  southwestern 
portion  of  the  State  is  that  of  Prof.  J.  J.  Stevenson,  in  his  account  of 
a  reconnaisance  of  Bland,  Gyles,  Wythe,  and  portions  of  Pulaski  and 
Montgomery  Counties.  On  the  map  aoconipauying  the  paper,  the  geo- 
graphic distribution  of  the  Cambrian  rocks  is  shown  for  Montgomery, 
Pulaski,  and  Wythe  Counties,  lie  includes  in  the  Cambrian  the  lower 
Knox  shales  and  the  Potsdam,  stating  that  the  former  are  probably 
equivalent  to  the  hydromica  schists  of  Pennsylvania  and  the  lower  part 
of  the  Calciferous  of  New  York  ;  the  latter  is  the  Potsdam  of  New  York, 
vastly  increased  in  thickness.  ^  Tlie  Knox  shales  are  described  as  being 
reddish,  sometimes  streaked  with  white  color,  usually  more  or  less 
greasy,  often  talcose- looking  on  the  slipped  surfaces.  The  shales  are 
hard  enough  to  form  bluffs.  The  thickness  could  not  well  be  ascer- 
tained, but  it  can  not  be  less  than  000  feet.  . 

Tlio  P()tH<1aiii  forms  the  groat  mass  of  Lick  Mountain ,  is  tho  sandstone  of  Draper 
Mouiitiiiii,  and  is  found  along  tbo  southern  border  of  Wythe,  Pulaski  and  Montgom- 
ery Counties.     Tho  upper  beds  arc  alternations  of  sandstones  and  shales. 

'  (!(^i»Iu^y  of  tho  Hlue  llul^c  n(>ar  Kalcony  FaUh,  Virginia  ;  a  modiflod  view.  Am.  Joar.  8ci.,  3d  0er., 
1S84,  vol.  *JH.  p.  223. 

"■' Th««  PotH<lain  jjroiip,  wast  of  llio  Itluo  Ui«lj;i»,  at  lialcony  Falls,  Virj;inla.  Am.  Joiir.  Si>i.,3d  »er., 
vol  29.  IKS.-,.  J,..! 72. 

'A  HiMiiu<;i(-al  rorouuaiHsaTioo  of  IMaiid,  (^lilm,  \Vytli«>,  and  portioDS  of  Pulaski  and  MoDt^onici7 
Coiiiitiert  ot  Virginia.    Am.  P\u\.^vk,. Vvusi.^vol.  24»  1H«7,  pp.  80, 87. 
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The  base  of  the  series  was  not  observed  by  Prof.  Stevenson,  bnt  he 
thinks  that  the  sandstone^ of  Draper  Mountain  is  not  loss  than  2,000 
feet  in  thickness.  The  only  fossils  observed  were  Seolitkus  linearis^  on 
Lick  MoaAtain. 

In  Dutchess  CSonnty,  New  York,  on  the  north,  and  in  Tennessee  on 
the  Sonth,  the  lower  portions  of  the  limestones  are  of  Cambrian  n|?e. 
Whether  the  same  is  trae  of  the  arenaeeons  limestones  above  the  Cam- 
brian shales  is  one  of  the  problems  to  be  stadied  in  Virginia. 

NORTH  CAROLINA. 

The  Cambrian  rocks  in  North  Carolina  are  the  extension  across  the 
border  from  Tennessee  of  the  Ghilliowee  series  with,  perhaps,  some  of 
tlie  Knox  shales.  The  best  section  is  that  along  the  line  of  the  French 
Broad  from  Paint  Bock  on  the  State  line  eastward  np  the  river  to  the 
vicinity  of  Warm  Springs.  The  Paint  Bock  sandstone  apparently  is 
the  representative  of  the  Chilhowce  sandstone,  and  the  shales  the  Knox 
shales,  or  Upper  Cambrian.  The  relation  of  the  other  portions  of  the 
section  on  the  French  Broad  to  these  formations  is,  as  yet,  undetermined. 

TENNR88RB. 

Ocoee  conglomerate. — ^The  descriptive  details  of  the  Cambrian  rocks 
of  Tennessee  are  almost  entirely  derived  from  the  work  of  Prof.  J.  M. 
Safford  as  pnblished  in  the  ^<  Geology  of  Tennessee  "  in  1869.  A  large 
amount  of  additional  data  has  been  obtained  by  the  geologists  of  the 
U.  S.  Oeological  Survey.  At  my  request  Mr.  Bailey  Willis,  chief  of 
Appalachian  Division  of  Geology,  prepared  the  following  notes  upon 
the  geologic  position  of  Prof.  Safford's  Ocoee  formation : 

The  Appalachian  Paleozoic  area  is  bordered  on  the  oasteni  Hide  hy  a  bolt  of  elastics 
of  very  ^eat  thickness,  which  forms  conspicuoas  ridges  between  the  Archean  gran- 
ites and  the  calcareons  Paleozoic  strata.  The  slates,  sandstoneH,  and  conglonieratos 
of  this  belt,  characterized  by  lithologic  similarities  among  themselves  and  distin- 
gnished  by  marked  lithologic  contrasts  from  other  rocks,  fall  into  a  natural  group. 
Seminictamorphic,  they  occupy  mineralogically  a  position  between  the  crystallines 
an<l  the  unaltered  sediments.  Resting  in  many  localities  directly  on  the  Arcliean 
and  containing  fragmental  granitic  minerals,  their  apparent  stratigraphic  position 
is  also  intermediate  between  the  Archean  and  the  unaltered  sediments.  For  these 
reasons,  and  in  the  absence  of  fossils,  they  have  been  placiul  by  all  the  older  geolo- 
gists at  the  base  of  the  stratigraphic  column.  8tructiiral  facts  sometimes  full  in  with 
this  stratigrnphic  arrangement,  and  where  they  do  not  faults  have  been  assumed  to 
account  for  the  superposition  of  the  8nppose<l  older  on  younger  strata. 

in  Tennesse«)  the  type  localities  of  these  elastics  are  Cliilhowee  Mountain  and  the 
Ocoee  gorge,  an<l  quartzites  of  the  Chilhowee  type,  but  not  in  Chilhowee  Mcmntain, 
have  been  correctly  placed  above  slates  of  the  Ocoee  type  by  Sailord.  Your  own  dis- 
covery of  fosHils  in  the  upper  shales  of  Chilhowee  Mountain  appears  to  determine  the 
age  of  all  these  sediments  as  Lower  Cambrian  or  pre-Cambrian.  But  there  is  an  as- 
sumption which  must  be  sustained,  or  the  conclusion  fails  in  its  broad  application. 
That  is,  that  the  natural  grouping  of  these  strata  by  ])hysica1  characters  into  a  single 
series  proves  them  to  be  of  one  ])eriod  ;  this  may  be  the  re^iult  of  similar  conditions 
which  existe<l  at  different  periods,  and  the  natural  group  may  include  strata  of  >^'vd^\^ 
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separated  horizons.  The  latter  is  the  fact.  The  Chilhowee  formation  in  Chilhowee 
Mountain  has  been  proved  by  fossils  to  be  Lower  Cambrian,  bnt  U  is  a  synclinal 
mass  isolated  by  faalts,  and  the  definite  determination  does  not  apply  beyond  its 
limits.  It  is  not  connected  with  the  Ocoee  area,  and  the  Ocoee  rocks  Jin  the  type 
locality  are  so  separated  from  strata  of  known  a^e,  that  nothing  definite  can  now  be 
assorted  as  to  their  correlations.  Starrs  Mountain,  a  " Chilhowee"  ontlier  24  miles 
Bonthwest  of  Chilhowee  Mountain,  contains  a  fossiliferons  limestone  apparently  con- 
formably underlying  the  qnartzite ;  if  further  study  confirms  this  apparent  relation, 
the  qnartzite  is  near  or  above  the  top  of  the  Lower  Silurian.  Meadow  Creek  Moun- 
tain and  the  Big  Butt  range,  extending  from  25  to  70  miles  east  by  north  from  Chil- 
howee Mountain  and  assigned  by  Safford  to  the  Chilhowee  and  Ocoee  formations,  are 
determined  on  stratigraphic  and  structural  evidence  to  belong  to  the  Nashville  period, 
the  last  of  the  Lower  Silurian  deposits.  '*  Ocoee"  strata  of  Saftbrd,  occurring  south- 
east of  Chilhowee  Mountain  about  Cades,  Tuckalecchee,  and  Weirs  Coves,  are  known 
to  belong  to  the  Nashville  on  evidence  of  strict  structural  conformity  to  the  Knox 
dolomite  over  three  extensive  quaquaversals  and  through  transition  beds  from  the 
dolomite  to  the  slates.  The  Nashville  *'  Ocoee''  strata  in  this  locality  and  in  the  Big 
Butt  exceed  12,000  in  thickness  and  form  some  ot  the  highest  ranges  along  the  North 
Carolina  boundary. 

If,  as  these  facts  prove,  the  great  natural  gronp  of  elastics  along  the  eastern  Paleo- 
zoic border  is  the  result  of  conditions  repeated  in  different  periods,  we  should  seeic 
an  explanation  for  recurrence  of  like  conditions,  and  this  is  found  in  the  relative 
extent  of  subsidence  in  the  Cambrian  and  Silurian  times. 

The  Cambrian  sea  transgressed  over  the  granitic  continent  under  such  conditions 
that  the  constituent  minerals  entered  into  shore  deposits,  without  complete  decom- 
position; these  conditions  probably  existed  in  the  deep  disintegration  of  the  granite, 
as  suggested  by  Pumpelly.  The  subsidence  ceased  during  Knox  time  and  the  depo- 
sition of  the  Knox  was  followed  by  uplift  which  exposed  the  dolomite  to  the  waves 
of  the  Nashville  sea.  The  evidence  of  this  un<l  of  subsequent  subsidence  is  foand 
in  conglomerates  of  Knox  dolomite  at  the  base  of  and  interstratified  with  the  strata 
of  the  NaHhvillo-Ocooe  in  many  local! tiert.  The  bods  associated  with  those  conglom- 
erate's arc  urenacooiiH  shales  and  sandHtonos,  bnt  higher  in  the  Niishvillo  ««rit's  oou- 
forniably  stratified  with  tlii^se,  and  extending  to  basal  conglomerates  resting  on  the 
Archean,  are  deposits  containing  granitic  fragments  like  those  of  the  Cambrian- 
Ocoee.  The  stratigraphic  and  geographic  relations  leave  no  <loubt  that  the  Nash- 
ville was  a  period  of  great  transgressions  beyond  the  limits  of  any  previous  snh-Hi- 
denco,  and  the  deposits  derived  from  the  granites  in  the  later  time  were  ideuticiil 
with  those  earlier  accnniulate<l  from  the  same  source. 

The  senii-nietamorphic  character  of  both  Cambrian  and  Nashville- Ocoee  strata 
demands  explanation  which  ma^'  possibly  be  found  in  their  original  composition  ami 
in  their  common  relations  to  thrust  and  resistcnce  during  Appalachian  formation. 
Both  series  of  rocks  are  thin  bedded  pilcjj,  both  rest  against  the  unyielding  Archean 
masses.  \Vhat<»vcr  pressure  they  received  they  wore  forced  to  conform  to  and  they 
ap|)ear  to  have  suflercd  changes  of  form,  which  were  both  mechanical  and  chemicsl 
and  which  were  induced  by  dynamic  conditions. 

The  generalizations  herewith  submitted  are  derived  from  the  detailed  work  of 
Messrs.  Arthur  Keith  and  C.  Willard  Hayes  as  well  as  from  my  own  studies  and  the 
conclusions  as  to  the  age  of  formations  have  been  reached  thraugh  mutual  coopera- 
tion. 

Chilhowee  sandstone. — The  litliologic  character  of  the  Chilhowee  sand- 
stone is  friven  as  follows  by  Prof.  Safford: 

It  is  a  great  group  of  heavy-bedded  sandstones,  often  dark,  but  generally  weathering 
toa  grayish  white,  and  containing  great  beds  of  whitish  qnartzose  sandstone,  orquartz- 
ite.  Interstratified  with  the  heavy-bedded  rocks  are,  at  some  points,  sandy  shales, 
and  thin  llags,  often  containing  scales  of  mica.     Some  of  the  sandstones  are  coarse 
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and  approach  fine  conglomerate.  It  may  be  mentioned,  too,  that  not  anfroquently 
the  strata  have  green  grains  (glaaoonlte)  disseminated  through  them. 

The  sandstones  of  this  group  yei|r  often  show  the  worm-holes,  and  the  sandy  rods 
within  them,  belonging  to  Hall's  species  Soolithus  linearU,  It  is  the  exception  not  to 
meet  with  them.  In  addition  to  these,  the  sarfaces  of  the  strata  sometimes  show  im- 
pressions of  fucoids.  Ko  other  fossils,  that  I  know  of,  have  been  found  in  this  horizon 
of  Tennessee. 

This  formation  is  by  no  means  as  thick  as  the  Oooee  series ;  yet  it  has  volume 
enough  to  form  conspicuous  mountain  ridges.  It  is  not  easy  to  determine  its  thick- 
ness; its  maximum  is  not  less,  however,  than  3,000  feet,  and  it  may  be  considerably 
more.^ 

This  general  descriptiou  is  followed  by  the  detailed  descriptioD  of  a 
number  of  sections.  The  lithologic  features  of  this  formation  are  much 
the  same  in  all  of  its  presentations,  from  Virginia  to  Georgia.' 

Knox  sat^tone  and  shale. — in  the  table  of  geological  formations  the 
Knox  group  is  next  in  order  above  the  Chilhowee  sandstone^  and  its 
basal  member  is  formed  by  the  Knox  sandstone.^  The  principal  rocks 
of  the  Knox  sandstone  are  hard  shales  and  thin  sandstones,  heavier 
sandstones  being  interstratified  with  these.  The  heavier  sandstones 
are  fine  or  coarse  grained,  sometimes  quartzose.  They  occasionally 
abound  in  green  gf ains.  In  the  section  of  Webb's  liidge,  near  Knox- 
ville,  the  hanl,  dark,  gray  sandstone  referred  to  occurs  six  times  in 
beds  from  three  to  ten  feet  thick,  and  weathers  into  a  but!',  softer  ma- 
terial. In  general,  the  included  layers  vary  much  in  appearance.  As 
before  stated,  beds  of  dolomite  are  met  with  in  the  division.^ 

The  thickness  of  these  rocks  can  nut  be  uiach  less  than  800  or  1,000  foot.  lu  W«bb's 
Kidge,  where  they  are  in  less  force  than  at  many  other  points,  the  thickuuss  is  540 
feet. 

The  strata  are  often  ripple-marked,  and  sometimes  covered  with  fiicoidal  iinpros- 

siuns  and  ridges.    Aside  from  fucoids,  I  have  not  met  with  any  fossils  in  these  rocks. 

•    •    • 

It  may  be  mentioned  as  a  prominent  feature  of  this  division  and  of  the  Knox  shale 
overlying  it  that  they  present  shales  and  sandstones  of  many  dificrcnt  colors.  The 
rocks  are  pale  green,  brown,  and  red,  chestnut-colored,  buff,  gray,  and  oihur  colors. 
Brownish  red,  greenish,  and  buft  are,  perhaps,  the  prevailing  tints.  The  colors  are 
often  bright,  and  notably  agreeable. 

In  reading  the  description  of  the  Knox  sandstone  by  Prof.  Safford,  I 
have  failed  to  find  any  general  or  detailed  section  or  description  that 
connects  the  Chilhowee  sandstone  and  the  ivnox  sandstone.  Appar- 
ently there  is  not  any  section  known  in  which  the  two  are  seen  in  strat- 
igraphic  relation  to  each  other.  From  the  character  of  the  section 
and  the  sedimentation,  it  may  be  that  the  Knox  sandstone  is  the  repre. 
sentative  of  a  portion  of  the  Chilhowee  series,  the  former  being  the 
olt-shore  deposit,  while  the  Chilhowee  sandstone  accumulated  near  the 
shore. 

The  Knox  shale  is  largely  a  variegated  shale,  with  interstratified 
beds  of  thin  layers  of  blue  limestone,  which  is  often  oolitic. 


)  Geology  of  TennesBce,  pp.  1U8, 199.  '  Op  ci t ..  p.  158. 

*  Op.  cit.,  1869,  p.  203.  ^Op.  cil.,  p.  2(;9. 
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The  calcareonB  bands  in  the  lower  part  of  the  division  are  not  nnmerons;  toward 
the  top,  they  generally  become  more  abundant,  increasing  as  we  ascend,  nntil  finally 
the  shales  disappear,  and  the  blue  ooliticli me*  stone,  and  dolomites  are  the  only 
rocks.     In  this  way  the  shale  division  runs  into  the  uppermost  one. 

In  the  northeastern  part  of  the  State  the  shales,  as  a  division,  are  not  well  charac- 
terized. As  already  stated  they  are  much  mixed  with  beds  of  limestone  and  dolo- 
mites, and  lose,  in  goo<l  part,  their  distinctive  features.  Moreover,  in  this  rej^iou 
there  is  little  oolite  rock.  A  portion  of  the  shale  appears  to  be  replaced  by  a  blue 
limestone  containing  thin  clayey  seams,  which  give  the  surface,  especially  when 
weathered,  a  striped  ap]>earance.  This  striped  rock  occurs,  too,  further  south,  iU 
place  being  at  the  top  of  the  shale. 

The  thickness  of  the  Knox  shale  is  not  easily  determined.  What  is  said  in  refer- 
ence to  the  thickness  of  the  strata  in  Poor  Valley  •  •  •  applieA  generally.  We 
may  place  it  as  an  approximation  at  1,500  or  2,000  foet.^ 

Prof.  Safford  states  that  fossils  occur  in  a  blue  limestone  intercalated 
with  shales,  sometimes  quite  abundantly,  both  in  the  compact  and  oolitic 
layers.  Toward  the  top  of  the  division  and  in  the  bine  rocks  of  the 
succeeding  division  they  are  seen  at  many  points.  The  shales  them- 
selves are  occasionally  fossiliferous.  It  was  his  intention  to  describe 
the  species  in  the  appendix  of  the  volume,  but  we  find  only  a  list  of 
names,  as  follows  :^  ^ 

Crepicephalus  similis,  Safford. 

roanensis,  Safford. 

tennesseensis,  Safford. 
Lonchocephalns  fecundus,  Safford.  • 

Agnostus  arcanns,  SafforiL 
Lingula  prima  f ,  Conrad. 

A  large  collection  has  been  made  within  the  last  few  years  at  tbe 
localities  from  which  he  obtained  his  specimens,  and  from  many  others 
in  Tennessee,  that  indicate  this  fauna  to  be  a  portion  ol  the  Upper 
Cambrian  or  Potsdam  fauna.  The  same  fauna  extends  up  into  the  bai>e 
of  the  limestone  for  a  short  distance.  The  entire  dolomitic  series  is 
referred  to  the  Knox  group  by  Prof.  Safford,  but  1  think  that  the  line 
of  demarcation  must  be  drawn  near  the  base  of  the  dolomite. 

As  a  whole,  the  Cambrian  group  in  Tennessee  is  rei)resented  by  a 
great  series  of  sandstones  at  the  base,  succeeded  by  a  series  of  shales 
that  become  more  and  more  calcareous  toward  the  top,  where  they  pass 
into  the  dolomitic  series,  forming  the  base  of  the  Silurian  (Ordovician) 
system.  During  the  progress  of  the  resurvey  of  eastern  Tennessee  by 
the  geologists  of  the  U.  S.  Geological  Survey  Dr.  Cooper  Cnrtice  fouud 
a  few  fossils  in  the  shales  iuterbedded  in  the  (|uartzite  of  Chilhowee 
Mountain,  and  in  1889  I  found  a  few  specimens  in  the  shale  about  20 
feet  above  the  quartzite  in  the  upper  shale  bed.  The  study  of  the  fos- 
sils collected  by  Dr.  Curtice  and  myself  proves  that  the  Oleuellns  or 
Lower  Cambrian  fauna  occurs  in  the  shales  of  the  quartzite  series  of 
Chilhowee  Mountain.  This  fauna,  with  that  found  in  the  upper  ])ortioii 
of  tbe  Knox  shales  and  the  base  of  tlio  dolomite,  gives  two  distinct 

'  Op.  oit.,  p.  211.  »  Op.  cit.,  p.  212. 
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horizous  in  the  Cambrian  of  Tennessee — the  Lower  Cambrian  and  the 
XJpi>er  Cambrian.  Between  the  two  there  is  an  unknown  thickness  of 
shale,  in  which  fossiUs  have  been  found  sparingly,  but  not  in  sufficient 
numbers  to  determine  the  })reseuce  of  the  Middle  Cambrian  fauna.  If 
the  definition  that  the  base  of  tl)o  Cambrian  is  to  be  drawn  at  the  lowest 
horizon  in  which  the  Olenelhis  fauna  is  found  is  applied  in  Tennessee, 
the  Chilhowee  sandstone  will  be  referred  to  the  Cambrian. 

OKOROIA. 

The  published  information  relative  to  the  Cambrian  rocks  of  Georgia 
IS  largely  contained  in  the  work  of  Mr.  George  Little.  It  is  summed  up 
in  the  compilation  prepared  for  the  Department  of  Agriculture,  under 
the  direction  of  Mr.  Henderson,  as  follows  : 

Acadian. — ^Along  the  western  escarpment  of  the  Cohattos  exist  beds  of  semiineta- 
luorphic  slates,  and  oon|;Ioinerates,  apparently  of  very  great  thickness.  To  this  form- 
ation, in  Tennessee,  has  been  given  the  name  of  Oooeegnmp,  from  the  OcoeeKiver, 
along  which,  near  the  line  of  Tennessee  and  Georgia,  the  rocks  appear  to  have  their 
greatest  development,  or  at  least  are  most  prominently  displayed. 

The  group  as  yet  is  not  known  to  contain  fossils,  but  has  been  referred  on  the  gronnd 
of  its  8nppose<l  stratigraphic  relations  to  the  Acadian  eiKtch.  A  sandhtono  of  several 
hundred  feet  in  thickness  is  conspicuously  displayed  in  steep  ridgo>s  or  mountains 
skirting  the  western  base  of  the  Cohutta,  Pine  Log  and  Allatoona  Mountains.  This 
is  the  Chilhowee  sandstone  of  Tennessee,  and  is  believed  to  be  the  equivalent  of  the 
Potsdam  sandstones.  In  Tennessee,  Scolithua  impressions — worm  holes  tilled  with 
sandy  rods,  somewhat  softer  than  the  body  of  the  rock — are  mentioned  as  a  common 
charactoristic  of  the  sandstone  by  Prof.  Satfonl,  and  indicate  a  probable  identity  in 
age  with  tlie  Potsdam  siiiidstone  of  Now  York.  These  uiarkingH  have  not  yet,  so  far 
as  known,  been  observed  in  this  State,  but  the  sandstones  are  oft>en  filled  with  small 
rounded  concretions,  that  disappear  from  the  weathered  surface,  and  give  much  the 
appearance  presented  by  a  cross-section  of  the  Scolithus  rods  in  sandstone. 

This  is  succee4led  by  hard  glauconitic  shales  and  glauconitic  sandstoncH,  iissociated 
with  siliceous  limestones,  found  in  a  broad  belt  of  country  along  mie  Coosa  Utver, 
and  give  rise  here  to  what  is  known  as  the  Flatwoods.  Some  portion  of  the  same 
group  is  found  in  a  belt  of  country  in  the  eastern  portiims  of  Gordon  and  Hartow  and 
the  southern  part  of  Murray,  and  also  come  to  the  surface  again  for  a  few  miles  in 
sterile  ridges  on  the  western  side  of  Whitfield  County,  between  Dick's  Kidge  and 
Chattoogata  Mountain.  Trilobites  are  found  in  some  of  the  shales  and  limestones, 
and  are  abundant  in  the  Flatwoods,  near  Livingston,  iii  Floyd  County. 

A  prominent  mineral  characteristic  is  the  common  appearance  of  green  sand  or 
glauconite  in  the  shales  and  sandstones,  and  Hometimes  in  the  limeHtones.  This  green 
Haii<l|  may  be  found,  on  close  examination,  in  most  of  the  shales  and  sandstones, 
aD<l  is  sutficiently  abundant  in  some  to  give  them  a  decided  green  color.      *      «      « 

Kno£  shale, — Shales  and  limestone  of  an  estimated  thickness  of  3,.^>00  feet.  The 
Hhales  are  more  or  less  calcareous,  and  are  generally  of  a  light  green  shade  of  color, 
below  the  wat-er  surface,  but  weather  into  a  great  variety  of  shades  from  bull'  to  red, 
blue,  green,  brown  and  black,  but  is  most  generally  some  shade  of  brown.  These 
shales  exist  in  all  the  counties  in  northwest  Georgia  except  Diuie,  and  are  found  in  a 
number  of  long  valleys,  varying  from  half  a  mile  to  1  or  2  miles  in  width,  constituting 
a  large  part  of  the  area  of  cultivated  lands  in  this  section  of  the  State.  Among 
these  are  the  Oothkalooga  Valley  of  Rartow  and  Gordon,  the  Cooehulle  and  Dogwood 
Valleys  of  Whitfield,  and  the  Chattooga  Valley  of  Walker  and  Chattooga.^ 


I  lI(*ii<Ier.son,  J.  T. :  Gooln;!y  (of  Gfor^in).    Tho  Comtuonwealth of  Georgia;  the  coUDtry,  the  people, 
tliv  productions.    AtlantA,  lbS5,  pp.  83, 6i. 
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As  noticed  in  the  historical  review,  Mr.  McCatchen's  estimates  of  the 
thickness  of  the  formations  referred  to  the  Primordial  Is  8,000  feet,  and 
to  the  Euox  shale  series  2,400  feet,  making  a  total  thickness  of  10,400 
feet.  The  estimates  of  the  author  we  have  just  quoted  assign  to  the 
Knox  shale  a  thickness  of  3,500  feet,  which  will  give  a  still  greater 
thickness  for  the  total  Cambrian  section.  I  think,  however,  that  all 
such  estimates  must  be  carefully  revised,  as  the  rocks  of  the  Knox 
shale  series  are  very  much  disturbed  by  plications  and  faulting. 

An  unpublished  section,  by  C.  Willard  Hayes,  of  the  Appalachian  Di- 
vision of  the  U.  S.  Geological  Survey,  extending  from  Bome,  Georgia, 
to  Gadsden,  Alabama,  gives  the  following  series,  extending  from  the 
top  downward : 


Silurian. 


Knox  dolomito. 
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Thin  bedded  seamy  limestone,  sometimes  blue  and  mass- 
ive. 

Yellow  sbales,  calcareous,  gra4ling  into  seamy  limestone. 

Earthy  limestone  interbedded  with  shales,  often  want- 
ing ;  locally  carries  nodules  of  chert. 

Yellow  shales. 

Oolitic  limestone;  thin  beds  in  light  green  or  yellow 
shales. 

Variegated  sandy  shales,  purple,  green,  brown,  etc  .... 

Thin  beds  of  highly  colored  sandstone :  red,  purple,  and 
green  ;  show  ripple  marks  and  sun  cracks.  Be<lB  1 
to  12  inches  thick  with  interbedded  shales.  Maxi- 
mum thickness  shown  between  Rome,  Georgia,  and 
Big  Cedar  Creek 


Green  shaleM,  with  thin,  hard,  silic<'ous  beds,  ^  to  2 
inches  thick,  or  la^'ern  of  Hat  nodules.  MiiAiuium 
thickness  at  Georgia-Alabama  line 

fc^ine  yellow  or  brown  shales,  containing  some  beds  of 
blue  linieHt<me 

Heavy  beds  blue,  seamy  limestone 

Yellow  or  green  clay  shales,  with  thin  bods  of  blue 
liniestone  contorted  and  tilled  with  calcite  veins. 
Sometimes  the  shales  contain  silicennH  nodules.  Al- 
ways highly  contorted.  Cover  a  large  area  iKstween 
Rome  and  Gadsden,  and  form  the  *' Flatwomls"  of 
Coosa  Valley.  Thickness  not  known  ;  probably  not 
less  than * 


1.600-2,  (WO 


1,300-1,800 


70U-i,r,(>o 


1,0IH»|. 


3.500 


In  a  recent  paper  on  the  valley  rocks  of  northwestern  Georgia,  Mr. 
Hayes  assigns  a  thickness  of  1,G00  to  2,000  feet  to  the  Connasanga 
(=Montevalloof  Smith)  shales;  2,000  to  3,500  feet  to  the  Konie  saod- 
stoue  and  Weisner  qnartzite,  and  3,000  feet  plus  to  the  Coosa  shales.* 

In  a  section  at  Mount  Weisner,  Alabama,  Mr.  Hayes  found  a  qnartz- 
ite that  he  considers  to  correspond  to  the  Kome  sandstone.  It  has  a 
thickness  of  about  800  feet,  and  is  in  the  form  of  lenticular  masses  of 
white  qnartzite;  sandstone  and  conglomerate  occur  at  the  base  and 

'  The  Overthrust  faulte  of  the  souihorn  Appalachiaua.    Bull.  Geol.  Soo.  America,  toI.  2,  Feb..  1»L 
p.U3,pl.3. 
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replaoe  a  portioB  of  the  Booie  sandstone.  In  Indiau  Mountain  it  is 
much  thicker  than  in  Mount  Weisner,  and  consists  of  several  beds  of 
quartzite,  with  intervening  masses  of  yellow  sandy  shales. 

The  fossils  collected  firom  the  Goosa  shales  by  Dr.  Cooper  Curtice 
indicate,  as  studied  by  me,  the  Middle  Cambrian  fauna  of  the  northern 
Appalachian  section.  The  Connasauga  shale  is  correlated  by  itH  strati- 
graphic  position  with  the  Knox  or  Upi)er  Cambrian  shales  of  the  Ten- 
nessee soction.  In  Mr.  Hayes'  table  the  Borne  sandstone  and  Weisuer 
quartzite  are  placed  on  the  same  horizon  with  the  Knox  sandstone, 
Potodam  or  Chilhowee  of  Smith  and  Safibnl.  That  the  correlation  by 
Messrs.  Smith  and  SaQbrdof  the  Weisner  quartzite  with  the  Cliilhowoe 
is  probably  incorrect  is  supi>orted  by  the  fact  that  the  fauna  of  the 
Coosa  shales  belongs  above  the  Chilhowee  sandstone  in  sections  where 
the  succession  is  undisturbed.  The  Chilhowee  sandstone  fauna  is  tlie 
type  of  the  Lower  Cambrian,  and  the  Coosa  shale  fauna  is  that  of  the 
Middle  Cambrian. 

When  the  maps  of  the  Paleozoic  region  of  Georgia  and  Alabama  are 
l)ublished  geologists  will  have  the  data  for  the  geograjihic  distribution 
of  the  Cambrian  rocks,  and  also  sections  showing  the  relative  position, 
thickness,  and  the  variations  in  the  character  of  sedimentation  from 
the  south  to  the  north  as  tlie  formations  pass  to  the  north  into  Ten- 
nessee. 

ALABAMA. 

Our  knowledge  of  the  Cambrian  rocks  of  Alabama  is  largely  obtained 
from  the  Eeport  of  Progress  for  1875.  The  nomenclature  adopte<l  for 
the  fossiliferous  sedimentary  rocks  up  to  the  base  of  the  Knox  dolomite, 
by  Prof.  Safibrd,  in  Tennessee,  is  followe^l  by  Prof.  E.  A.  Smith  in  this 
report  To  the  Primordial  or  Cambrian  series  he  assigns  the  Acadian 
epoch,  or  the  conglomerates  and  slates  corresponding  to  the  typiciil 
Ocoee  section  in  Tennessee.  To  the  Potsdam  epoch  he  confines  the 
Chilhowee  sandstone  of  the  Tennessee  section.  The  Knox  sandstone 
unci  Knox  shales  are  referred  to  the  Canadian  period.  The  term  <<  Cal- 
ciferous  sandstone"  is  used  as  the  equivalent  of  Knox  sandstone,  and 
^^  (Quebec  shales  "  of  the  Knox  shales.  The  section  of  the  Acadian  slates 
and  conglomerates  in  Talladega  County  is  considered  by  Prof.  Smith 
typical  of  this  series  in  Alabama.^    The  description  is  as  follows : 

The  weateru  border  of  the  Metamorphic  rocks  iu  Alabama  is  fonneil  by  a  belt  of 
BlateH  and  conglomerateH,  semi-iiietaniorphlc  in  aspect,  audof  varyinj;  width,  but  per- 
haps of  an  average  width  of  six  miles.    These  rocks,  which  in  every  respect  seem  to 
bo  the  exact  equivalents  of  Prof.  Safibrd's  Ocoee  Slates  and  Conglomerates,  are  ro 
ferred  like  them  to  the  Acadian  epoch.'^ 

The  stratigraphic  succession  of  the  beds  is  not  well  determined. 
There  is  a  belt  of  greenish  talcoid,  or  hydro-mica  slate,  and  a  series  of 
conglomerates  which  are  sometimes  a  slaty,  arenaceous  rock,  but  often 


>  Ueport  of  Progrotw  uf  tho  Geolu^ioal  Survey  or  Alabama  for  1875.    Muntgomory,  187G,  pp.  13-17. 
»Op.oit.,i>.i27. 
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qaite  massive,  and  macle  op  of  lamps  of  pebbles  of  opalescent  qnarts 
and  opaque  white  feldspar,  held  in  a  matrix  of  greenish  talcoid  matter. 
Of  the  second  division,  or  the  Potsdam,  it  is  said : 

Next  in  ttscendiog  order,  to  the  slntos  and  couglomerates  of  the  preceding  gronp, 
oomea  a  series  of  sandstones  which  form  the  most  conspicuoas  moantaina  oatside  th« 
Metamorphic  and  Acadian  areas.  The  direct  superposition  of  this  sandst-one  upon 
the  slates  of  the  Acadian  &^e,  I  have  not  seen  in  Alabama,  anless  on  the  eastern  edgfl 
of  that  belt,  the  prominent  sandstone  or  quartzite  ridge  be,  as  seems  quite  probable, 
metamorphosed  Potsdam  sandstone.  In  the  disturbed  region  of  the  Eabatchee  HilU, 
also,  half  metamorphosed  slates  are  seen,  some  of  which  may  belong  to  the  Acadian 
epoch,  whilst  others  are  evidently  altered  Knox  shales. 

Fine>grained  conglomerates,  heavy -bedded  sandstones,  and  sandy  shales  make  np 
the  great  mass  of  the  rocks  of  this  formation.  I  have  noticed,  also,  occasionally, 
masses  of  a  brownish  porous  chert,  which,  from  its  association  with  the  sandstooeii, 
seems  to  be  of  the  same  age. 

In  general,  the  rocks  of  this  formation  are  heavy  bedded,  almost  maasive,  and  the 
higher  crests  of  the  Potsdam  Mountains  are  usually  covered  with  huge  blocks  of 
sandsume  and  fine-grained  conglomerate.  In  the  lower  parts  of  theae  ranges,  saodjr 
shales  are  the  prevailing  rocks.  *  *  *  The  most  characteristic  markings  of  the 
rocks  of  this  foruiatiou  are  the  sandy  rods,  caused  by  the  filling  in  with  sand  of  the 
burrows  of  a  marine  worm,  Scolithut  linearU,  Upon  the  bedding  planes  of  the  sand- 
stones, small  rounded  depressions  or  dots  mark  the  cross-sections  of  these  Scolithoi 
burrows.  As  yet  I  have  found  no  other  marks  of  organic  origin  in  strata  of  this 
horizon.     •    •    • 

The  nature  of  the  rocks  of  this  group,  conglomerates,  sandstones,  and  sandy  sbolai, 
the  fossil  markings,  principally  the  burrows  of  marine  worms,  etc.,  all  point  to  a  sea- 
shore origin.* 

From  the  })receding  descriptions,  the  equivalency  of  the  Ghilhowee 
sandstone  and  quartzite  with  that  of  Alabama  is  extremely  probable, 
if  not  certain. 

Of  the  succeeding  formation,  the  Knox  sandstone,  the  following  de- 
scription is  given: 

The  n>ckH  uf  thiK  group  succeed  next,  iu  ascending  onler,  the  Potsdam  sand6t4>iie, 
and  tlicy  aro  often,  no  doubt,  found  resting  directly  upon  that  rock.  I  have  m^t, 
howcvor,  oftou  Hccn  thcni  in  this  position  ;  but  much  oit<suer  jnst  on  the  southeast sido 
of  a  fault  by  wliicli  they  have  been  raised  to  the  level  of  a  much  higher  formation. 
This  sandHtoiie  is  more  generally  associated  with  the  shales  of  the  next  higher  group, 
and  t1iC8o  with  dolomite,  so  that  three  groujis  arc  usually  closely  associated  gcograpK- 
ically  us  well  as  liihologicalfy, 

A  calcareous  Handstone,  sometimes  thick,  sometimes  thin  bedded,  is  the  character- 
istic Knox  sandst^uie. 

It  is  associated  with  hard  calcareous  shales  much  like  the  shales  of  the  next  hic^her 
diviHion.  The  budding  pianos  of  the  sandstone  commonly  show  ripple  marks  and 
irre;j;iilar  raised  markini^s,  which  are  commonly  suppusMl  to  be  fucoidal  impressioDS. 
The  ItiMldin^  planes  arc  also  frequently  smooth  and  shining  as  if  jwlished.  Green 
grains  of  glauconitic  mineral  are  usually  to  be  seen  upon  a  fresh  fracture  of  the  sand- 
stone ;  upon  weathered  surfaces  the  brown  color  of  hydrated  ferric  oxide  is  often 
the  rcNult  of  the  decomposition  of  this  mineral.  The  colors  of  the  Knox  sandstone 
are  pleasing  to  the  eye,  and  are  gray,  greenish  brown,  buft',  chestnut  colored,  etc. 
iJrds  of  doloinit't?,  iinpuro  and  cherty,  are  found  in  the  iq)per  part  of  this  formation; 
two  Hn<!h  calcareouH  \hk\h  were  noticed  in  the  exposure  of  Knox  sandst'One  at  the 
JackHon  HlioalN  aiul  also  at  llulena.     •     •     • 
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It  [Knox  sandstone]  woald  natarally  be  looked  for  overlying  directly  the  Pot«dam 
sandstone  of  the  nionntains  enumerated  in  a  previous  section;  but  it  Ih  not  always 
easy  to  distinguish  it ;  since,  however,  these  ridges  of  Potsdam  sandstonu  hsive  »  well 
defined  belt  of  Knox  shales  on  their  eastern  and  southeastern  Hanks,  the  Knox  saud- 
stone,  probably  in  most  cases,  intervenes  between  the  two.* 

It  will  be  noticed  in  tbe  description  given  of  the  Kiiox  KaiulHtoiie 
that  its  direct  snperposition  upon  the  massive  ^^  Potsdam  ^  saiulKtoiie 
has  not  been  observed.  I  think  that  as  in  Tennessee  the  Knox  sand- 
stone may  be,  in  part,  the  equivalent  of  the  sandstone  reterred  to  the 
Potsdam  or  the  Chilhowee  sandstone.  It  is  probably  the  accumala- 
tion  of  sand  and  shale  deposited  while  the  sediments  of  the  more 
massive  sandstones  were  accumulating  nearer  the  coast  line. 

The  Knox  shales  rest  conformably  upon  the  Knox  sandstone  series 
and  correspond  in  their  description  closely  with  the  Knox  shales  of 
Tennessee.    Of  these  beds  Prof.  Smith  says: 

The  characteristic  rocks  of  this  subdivision  of  the  Knox  group  are  calcareous  shales 
of  bright  and  agreeable  colors,  usually  gray,  buff,  greeuisb,  brown,  cbeHtnut  colored, 
and  red.  The  shales  are  tolerably  soft,  and  in  some  portions  in  weathering,  break  up 
into  small  angalar  pieces  resembling  shoe  pegs.  Strata  of  dark  blue  limestone,  some- 
times banded  with  argillaceous  layers,  are  found,  especially  in  the  uppor  part  of  this 
division.  The  weathering  of  such  limestones  brings  into  relief  the  bauds  or  8trii>es 
of  argillaceous  matter,  and  the  limestone  appears  very  distinctly  banded.  Where 
these  impurities  are  not  so  regularly  disposed  in  layers,*  but  in  patches,  tbe  promi- 
nence given  to  them  by  the  weathering  away  of  the  limestone  gives  them  a  striking 
resemblance  to  half-exposed  fossils. 

In  some  places  layers  of  dark  colored  oolitic  limestone  have  been  observed,  one  of 
the  best  localities  of  this  peculiar  rock  being  at  the  foot  of  the  uiouutain  at  Alpine 
Station  in  Talhidega  County. 

In  the  upper  part  of  the  division  blue  limestone  layers  become  more  frequent,  and 
the  transition  into  the  overlying  Dolomite  is  so  gradual  that  a  line  between  them 
lithologically  is  hard  to  draw.^ 

The  only  instance  mentioned  to  indicate  the  relations  of  the  so-called 
Potsdam  sandstone  to  the  Knox  shales  is  in  the  following  paragraph : 

Between  the  Ladiga  Mountain  and  the  hills  of  Acailiau  slate  in  Calhoun  County, 
there  are  numerous  small  ridges  of  Potsdam  sandstone,  on  the  tlauks  of  which  the 
Knox  shales  seem  never  to  be  wanting.^ 

No  fossiliferous  strata  were  observed  in  this  division. 

The  distribution  of  the  Cambrian  rocks  of  Alabama  is  shown  on  a 
map  accompanying  Prof.  E.  A.  Smith's  outline  of  the  geology,  published 
in  1878.  On  this  map  the  geographic  distribution  of  both  the  Cambrian 
and  Lower  Onlovician  rocks  is  delineated  under  one  color  called  the 
Silurian.  It  includes  all  the  formations  from  the  Clinton  down  to  the 
Acadian.  Of  these  formations  the  Cambrian  includes,  at  the  summit, 
the  Quebec  or  Knox  shale  and  Knox  dolomite,  or  at  least  the  lower 
portion  of  it,  and  subjacent  to  this  the  Calciferous  or  Knox  sandstone, 
beneath  which  the  Potsdam  and  Acadian  are  placed,  the  latter  forming 
the  base  of  the  Paleozoic  series.^ 


*Op.oit.pp.l7, 18.  « Op. cit,  i».  19.  "Op.  ill., p. 20. 

^Outline  of  the  geology  of  Alabama.    Boniey 'h  Ilnudbouk  ot  Alabama,  1878,  p.  139. 
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In  a  refiort  on  tlie  K^^olop^y  of  tlie  Cahiiba  (loal  Field  Pi-of.  En^jene  A. 
Smitii  descrihcK  tlic  Cambrian  rcK;ks  as  tiuw  ovamit  in  tlie  Coosa  Valley 
of  nortlieastern  Alabama.  The  maximnm  thickiieHs  <ciViMi  is  KMMni 
feet  in  theciistern  part  of  the  Coosa  VaUey.  The  sabdivisions  of  the 
Cambrian  reco^^nize-d  aire,  in  ascend injj^  order,  as  follows:  "The  Cw»s;i 
shales,  the  Choccolo<H'^)  or  Montevallo  sliales,  and,  interbedded  with 
the  last  named,  the  Weisner  <|nartzite.  "^ 

The  Coosa  shales  are  tlescribed  lui  thin-bedded  liniestone^s  with  elay 
seams  at  the  biuse,  and  pass  al>ove  into  the  Montevallo  shales, 
which  form  a  ccmsiderable  thickness  of  sandy  shales  of  a  ;;ii'at 
variety  of  colors,  snch  as  olive,  ^reen,  brown,  e^hocolate,  yellowish, 
etc.  In  the  npper  i)art  of  the  Montevallo  shales  beds  of  blue  limestone 
and  ;;ray  dolomite  o<;cnr  whieh  are  ditlicnlt  to  distinguish  from  simihir 
I  rocks  occurring  in  the  superiaci^nt  <lolomite  series.     Ijentieiilar  nnuvs^'s 

of  ((uartzite  many  hnndreds  of  feet  in  thickness  occur  in  the  Montevallo 
shales.  This  (juartzite  is  nameil  the  Weisner  (inartzit(^  fnnn  its  typical 
locality  at  Weisner  Mountain,  east  of  Jacksonville,  and  is  correlated 
with  the  Chilhoweo  formation  of  Prof.  SatVord  in  Tennessee.* 

Fi-om  our  i)resent  knowkMl^e  of  the  forimit  ions  referred  to  the  Cam- 
brian in  Alabama  it  appears  that  they  are  the  continuation  of  those  re- 
ferred to  the  same  group  in  Ceorjifia  and  Tennessee,  though  varying,' 
somewhat  in  the  local  tletails  of  sedimentation,  thickness  of  IkmIs,  aud 
lithologic  characters. 

1^0  section  of  Mr.  C.  Willard  IFayes,  described  under  Georgia,  em- 
braces much  of  the  <;and)rian  strata  that  jiasses  into  Alabama,  ami 
should  be  referred  io  in  this  connection.     (Ante,  !>.  301.) 

K  KSU  Ml';. 

For  a  distance  of  over  1,LMM>  miles  the  pre-Cambriaii  lands  ftumed  the 
eastern  boundary  of  t  his  province  durin;^  tlie  deposition  of  the  sedimeiit-s 
of  Cambrian  tim<;.     From  below  Montreal  to  the  fiM)t  of  Lake  Cham  plain 
ami  thence  southward  to  the  crossing  of  the  Hudson,  below  Poui;li- 
)  kecpsie,  New  York,  and  on  across  New  Jersey,  rennsylvania,  V'irginiii, 

Tennessee,  and  into  Georgia  and  Alabama,  the  rocks  of  this  preCani- 
brian  hmd  form  an  almost  continuous  outcrop  at  the  present  day.  Tiie 
Cambrian  rocks  extend  11)0  miles  farther  to  the  iu)rtheast  from  QuelK^c 
to  the  northern  jiortiou  of  the  peninsula  of  Gjisi)6  ;  but  there  is  now  an 
interval  of  over  200  miles  between  the  Archean  ridges  of  Ciistem  Quebec 
and  the  long,  narrow  Archean  axis  of  the  Gaspc  ])enin8ula.  The  ex- 
posures of  the  Cambi  ian  on  the  coast  of  Labrador,  opposite  tUe  Straits 
of  IJelle  Fsle,  and  those  of  the  west  slu)re  of  Newfoundland,  have  been 
included  in  the  Atlantic  Coast  Province,  but  they  are  quite  as  much  a 

MJroloiiioal  Mtrui'tuir  Hrul  ilt'Miri|»lion  of  tlu»  v:illry  ii';rluu  iiiljiiomit  to  thv  <'nliii)»:i  ('o:il  Kit-H.    Oct«I, 
Siirv*>v  of  Alabama.     Ki'imit.  oji  tlio  Caluihii  Co;il  Firhl,  i»t.  ii,  li'Ui),  p.  US,  (inmud  .lauiiary.  \ifUU. 
•'.>)..  lit.,  i.p.  lib.  lll>. 
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port  of  the  Appalaobian  ProviDce  b;  foniia  nnd  phyRioal  character  aiid 
are  considered  as  a  connecting  link  between  the  two  provinces.  Tiie 
Labrador  depoaits  are  on  the  north  shoro  of  tlie  Cnnibrian  sea,  but 
thoee  of  the  west  shore  of  Xewfonndlaud  are,  in  physical  churnuler  and 
organic  remains,  the  practical  oontinnatioti  of  the  SL'diments  of  the  east- 
ern side  of  the  Appalachian  Province.  If  this  correlation  be  made,  the 
pre-Gambrian  shore  line  is  carried  400  miles  farther  to  tlio  northeast 
and  tbence  to  the  Straits  of  Belle  Isle,  giving  n  nearly  direct  line 
of  over  2,000  miles  that  may  be  incladeil  in  tlie  Appalachian  Province 
with  its  Canadian  extension.  Along  snoh  a  great  extent  of  coast  line 
oneexpeots  tollnd  evidences  of  varying  sedimentation,  both  in  cliaracter 
and  amount;  and  an  examination  of  the  varioDa  geological  sections  of 
Newfoundland,  the  river  Bt.  Jjawrence,  Vermont^  N'ew  York,  and  south 
along  the  Appalachian  range  to  Alahama,  shows  the  most  marked  vari- 
ation, both  on  the  strike  of  the  strata  and  in  proceeding  westwanl 
from  the  ancient  shore  line. 

On  the  Labrador  coast  the  rocks  are  sandstones  followed  by  more  or 
less  impure  limestone.  On  the  western  sliore  of  Newfoundland,  over 
1,4)00  feetof  alternating  limestonea,  shale8,and  qnartzites  rest  conforma* 
biy  upon  600  feet  or  more  of  slates.  For  375  miles  along  the  aonth  shore 
of  the  8t  Lawrence,  from  Oape  Boaicr  of  Gasixi  to  the  vicinity  of  Que- 
bec, the  strata  referred  to  the  Cumbrian  consist,  according  to  Mr.  Jamea 
Itichardaon,  of  quartzite,  with  intercalated  beds  of  conglomerate  hohting 
limestone  iiebbles,  the  whole  forming  a  aeries  GOO  feet  in  thickness. 
This  is  superjacent  to  700  feet  of  gray  Bamlatoiio,  also  carrying  con- 
glomerate, while  beneath  this  a  limestone,  with  congtomomt«a  and 
Itedded  sandstones  towards  the  lower  portion  of  the  ocction,  extends 
downsome  700  feet  more,  giving  over  2,000  foot  as  the  entire  thickness  of 
the  section.  O^lng  to  the  absence  of  pnloontologic  data  there  is  some 
uncertainty  in  referring  all  of  this  series  to  the  Canibriiin.  la  some  of 
the  pebbles  in  the  conglomerates  of  the  upper  jiortion  a  number  of 
«l«'cies  of  the  Oloncllus  fauna  were  found ;  but  no  one  of  the  three  great 
divisions  of  the  Oambrian  lias  been  di»tinctly  rt'cognize/i. 

In  the  vicinity  of  Quebec  the  fltratigrai>hic  snccession  from  below  up- 
ward consists  of  aHucecsHJon  of  lilaok,  gn'vn,  and  gray  shales,  with  hard 
and  heavy  banda  of  gnnm,  aoinetimcut  yellowish  whit*',  quarty.oso  sand- 
at4>no9.  Tliis  is  succeeded  liy  greeniali,  grayish,  and  blockish,  with 
occasionally  dark  n^ldish  or  Dnrjilisb  tintetl  shales,  with  a  Imnd  of  hard 
gntyish  sandstone  Almve  thtjhvtt4.tr  bright  rtHlKhalet(,\vitb  thin  green- 
ish or  grayisii  bands,  whidi  in  places  are  often  luilearooiis,  extend  up 
through  rod,  greenisli  gray,  and  black  ahalcs  with  inu^rstratilled  niiissos, 
often  lenticular,  of  groeniali  and  gniyiah  Sillery  sandstone,  lit  the  iij)- 
por  part  of  this  Inst  s(>rios  ObolcUa  pret'wm  oeciirs.  A  thickness  of 
from  5,000  to  (i,')00  feet  is  estimated  for  the  Caiiibrian  stories,  beneath 
the  graptolitic  shales  of  I'oint  Levis. 

It  will  be  noted  of  this  section  that  the  limestones  of  western  New- 
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fouiidLind  and  the  lower  portion  of  the  south  shore  of  the  St  Lawrence 
are  a1)8ent,  and  that  the  section  is  con]x>osed  almost  entirely  of  arena- 
ci'OiiH  and  argnllaceons  sediments.  A  limestone  conglomerate,  near  the 
upper  portion  of  the  Sillery,  contains  bo  wlders  carrying  the  Olenellos 
fauna,  and  the  Upi>er  Cambrian  fauna  occurs  in  the  basal  conglomer- 
ates of  the  Point  Levis,  grai)tolitic.Lower  Silurian  (Ordovician)  shales. 
Tliose  Im) wlders  appear  to  have  been  derived  from  a  limestone  series 
similar  to  that  now  found  in  Labrador  and  Newfoundland. 

The  strata  referre<l  to  the  Cambrian,  on  the  western  side  of  the  Sat- 
ton  Mountain  anticlinal  or  the  l)elt  extending  southwesterly  from  Que- 
bec to  the  Vermont  boundary,  consist  of  more  or  less  of  the  Sillery 
series,  as  found  in  the  vicinity  of  Quebec;  and,  according  to  Drs. 
Seiwyn  and  Ells,  of  a  subjacent  series  of  hanl  qnartzite  rocks  intcrstrat. 
ifled  with  mica  schist  and  black  slate.  The  volcanic  seiies,  referred  to 
the  Cambrian  in  this  region,  indicates  that  during  earlier  CambriaD 
time  the  volcanic  pnMlucts  were  deposited  contemporaneously  with  tbe 
included  sandstones  and  slates,  thus  giving  a  phase  of  sedimentatiou 
not  known  elsewhere  in  the  Cambrian  of  the  Appalachian  province. 
For  this  reason  and  from  the  fact  that  there  is  not  any  pale^ntologic 
evidence  of  the  age  of  this  volcanic  series  I  am  inclined  to  think  that 
it  may  belong  to  some  pre-Cambrian  terrane. 

Entering  the  northern  end  of  the  valley,  between  the  Green  Moan- 
tains  and  the  Adirondacks,  a  sudden  change  occurs  in  the  sedimenta- 
tion.   At  the  base,  the  Olenellus  fauna  ranges  through  1,000  feet  of 
magnesian  limestone,  and  for  2«50  feet  higher  up  in  arenaceo-argilla- 
ceous  shales.    More  or  less  arenaceous  matter  is  associated  with  the 
limestones,  and,  about  2,000  feet  above,  a  great  lenticular  mass  of  lime- 
stone occui's  in  the  argillaceous  shales,  in  which  a  fauna  of  Upper  Cam- 
brian aspect  is  found.    At  other  localities  this  fauna  occurs  in  the 
shales  themselves  and  in  a  brecciated  limestone  at  the  same  relative 
horizon.    As  far  as  lonown  the  upper  ])ortion  of  the  Cambrian  is 
formed  of  the  shaleKS.     Proceeding  southward  arfd  nearer  the  old  coast 
line  im  Addison  County,   Vermont,  the  limestone  series  is  found  to 
graduate  into  the  Granular  Qnartzite  or  the  beach  sand.     From  this 
point  this  shore  deposit  is  trace<l  without  interruption  to  the  Massa- 
chusetts boundary;  and  then,  with  more  or  less  interruption,  to  the 
Hudson  Kiver  below  I'oughkeepsio,  New  York.    It  is  taken  up  again 
in  New  Jersey,  and  thence  may  be  followed,  with  some  interruption, 
across  Pennsylvania  to  Maryland,  whence  it  extends  as  an  almost 
continuous    formation   across  Virginia  into  Eastern  Tennessee,  and 
thence,  with  someinterrui)tion,  into  Georgia  and  Alabama.    On  all  this 
huig  line  it  forms  the  basal  member  of  the  Cambrian ;  and  wherever  fos- 
sils have  been  found  in  it  they  belong  to  the  Olenellus  or  Lower  Cauv- 
brian  fauna. 

The  oftshore,  or  deeper  water  deposits,  are  represented  by  finer- 
grained  sandstones,  shales,  slates,  and  limestones.    lu  southern  Yer- 
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mont  they  form  the  roofing-slate  belt  that  i^asses  into  New  York,  where 
the  section   comprises  some  12,000  feet  of  shales^  slates,  and  iuter- 
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bedded  sandstones,  with  more  or  less  calcareous  matter,  either  as  brec. 
ciated  conglomerate  or  as  thiu-bedded,  inteitialated  limestones.  These 
extend,  with  some  change  in  their  character  and  regularity  of  exposure, 
to  the  Hudson  Biver  in  Dutchess  County.    Near  iStissingyille,  in  this 
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oonnf.y,  the  banal  Raiulfltono  rests  ii])oii  the  pre-Garobrian  anil  contajos 
the  Olenellus  fauna.  A  few  reuiaiiiH  of  the  latter  have  also  been  foiiDd  in 
the  iuinicdiat^)  superjacent  limestone.  The  Middle  Cambrian  and  Upper 
Cambrian  faunas  occur  in  bedded  limestones  As  the  qnartzite  exposed 
on  the  eastern  side  of  the  limestones  of  the  << Marble  Belt"  represents 
but  a  very  small  portion  of  the  great  series  of  shales,  slates,  etc.,  of 
the  Cambrian  on  the  western  side  of  the  ^'  Marble  Belt,"  it  is  probable 
that  the  lower  portion  of  the  limestone  is  of  Cambrian  age,  the  same 
as  in  Dutchess  County.  This  observation  also  applies  to  the  basal 
limestone  in  New  Jersey  and  Pennsylvania,  where  there  is  very  little 
thickness  of  shales  between  the  basal  quartzites  and  the  limestone.' 

Jn  central  Virginia  the  lower  1,0(M)  feet  of  the  section  is  composed  of 
an  altenitition  of  shales  .lud  sandstones,  while  the  upper  1,400  feet  is 
ncjirly  all  shales  and  slates,  capped  at  the  top  by  a  rough  siliceoas 
limestone. 

In  Tennessee  the  qnartzite  is  developed  to  a  great  thickness.  Tlic 
qnartzite  is  of  Ijower  Cambrian  age,  and  the  Enox  series  of  shales 
are  characterized  in  their  up])er  portion  by  the  Upper  Cambrian  fauna, 
which  x)iisses  above  into  the  base  of  the  great  limestone  series.  As  fsir 
as  known,  the  conditions  in  the  sedimentation  of  the  Alabama  and 
Ceorgia  sections  <are  very  much  like  those  of  Tennessee. 

Briefly  summarized,  the  sediments  along  the  southern  ]>ortion  of  the 
const  line  are  sandstones  followed  by  shales  and  limestones.  More  or 
less  variation  occurs,  but,  as  a  whole,  thechange  is  gradual  as  we  follow 
the  coast  line  to  the  north.  In  central  Virginia,  300  miles  to  the  north- 
east, the  argillaceous  deposits  are  more  abundant  in  the  lower  iiortion, 
and  they  form  the  greater  part  of  the  upper  series  to  the  base  of  the 
limestone. 

From  Virginia  northward  Jicross  Maryland,  Pennsylvania,  and  New 
Jersey,  and  into  New  York,  the  argillaceous  material  accuraulatiMl  in 
relatively  small  proportion  U)  the  arenaceous  beneath  and  the  e^ilcart'- 
ous  above.  How  much  of  the  latter  is  to  be  referred  to  the  Cambrian, 
is  y*»t  undetermined.  Our  knowledge  of  the  series  in  Pennsylvani:i 
J  snid  New  Jersey  is  too  limited  to  make  an  accurate  comparison  with 

<)tlier  sections. 

In  western  iMassaclmsetts  and  Vermont  and  eastern  New  York  there 
aic»  iniiiH'diale  <*ojist-line  deposits  and  also  those  of  deei>er  water. 
Along  the  <'.oast  line  Mirre  was  a  great  aecuniulation  of  sand,  followeil 
by  some  argillaceous  and  then  ealeareous  mud.  Farther  to  the  west 
tho.  argillaceous  material  ])re(lominat(»s  and  the  arenaceous  and  cal- 
careous forms  but  a  slight  projiortion  of  the  great  thickness  of  seili- 
nicnt.  To  the  north  these  conditions  remain  until,  in  northern  Ver- 
mont, the  calcareous  matter  predominates  in  the  lower  portion  of  the 

'  Tlu'  iiniioiiiKViiiriit  \v:iM  iii:uli>  a1  Mu-  Dim'oihImt  iiiiM't.iu;;  of  tin' (iiM>lo>;icaI  Sttciftty  nf  AiiiiTiraftt 
WiiHliiii^fnii  tli.'it  tlii>  ()1i>ni>lliH  f:iiiiiii  h:i(]  Ihm>ii  foninl  in  tho  i|u;irt./iti«  in  Mew  tT4M'rioy,  and  Canibrii&n 
foHMilrt  in  lh««  ]iiii<*.stoni-s  hImivi'  (Ih*  quartziti'  in  Nrw  tIrrMi\v  and  ut  itntluml,  Vurniont. 
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section,  and  Uio  apper  portion  is  almost  entirely  argillaceons.  In  the 
vicinity  of  Qaebec,  sandstones  and  sbales  make  np  the  section,  and 
along  the  Lower  St.  Lawreuoe,  shales,  sandstones,  and  limestones. 

Asa  whole,  the  Appalachian  Province  is  one  of  varied  sedimentation, 
and,  from  the  character  of  the  sediments  and  determined  fossils  now 
found  in  them,  they  were  largely  accnmnlated  along  a  gradually  sinking 
coast  line.  The  northern  and  western  shore  line  exhibits  only  the  con- 
tact of  the  sandstones  of  the  Upper  Cambrian  that  overlap  upon  the 
pre-Cambrian  rocks.  Erosion  has  removed  them  to  a  large  extent,  and 
south  of  the  Adirondacks  tlie  western  coast  line  is  unknown.    (Fig.  2.) 

BOCKY  MOUNTAIN  PBOVINCB. 

For  the  purpose  of  description  the  area  of  Cambrian  rocks  in  the 
llocky  Mountain  Province  includes  the  Cambrian  outcrops  of  northern 
and  western  Utah,  Nevatla,  eastern  Idahoj  the  Gallatin  Kiver  district 
of  Montana,  and  the  Canadian  extension. 

UTAH  AND  NEVADA. 

The  Cambrian  rocks  of  Utah  and  Nevada  are  considered  together, 
owing  to  their  having  a  common  base  in  the  presence  of  the  Olenellus 
zone,  the  strata  of  which  rests  conformably  upon  a  great  series  of  sili- 
ceous and  arenaceous  shales  and  sandstones,  and  massive  quartzites. 
In  Nevada  the  section  is  much  more  complete  and  reaches  a  far  greater 
dexielopment  both  in  amount  of  sedimentation  and  the  presence  of 
organic  remains.  The  section  studied  by  Messrs.  Hague  and  Walcott 
in  the  Eureka  district  may  be  considered  typical  of  the  Cambrian  rocks 
of  central  Nevada.  It  embraces  five  formations,  all  of  which  are 
described  by  Mr.  Arnold  Hague  in  the  abstract  of  his  report  on  the 
Geology  of  the  Eureka  district.' 

The  Prospect  Mountain  quartzite  that  lies  at  the  base  of  the  series 
has  a  thickness  of  1,500  feet  on  Prospect  Peak.  It  is  distinctly  be<lded 
and  comformably  subjacent  to  a  baud  of  arenaceous  shale,  in  which  the 
Olenellus  fauna  occurs.  It  is  referred  to  the  Cambrian  by  Mr.  Hague, 
and  I  am  now  of  the  opinion  that  tliis  should  be  done,  although  I  have 
held  the  view  that  the  Olenellus  zone  sliould  be  considorod  the  base  of 
the  Cambrian,  and  the  Prospect  Mountain  quartzite  I  tent^itively  re- 
ferrtMl  to  an  Algonkian  formation.  Tht^  subjiiccnt  band  of  arenaceous 
shale  is  mentioned  by  Mr.  Hague  in  his  report  of  1881, ^  but  not  in  the 
more  complete  description  of  1882.  In  the  review  of  the  Eureka  section 
by  Mr.  C.  D.  Walcott  in  188G  this  formation  is  spoken  of  its  follows: 

At  tlio  Hiimnut  of  1  tho  qiiartzito  bocoinna  moro  thinly  boddod  niid  paRHoH  into  an 
areuacoons  Hhale  which  in  more  or  Iohh  oalcaroouH  and,  in  itn  cxtenHion  northward,  is 
replacefl  by  limoHtono.  This  bolt  of  shalo  and  linioHtono  ia  from  100  to  2(M)  foot  in 
thickness  and  carries  nnnierous  fran^montHof  fossils,  among  which  we  liavo  determined 


*  U.  S.  (Iwl.  Snrv.,  ?d  annnal  report,  1881 -'82, 1883.  pp.  l»51-2r.9. 

*Roport  (on  work  in  Bureka  Dmirict).    U.  S.  G<hiI.  Surv.,  'Jd  Ann.  Hvnu,  1880-'81,  p.  29,  1S82. 
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six  RpecieH,  viz,  Kutorgina  pronpcctcnshj  SceneVa  conula,  Olenoidfs  quadricep9,  Olemeflun 
yilberlif  O.  iddingtfi,  Anotnooare parvunif  iuid  lUychoparia  si}.V 

The  second  formation  is  the  Prospect  Mountain  limestone.  This  is  a 
massive  limestone  crystalline  and  granular  in  texture. 

Interstratified  in  the  llmestoDe  are  irregalar  beds  of  shale,  leDtionlar  or  wed{^ 
shaped  bodies,  varying  greatly  in  width.  Indeed  they  form  a  characteristic  featnre 
in  tbe  limestone,  which  passes  readily  from  massive  to  shaly  beds.  Two  of  the  shale 
bands  are  (inite  prominent  to  the  north,  bat  are  lost  to  the  southward.  The  thick- 
ness of  the  beds  may  be  taken  at  3,050  feet.* 

Formation  No.  1,  the  arenaceous  shale,  between  the  quartzite  and  the 
limestone  on  Prospect  Peak,  is  more  or  less  a  local  formation,  but  it  is 
apparently  the  zone  of  Olonellus,  and  the  limestones  above  are  not 
known  to  be  characterized  either  by  Olenellus  or  the  typical  forms  of 
that  fauna.  Five  hundred  feet  above  the  base  of  the  Prospect  Moun- 
tain limestone  there  occurs  in  a  band  of  shale  Scenella  conuZa,  AgnastM* 
interstrictus  t  Olenoides  quadricepSj  Ptychoparia  prospecten^ut.  All  bat 
the  last  are  closely  related  to  species  from  the  upper  beds  of  the  Geor- 
gia horizon,  in  either  Vermont  or  Canada.  One  other  species,  Stcn- 
otheca  elongataj  whicli  is  found  associated  with  Olenellus  thompsoni^ 
Protypus  senectusj  etc.,  at  L'Anse  an  Ijoup,  is  found  2,000  feet  higher  np 
in  the  limestone.  Another  si)ecies,  Olenoides  spinosuSy  is  found  in  asso- 
ciation with  species  characteristic  of  a  lower  horizon  than  the  typical 

{  Potsdam  of  Eureka,  at  Pioche,  Nevada.^ ' 

n  Within  a  short  distance  of  the  summit  of  this  limestone  the  fauna 

has  the  general  facies  of  that  of  the  upper  Cambrian  or  Potsdam  hori- 
zon ;  still  as  a  whole  it  occupies  the  position  of  the  middle  Cambriao 
fauna  as  the  faunas  are  now  classified.  That  it  sustains  this  view  was 
pointed  out  by  Dr.  W.  C.  Brogger,  in  his  admirable  paper  on  the  "Age 
of  the  Olenellus  zone  in  North  America.^'*  He  compares  the  fauna  of 
the  Prospect  Mountain  limestone  with  that  of  the  Paradoxides  zone  of 
Europe  and  concludes  that  with  the  exception  of  the  lowest  part  of  the 
Olenellus  zone  it  must  corres))ond  most  nearly  to  the  middle  and  upper 
part  of  the  Paradoxides  deposits  of  Scandinavia.  His  conclusions  are 
based  almost  entirely  upon  the  presence  of  the  various  species  of  the 
genus  Agnostus.  From  the  results  of  my  studies  since  1886, 1  am  pre- 
pared to  accept  this  view  of  I)r  Brogger's  and  to  consider  the  Pros- 
pect Mountain  limestone  as  representing  the  Middle  Cambrian  or  Para- 
doxides zone  of  the  Atlantic  Coast  Province.  A  list  of  species  pub- 
lished in  188G  is  as  follows:* 


j- 


r 


'  Second  coutribution  to  the  studies  of  the  Cambrian  fannas  of  North  America.  U.  S.  Geol.  Sarrvy. 
Bull.  No.  30,  1886.  pp.  30,  32. 

'Hai^ae,  Arnold.  Abstract  of  Report  on  Geolo^ry  of  the  Earcka  District,  Nevada.  U.  S.  €kcJ. 
Surv.,  3d  annual  report,  1881-'82,  1883,  p.  255. 

*  Second  Contribution  to  the  studies  of  the  Cambrian  fannas  of  North  America.  U.  S.  OeoL  Sanrej, 
Bull.  No.  30, 1886,  p.  32. 

^Om  alderen  af  Olezellua  znnen  i  Nordamcrica.  (t)n  the  age  of  the  Olenellna  sone  in  North 
America.)    Aftryk  ur  Geol.  Toron.  i  Stockh.  Fcrhan,  No.  101,  Bd.  8,  1886,  pp.  182-313. 

*  U.  S.  Geol  Surv.,  BtiU.  No.  80,  p.  32. 
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Obolclla  (likeO.  pretioea). 
Lin|;u1u  nianticula. 
Kiitorglna  whitfieldi. 
Orthis  eurekensia. 
SteDothoca  elongata. 
AgnostoB  Goinniania. 

bidens. 

neon. 

riohiiiouflonsis. 


Prptyims  senootus. 

espansiis. 
Dicellooephalos  f  nasntiis. 
Ptycboparia  oweui. 

baj^aei. 

occidentalis. 

disaimiliB. 
OlenoideH  spinosus. 


Of  tbe  sacceeding  formatioD,  or  the  Secret  Oaiioii  shale,  Mr.  Hague 
says: 

Tbe  PiiMipect  Mountain  limestone  paases,  by  gradual  transi lion,  from  sbaly  lime- 
stone into  bn>wn  and  yellow  argillacoonB  sbales.  *  *  *  In  tboir  broadest  de- 
velopment tbey  mt^asure  1,600  feet,  altbougb  in  places  wbere  tbey  are  encroached 
opon  by  the  Hamburg  limestone  tbey  occur  considerably  thinner.* 


.  Only  a  few  scattering  fossils 
Secret  Canon  shale,  bat  near  the 
teristic.    It  includes,  according 

Protospongia  fenestrata. 
Lingulepis  maera. 

minuta. 
Lingulaf  nianticula. 
Ipbidea  depressa. 
Acrotrcta  gemma. 
Kutorgina  minutissima. 
Hyolithes  primordialis. 
Agnostns  communis. 

bidens. 

neon. 

seclnsns. 
Dicellocephalns  f  nasutus. 


are  fonnd  in  the  lower  portion  of  the 
summit  of  the  fauna  is  large  and  charac- 
to  Mr.  C.  D.  Walcott,  tlie  following :  • 

Dicellocephalns  richmondensls. 
Ptycboparia  pernasuta. 

laticeps. 

bella. 

linnarssoni. 

oweni. 

baguei. 

siiuilis. 

nnisnlcata. 

beviceps. 
Cbariocephalus  tumifrons, 
Ogygiaf  problematica. 


Of  the  species  in  this  list  DiJcelocephalus  1  nasutvs^  and  D,  richmon- 
densis  do  not  belong  to  the  genus  Dikelocephalus  and  the  form  referred 
to  Ogygiaf  problematica  represents  an  undefined  genus.  As  a  whole,  as 
suggested  by  Dr.  Brogger,  this  horizon  may  possibly  be  referred  to  the 
Faradoxides  zone. 

Kumber  4  of  the  section,  or  the  Hamburg  limestone,  is  a  dark  gray 
and  granular  limestone ;  surface,  weathering  rough  and  ragged;  only 
slight  traces  of  bedding.  Very  few  traces  of  fossils  were  found  in  the 
entire  1,200  feet  of  rocks  referred  to  this  formation. 

No.  5,  or  the  Hamburg  shale,  resembles  the  Secret  Caiiou  shale  except 
that  it  is  by  no  means  as  uniform  in  composition,  showing  very  rapid 
changes  in  conditions  of  deposition  and  becoming  more  or  less  arena- 
ceous and  calcareous  throughout  its  development  as  well  as  in  its  lateral 
extension.    Throughout  its  entire  thickness  of  350  feet  fossils  are  more 

>  Abstract  of  Reimrt  on  Qeology  of  the  Eureka  DUtriot,  Nevada.    U.  S.  GeoL  Sarv.,  3d  Annual 
Beport.  1881-1882, 1883,  p.  856. 
•Ibid.,  p.  82. 
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\  or  loRR  ahiuulant,  but  especially  so  near  the  snmmit  where  tLero  were 

|i  obtained  the  followmi? : 

li  Lingiilopia  inwra. 

il  niinuta. 


Lingnlaf  mauticula. 
' !  OUolnlla  cliHCoidea. 

Acrotrota  gonitiia. 
]  Kiitorf;iiia  iiiiiintiBHima. 

I J  AgnoHtuB  cdDimuiiiH. 

Ij  bulcnH. 

neon, 
prolonp^na. 
ii  tnoiidoHiis. 

}i  tnmifrons. 


Dice]1oce]»ha1u8  anf^iifltifroiifl. 

marica. 

biloboB. 

OBcoola. 
Ptychoparia  affinia. 

owoni. 

haguoi. 

p^anulofla. 

Hinmlator. 
,    nnimilcata. 

brovicops. 
Arethnsina  amoricana. 
PtycliaspiH  uiinnta. 


•  Diccllocoplialus  ?  nasntnR. 

,f  "Tliree  of  these  species,  ITyolitheM  primordialis,  DikelocepJutlus  oseeola 

\\  and  Ptychtutpisminutaj  are  identical  with  forms  from  the  Potsdam  sand- 

stone of  Wisconsin."  ^    As  a  whole  the  fauna  is  of  the  general  facies  of 
tliat  of  the  Potsdam  zone  of  New  York  and  the  Mississippi  Valley. 
'^  This  is  found  in  the  Hambnrg  shale,  but  in  the  overlying  Pogonip  lime- 

stone there  is  an  assemblage  of  species  that  combine  both  Gambriau 
and  Lower  Silurian  (Ordovicianj  types.  A  short  distance  above,  the 
fauna  is  comparable  to  that  of  the  Oalciferous  and  Ohazy  groups  of  the 
New  York  section. 

ThA  transition  from  the  Cambrian  to  tlio  Silurian  [Ordovioian]  fanna  ift  very  grad- 
nal,  and  Rucb  as  would  occur  whoro  tbcro  wa8  no  marked  pbyHical  diHturbanco  to  iu- 
Ihicnco  the  fannal  clian^e  rcHultin^  from  tlio  natural  dyini;  out  and  dovelopment  of 
Hl>ccio8or  tln^  influx  of  now  Hpocios  from  other  arean. 

Of  the  Hpoc.ies  occnrrinjij  bolow  the  passage  beds  three  are  identical  with  species  <►€- 
curring  in  the  PotwlamHundHtone  of  Wisconsin,  viz:  HyoUthe^  primordialh,  Dictihcc- 
phalus  oBveftla,  mmI  J^tyohaspit  ininuUi  ;  one,  with  A crotreUi  gemma  of  the  Calcifontii!) 
formation  of  Newfoundhind  ;  and  JHychoparia  oweni  is  a  Cf»mnion  species  of  the  r«>tfi- 
dam  horizon  iu  Montana  and  Dakota.  Tliese  specific  Identifications  and  the  gront 
development  of  s]>ecieH  of  th»)  genera  Agnostus,  Dieellocephalus,  and  Ptychoparin  in 
the  nii<ldle  and  upper  portion  of  the  Cambrian  section,  furnish  abundant  evidriici' 
upon  which  to  correlate  the  fauna  and  tlie  geologic  horizon  at  which  it  occurs  with 
J  the  Pot^lam  fauna  and  formation,  as  was  thme  by  Messrs.  Ilall  and  Whitfield  ((irol. 

,'  Kxjil.  Fortieth  Par.,  vol.1,  1S77,  p.  UK)).     Of  the  Pi>ts(lam  fauna  eleven   gnnera  and 

tifUM'ii  Mpeeirs  continue  on  intnth(>  iiassage  fauna,  viz  :  (species  <»fthe  PotHdani  faun:i 
an*  ]triiitrd  in  italics):  lAntjnUpiH  mnra^  L.mlnnta^  Lingular  mantieula^  iy\fw\i\A  (a\*. 
mult.),  Arroir t'ta  gommiiy  iichi/.nmhou  typicalis,  Oholella  ambigua,  O.  t1imi»idea,  [.rp- 
tana  tmUtaj  Ortliis  hamhurgt^nsis,  O.  tcstudiiiaria,  Triplesia  calcifera,  Tellinouiya .' 
liamhurgtMisis,  Agiio»tnH  eomnuniiftj  A.  hidriis,  A.  n/.o/i,  l)ieelIoc(*phalus  linalis.  \K  in- 
expcctauH,  Ptyr.hdparia?  anuectans,  Plyrhnparia  Uj[llni»,  P.  granulosim^  /».  htiymi,  I*. 
otrcfii,  /*.  uuistilratfis^  Arcthusitia  amaricatta,  Amphion  (sp.  undt.)  Harrandia  marceyi, 
llI.-i-nuruseun'kenNls,  Asaphus  e:irihou«MiHiM. 

In  tho  next  superior  grouping,  abont  midway  of  the  Pogonip  group,  all  the  middle* 
Cambrian  gem^ra,  with  the  exception  of  Orthls  andllla^nuruR.  have  disappean'd,  anil 
higher  up  the  genera  Reei'ptaeulites,  Cli:itetes,  Pleurotouiaria,  Maelurea,  Cypha*-?!*. 
JiathyuruH,  and  Asaphus  t^arry  the  fauna  up  to  Mio  summit  of  the  formation  when^ilie 
giMiera   Jvi'ceptarulites,    Ptilodirtya,    ('li:i'i.eteH.   StrophonuMia,    Drthis,  Tellioomya, 
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Hodiolopdis,  Maolarea,  Crytolites,  Ortboceraa,  Eutloceras,  Culeoprion,  Leperditia, 
Beyrichia,  Ajnphion,  GeTuarus,  nod  ABapliiia  give  it  a  faoles  approaching  that  of  tho 
Lower  Trenton  and  indicating  a  Tiorizon  that  is  considered  to  bo  in  a  measure  tlie 
equivalent  of  that  of  the  Cliazy  foruiation  of  New  York  and  Canada.  Tho  fauna  of 
the  lower  portion  of  ihePogonip  group  dbrreeiMindH  in  the  Bame  inauiior  to  tliut  of 
the  Calciferons  sand-rook  of  the  same  region.  The  large  number  of  iudividu.'iis  of 
the  species  of  Koceptaoulites,  Ji,  mammillaris  especially,  gives  the  fauna  of  the  nppor 
boiis  a  chanMster  that  this  horizon  has  not  hitherto  ]ia<l.  This,  united  wilh  Ht)voriil  of 
the  Trenton  species,  viz,  OrthU  ttntudiuaria,  O.  triceaaria,  O.  pervetttf  Tellinomya  con- 
traota,  two  species  of  Modiolo^mis  allied  to  Trenton  forms,  and  Jiaphistoma  /la^ont, 
strongly  foreshadows  the  opening  of  tho  Trenton  period.' 

The  section  of  the  Ilighland  Kauge,  1125  niilos  Hoiith  of  the  Eureka 
section^  gives  a  greater  variation  of  sedimentation  in  the  lower  portion 
and  less  in  the  upper  as  compared  with  the  Eureka  section.  The  High- 
land Range  has  a  more  abundant  and  more  varied  fauna  in  the  lower 
1,500  feet  above  the  quartzite,  while  in  the  Eureka  section  the  upper 
or  Potsdam  fauna  is  much  larger  than  in  the  Ilighland  section.  In  eacli 
instance  a  massive  limestone  Ivm  re]>hiced  a  succession  of  limestones 
and  shales.  The  Highland  Uange  section  measuring  from  the  base  is  as 
follows : ' 

Feet 

(1)  Dark  reddish  brown  (|iiart/.iii),  evenly  be<ldcd,  and  ripple-marked  in  suuie 

places • itV) 

(2)  Bluish  gray  limestone 35 

Fossils:  iHencUus  yilberti. 

(3)  Buff  argillaceous  and  arenaceous  sluib's,  more  or  less  solid  near  the  baso 

and  laminate<l  in  the  up[>er  iiortions bO 

Fossils:  Annelid  trails  and  fragments  of  Oleiiellus  in  Ihi*  lower  part. 
Higher  up  the  heads  of  Olcnollus  gUberti  and'  O.  iddimjai  occur  in 
abundance. 

(4)  Light-colored  gray  limestone  and  bluish  black  limestone IG 

(5)  Sandy,  butl-ctdored  shale 40 

Fossils:  Annelid  trails,  Cru/ianasp.  f 

(6)  Dark  bluish  black  limest-onu 4(} 

(7)  Finely  laminated  buirargillucoouH  Hhale HO 

Fossils :  lfyoUtht'8  billingsi  an<l  Ptychoparia  pwvhv.nsis. 

(8)  Gray  to  bluisli  black  compact  limestone 18 

(9)  Buff  arenaceous  shales (M 

(10)  Compact  cherty  limestone r)0 

(11)  Compact  shaly  sandstone  in  massive  layers 40 

(12)  Hard  siliceous  gray  limestone,  almost  quartz  at  base 12 

(yS)  Yellow  to  buff,  sandy  shale 70 

(14)  Bluish  black  limestone Ki 

(15)  Yellow  to  buff  sandy  shales 40 

(16)  Bluish  black,  hard,  compact  limestone li> 

P^agmentt)  of  fossils. 

(17)  Shaly  sandstone  in  massive  layers.... 52 

(18)  Gray  arenaceous  limestone 2 

>  AValcott,  C.  D. :  PaleontolojEy  of  thoEaroka  Dirttiict.  IT.  S.  Gcol.Siirv.,  Mouofsraph,  vol.  8.  Iti8^ 
pp.  3, 4. 

*  Walcott,  C.  D. :  Second  coutribution  to  tliu  HtudioH  uf  tlio  Cauibriuu  faunas  uf  North  America.  IT 
8.  GvoL  Sarv.,  Bull.  No.  30,  188C.  pp.  33,  ai. 
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(19)  (a)  Buff,  sandy  shalo ._ '. 40 


^H  (&)  Gray  arenaoeoas  li  meat  cue 30 


(c)  Sandy,  calcareous  shale 3 

73 


-.'•   ^B  (20)  (a)  Massive-bedded,  bin isb  gray  limestone 200 


€06 


*i  ■  Fragments  of  fossils. 

y'l  rH  (()  Compact  gray  siliceous  limestone,  almost  qnartzite  in  some  places  400 

;  I   'jl  (c)  Bluish  black,  evenly  bedded  limestone '. 6 

\)    'H  

M   {■  StrikeN.30o  \V.,dip.  lO^E. 

'I   ^1  (21)  Buff  to  pinkish  argillaceous  shale,  with  fossils,  and  a  few  interbedded  lay- 

:)  J  Jl  ers  of  limestone  from  3  to  15  inches  thick 125 

Fossils:  Eocyatites  ff  longidactylu$,  LinguJella  ella,  Kutorgina  pannmla, 
■*.\'.*m  Hyoliihea    bUHngai,    Plychoparia    piochensUf     Olenoides     typiealia 

:i'i  .}M  BaihyurisciM  howelHj  and  B,  producta, 

.':,'  .[m  (22)  Massive-bedded,  siliceous  limestone;  weathering  rough  and  broken  into 

kj  ]  I  great  belts,  200  to  300  feet  thick,  by  bands  of  color  in  light-gray, 

i  tl  dark-lead  to  bluish  black ;  on  some  of  the  cliff  faces  the  weathered 

"j  ij  surface  is  reddish 1,570 

;-: ;  <l  (23)  Bluish  black  limestone  in  massive  strata,  that  break  up  into  shaly  layers 
y'i  I  \l  on  exposure  to  the  weather.    The  latter  feature  is  less  distinct  850 

^' {   al  feet  up,  and  the  limestone  becomes  more  siliceoos,  with  occasional 

.S  £|  shaly  beds 1,430 

:!!',J' ^1  Fossils;  near  the  summit  specimens  were  found  that  are  referred  to 

1 5  r '  J I  Ftychoparia  minor. 

Quite  a  fauna  occurs  in  23,  as  found  one  mile  farther  south  an  the  line  of  the  ae^ 

;  i  >,«  tion. 
':*\\  u  Summary  of  section. 


1.  Quartzite 350 

'^^  2.  LimesUmo  and  nliales  (argillaceous  and  arenaceous) 1,450 


3.  Massive  limoHtoiies 3,000 

Total 4,800 

* 

As  in  the  Eureka  sectioD,  the  species  of  Olenellus  bave  a  very  nar- 
row range  near  the  base  of  the  limestone  series  above  the  quartzite. 

The  fauna  found  in  No.  21  of  the  section  materially  strengthens  tbe 
I     \  .  correlation  of  the  fauna  of  the  Prospect  Mountain  limestone  and  the 

Secret  Canon  shale  with  that  of  the  Paradoxides  zone  of  the  Atlantic 
Basin. 

The  fauna  of  the  great  limestone  belt  above  23  of  the  section  is  rep- 
resented by  only  a  few  specimens  on  the  line  of  the  section.  A  mile 
south,  however,  on  the  strike  of  the  strata  a  strongly  marked  Upper 
Cambrian  (Potsdam)  fauna  occurs.  The  species  identified  are  as  fol- 
lows : 

'   ■  13ellerophon  antiqnatns.  Dicollocophaliis  sp.t 

Plenrotomaria,  3  undt.  sp.  Ftychoparia  (Enlomaf)  dissimilis 

Hyolitlies,  3  n.  sp.  P.  sp.f 

DicolIocepliahiH  p<^pincnsis.  Arethiisina  americana. 

I^.  (type  of  D.  minncsotensis).  Ilhcnurus  sp.f 

J  Of  this  fauna  two  8i)ccieH  are  identical  with  those  from  the  higher  Potsdam  fanna 

I         *i  at  Kureka,  viz :  Plychoparia  ( K.^)  dissimilis  and  Arethusina  americana  /  and  BeUtrophon 

;  aniiquatus,  and  Dicellocephalus  pepincnsis  occur  in  the  upper  Potsdam  of  Wisoomia 
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The  presence  of  tho  Plearotomaria-like  sUells  and  the  species  just  mentioned  corre- 
lates the  fauna  with  that  of  the  upper  horizon  of  the  Potsdam  faunas  of  Wisconsin 
and  Nevada.^ 

We  have  no  details  of  the  section  of  Silver  Peak,  Nevada,  to  which 
attention  was  called  by  Prof.  J.  D.  Whitney.  The  fossils  are  from  a 
limestone  and  silico-argillaceous  shale  and  identical  with  8i>ecies  found 
elsewhere.  The  most  noteworthy  occurrence  is  that  of  Archwovyathua  = 
Spirocyathus  atlanticus  and  a  large  brachiopod  like  Kutorgina  cingulata^ 
both  of  which  occur  on  the  Labrador  coast  over  3,000  miles  to  the  north- 
cast  on  the  opposite  side  of  the  continent.  The  abundant  and  pecul- 
iar type  of  sponge  Arch(cocyathu8  profundus  of  the  L'Anse  au  Loup 
locality  is  represented  by  the  nearly  identical  species  Uthmophyllum 
whitneyi  of  Silver  Peak,  and  the  tribolite  Olenellus  gilberti  is  scarcely 
distinguishable  from  O.  thotnpsonij  as  it  occurs  in  L'Anse  au  Loux>. 
The  species  now  known  firom  Silver  Peak  are :  ^ 

Spirocyathus  atlanticus.  Kntorgina  (like  K.  cingulata). 

ArchsDOcyathns  undt.  sp.  Hyolithes  princeps. 

Ethmophyllnm  whitneyi.  Olenellus  gilberti. 
Strephochetus  f  sp.  f 

The  Cambrian  rocks  of  Utah,  as  determined  by  the  presence  of  the 
Cambrian  fauna,  form  a  narrow  horizon  in  the  vast  series  of  8e<li- 
meuts  of  which  they  are  a  conformable  portion.  Messrs.  Emmons  and 
King  refer  the  12,000  feet  of  siliceous  slates  and  quartzites  of  the  Big 
Cottonwood  section  to  the  Cambrian.  If  we  provisionally  drew  the 
basal  line  of  the  Cambrian  at  the  base  of  the  strata  known  to  contain 
the  Olenellus  fauna,  all  but  260  feet  of  this  section  would  be  referred  to 
the  Algoukian,  but  from  the  known  range  of  Olenellus  in  the  strati- 
graphically  equivalent  series  to  the  north  in  British  Columbia,  the  view 
is  no  longer  tenable.  The  upper  portion  of  the  section  consists  of  250 
feet  of  hard  silico-argillaceous  shale,  a  little  sandy  in  places.  At  the 
base  a  si>ecies  of  Cruziana  was  found,  associated  with  Olenellus  gilberti^ 
and  100  feet  higher  in  the  section  a  baud  of  shale  attbrded  lAngulella  ella^ 
Kutorgina  pannulaj  Hyolithes  bilHngsi,  Leperditia  argent^y  Ptychoparia 
quadrans,  and  Bathyuriscus  producta.  This  list  was  published  in  1886, 
along  with  Cruziana  and  Olenellus  gilberti,  as  characterizing  the  shales 
at  the  summit  of  the  great  series  of  quartzites  and  slates.  As  in  the 
Eureka  and  Highland  Range  sections,  the  Olenellus  zone  is  confined  to 
a  very  narrow  belt  just  above  the  quartzite.  The  silico-argillaceous 
shales  above  occupy  the  position  of  the  4,650  feet  of  Prospect  Mountain 
limestone  and  Secret  Canon  shale  of  the  Eureka  section.  The  Ham- 
burg limestone  and  Hamburg  shale  of  the  latter  are  absent  in  the 
Big  Cottonwood  section,  causing  an  unconformity  by  nondeposition.' 
The  section  in  the  Oquirrh  Range  above  Ophir  City  has  a  quartzite  at 
the  base  with  shales  above  it  carrying  Lingulella  ella,  Olenellus  gilberti^ 
and  Bathyuriscus productaj  as  determined  by  the  collections  brought  in 

1  op.  cit,  pp.  35,  30.  *0p.  cit.,  p.  31i.  *  Op.  oit.,  p.  39. 
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by  the  Wheeler  sarvey.    It  Ib  probable,  however,  that  as  in  the  csuse  of 

the  Big  Cottoii wood  section,  Olenellutt  gilberti  occurs  at  the  base  of  the 

^1  shale,  and  the  other  two  8i>ecies  at  a  higher  horizon.    At  Antelope 

ll  Spring,  in  western  Utah,  there  is  a  considerable  development  of  the 

Middle  Gand)rian  zone  corresponding  to  No.  21  of  the  Highland  Kauge 

I  f  I  section  and  a  portion  of  the  Prosi>ect  Mountain  limestone  of  the  Enreka 

section.    The  section  at  this  locality  as  measured  by  Mr.  G.  K.  Gilbert 
i  -I  is  as  follows:^ 

'  \  tM  FeeL 

'  I  :?•■  1.  Gray,  inutwive  limestone 200 

^  $,  ^1  2.  Blue  gray,  culcareoun  sbalo;  fosHilH  (uh  corrected  by  C.  D. 

'  ">|  W.);  Acrothele  auhaiduu,   Agnaittwi  inUrslriclns,  Otenoides 

fier<ultHai8f  Ptychoparia  kingif  1*.  kousettsiSt  and  Asapkutcus 

wheeleri *J00 

3.  Gray  Hiuestouo,  light  ami  dark,  cliiclly  iiiaiwive UOO 

4.  VitrcouH  baudstoiie,  iimbcT-brown  on  wcatberud  face ;  base 


■  I 
i   - 


1 


/.a    ; 
•  I 


■\f 


i 


not  800U 1, 000 


Total o  300 

■  I- 

^ ;  ^1  No.  4  of  this  section  corresponds  to  the  basal  quartzite  of  the  Enreka 

and  Highland  Eange  section,  and  No.  3  with  the  Prospect  Mouutain 
limestone.  No.  2  may  correspond  to  the  np]>er  portion  of  the  latter 
limestone  or  to  the  lower  portion  of  the  Secret  Oaiion  shale  of  the 
Eureka  district.  There  is  not  enough  known  of  the  Anteloi>e  Spring 
section  to  enable  us  to  make  any  closer  correlation. 

'  /^  A  comparison  of  the  sections  of  Utah  with  those  of  Nevaila  shows 

u>  that  in  the  former  the  earlier  conditions  of  sedimentation  were  ai>i)a- 

rently  the  same  from  the  base  of  the  Wasatch  Mountiiins  westward 
into  central  Nevada.  But  during  the  deposition  of  the  Middle  and 
Upper  Cambrian  rocks  the  immediate  vicinity  of  the  Wasatch  wasau 
area  of  minimum  deposition,  while  that  of  central  Nevada  was  one  of 
maximum  deposition  of  sediments.  Wliat  the  conditions  were  duriiiij 
the  deposition  of  late  Midtlle  and  Upper  Oambrian  time  in  the  Wasatch 

I     1  ,  area  are  unknown.    The  appearance  of  the  rocks  indicate  a  shallow 

sea  with  very  little  deposition  of  sediment. 


IDAHO. 


What  is  known  of  the  Cambrian  rocks  of  Id;i.ho  is  obtained  from  the 
writings  of  Messrs.  Bradley  and  Peale.  The  report  of  the  former  is 
more  that  of  an  explorer  who,  passing  over  the  ground,  made  such  geo- 
logic notes  as  time  permitted.  In  the  vicinity  of  Malade  City,  in  sontb- 
eastern  Idaho,  he  discovered  in  a  limestone  resting  on  a  quartzite, 
fifteen  species  of  trilobites  of  the  genera  Conocoryphe,  Bathyurus,Di- 
kelocephalus,  Agnostus,  etc.,  five  brachiopods,  two  gasteropods,  and 
one  pteropod.    He  referred  this  fauna  to  the  Quebec  group,  and  the 

» lU'IKirt  on  tbo  Bcolopy  of  i>orti»n8  of  Nova«lji.  Utah.  (!;ilifoniift,oiid  Arizona  nxatuiniMl  in  th^^ycon 
1871  ajMll87l'.  Itoport  oii  Gook.  and  (Jeol.  Kxpl.  and  Survey  west  of  tliu  100th  luerid.,  in  chargv  of 
Lieut.  Goo.  M.  Whoolor,  vol.  3,  Goolojry,  1875,  p.  167. 
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qaartzitic  sandstone  beneath  is  spoken  of  as  ocoapying  the  relative 
position  of  the  Potsdam,  although  he  subsequently  refers  to  it  as  a 
part  of  the  troe  Quebec^  Mr.  F.  B.  Meek  agreed  with  Prof.  Bradley 
that  the  tauna  belonged  to  the  Quebec  horizon;  and  he^  desci'ibed 
Bathyurellus  (Asaphiscus)  bradleyi  and  Asaphua  (Megalaspis  f)  goniocer- 
cus.  The  latter  species  probably  comes  Ax)iu  the  upper  portion  of  the 
limestone  referred  to  the  Quebec  group  by  Prof.  Bradley. 

From  the  data  obtained  by  Dr.  A.  0.  Peale  of  the  Gallatin  Elver  Cam- 
brian, and  our  more  accurate  knowledge  of  the  fauna  of  the  Quebec 
group,  the  faunas  occurring  in  the  lower  portion  of  the  limestone  at 
Malade  City  are  referred  to  the  Upper  Cambrian,  and  those  from  the 
upper  portion  of  the  limestone  to  a  portion  of  the  Lower  Silurian  (Or- 
dovician).  In  this  conneetion  reference  should  be  made  by  the  reader 
to  Prof.  Orestes  St.  John's  work  upon  the  same  beds  in  Wyoming. 

Near  the  south  end  of  Portneuf  Range,  north  of  Malade  City,  Dr.  A. 
C.  Peale  measured  the  following  section  :^ 


1. 
2. 

3. 

4. 


5. 
C. 


7. 

8. 

9. 
10. 
11. 
12. 
13. 

14. 
15. 


1«. 
17. 
IS. 
19. 

20. 
21. 
22. 
2i\. 


Top. 

Blue  limoBtone , 

Laminated  blae  limefitones,  with  Conoooryphe,  Dikollocophalnsi 
Obolella,  and  two  species  of  liatby  urns 

Blninh  gray  limestones 

Laminated  limestones,  with  bauds  of  greenish  shales  In  the  upper ' 
portion.  The  limest-ones  are  separated  by  sbaly  layers.  The 
limestones  are  fossiliferons  at  the  base,  containing  qaantities 
of  a  trilobite  like  Conocoryphe.  The  limestone  resembles  an 
oolit-e,  but  the  structure  Is  probably  due  to  the  presence  of  . 
some  peculiar  organic  remains.  Fragments  of  Discina  were 
seen 

Rather  massive  limestones 

Laminated  blue  limestones,  in  bands  of  fn>m  1  to  2  inches  thick- 
ness, the  surfaces  of  which  are  yellow-stained. 

Rather  massive  limestones 

Green  shales  or  slates,  15  feet i 

Bluish  gray  limestone 

Bluish  limestones,  with  bands  of  shales 

Massive  blue  limestones.    The  dip  here  appears  to  bo  about  40  ^  .. 

Laminated  limestones  with  interlaminated  green  shales 

Greenish  sandstones  and  shales,  passing  below  into  silvery  gray 
slates 

Slates  and  shales  with  a  band  of  limestone  about  the  middle 

Blue  limestones  with  irregular  structure.  The  strike  is  about 
south  5°  east,  and  beyond  th«i  Klatiou  it  appears-  to  curve  (<>  tho 
south ;  dip  is  60'^ 

Rusty  yellow  quartzite 

Gray  and  yellowish  quartzitcs 

Greenish  gray  slates - 

Kusty  yellow  quartzite,  somewhat  coiiglonieritic  and  containing  a 
considerable  percentage  of  iron 

Rusty  quartzites,  about 

White  quartzites ^ 

Pink  and  white  quartzites ) 

Red  slates,  thickness  not  takeu 


Feet. 
130 

315 


120 


118 


155 

100 

70 


210 
165 


70 
150 
450 
IdO 

130 

GOO 

500  to  600 


Total 3,483to3,583 


»  Report  of  Frank  II.  BnMUoy,  f^ooloKint  of  tho  Snake  River  division.  U.  S.  Gool.  Surv.  of  the  Terr., 
6th  Ann.  R*ip.,  1873,  ji.  'JOl. 

»  Preliminary  pale ontolo<;icaI  report ;  with  romarks  on  tho  agea  of  tho  rocka,  etc.  U.  S.  Geol.  Siirv. 
of  tho  Terr.,  oin bracing  portions  of  Montana,  TUaho,  Wyoniin<;,  and  Utah,  6th  Ann.  Kcp..  Ibid.  1873,  pp. 
480-485. 

'  Ri*port  on  the  sooloj^y  of  the  Green  River  District.  17.  S.  Geol.  Surv.  of  the  Terr.,  11th  Ann.  Bop., 
1879,  p.  5C8. 
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Below  this  last  layer  there  are  probably  the  limestoneB  of  tlie  Bed 
liock  Pass. 

Tbis  section  is  one  of  cousiderable  interest,  From  tlie  foct  of  its  bav- 
ing  tlie  Upper  Cambrian  faana  in  the  upiier'porbioa  aud  an  alteruating 
series)  of  limestones,  shales,  and  quartaites  below,  which,  from  a  com- 
[tiirison  with  the  sections  of  western  Utah  and  central  Nevada,  occupy 
the  strutigraphic  position  of  the  Middle  Uambriao,  In  their  downward 
continuation,  they  may  also  include  the  Lower  Oambrian  zone.  This 
is  a  question  which  is  to  be  settled  by  future  investigation. 

In  the  adjoining  Bannock  range  to  the  westjDr.  Peale  stadied  asection 
of  the  series  of  quartzites  and  slates  that  apparently  correspond  to  those 
of  Nevada  and  Utah,  occnrriog  beneath  the  Lower  Cambrian  (OlenellnB) 
zone.  The  section  fignred  by  Dr.  Peale  includes  5,710  feet  of  quartzites 
aud  slates,  with  a  little  interbedded  limestone.  lie  compares  it  with 
the  section  on  the  western  side  of  the  Wasatch  range,  referred  to  the 
Oambrian  by  Messrs.  Emmons  aud  Hague.'  Id  his  TtJsumtJ  of  the  for 
maticAis,  the  Cambrian  or  Primordial  is  made  to  include  the  quartzites 
and  slates  that  may  be  tentatively  assigned  to  the  Algonkian,  or  tu  the 
Cambrian,  but  preferably  to  the  latter.  To  the  Canadian  Period  then 
are  referred  1,300  feet  of  interlaminated  limestones  and  qnartzites  that 
occur  above  the  qnartzite  and  slate  series  now  referred  to  the  Cambrian. 
Dr.  Peale  states  that  west  tf  Malade  City  the  section  gives  2,000  feet 
of  strata  placed  in  the  Quebec  series  by  Prof  Bradley.' 

The  northern  end  of  the  Port  Ncuf  range  was  studied  by  Prof.  Orestes 
St.  John,  in  the  vicinity  of  Mount  Putnam.  He  there  found  the  section 
to  bo  formed  of  quartzites,  chloritic  schists,  slate-s,  and  micaceous  sbate^ 
at  the  bjiae,  above  which  comos  the  dark  rod,  finely  laminated  s;ind- 
stone  in  thick  beds.  These  he  referred  to  the  Potsdam  with  a  query. 
In  speaking  of  this  section,  Dr.  Peale  says  he  thinks  Prof.  St.  Jobn  is 
inclined  to  refer  the  base  of  the  section  to  the  Hnronian.^ 

With  the  information  afforded  by  his  owu  survey  and  that  of  Prof. 
St.  John,  Dr.  Peale  constructed  the  following  table  as  embodying  their 
knowledge  of  the  Lower  Paleozoic  section  of  Idaho  :  * 

>0p.clt..  p.570.  'Op.clt.,  p.Blt.  ■Op.clt,,  p.SlS.  •OD.elL.p.tU. 
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Silurian  seotum. 
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S 
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Is 


Bine  and  na^r  limestones,  with  characteriBtic 
Qnebec  ToasilB. 


Bine  limestones,  generally  laminated,  with  al- 
ternations of  greenish  sandstones  and  shales 
and  silioeons  slates. 


4- 


o 

s 


4- 


la 


0.2 
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s 

42 
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0 
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II 


Pink  and  whit^  qnartzites,  conglomeritic  at 
top,  with  thin  layer  of  limestone  at  the  base. 


4- 


c« 


i 

CB 

s 

c 

a 

cB 


Oliye-green  and  gray  ohloritio  slates  and  in- 
dnrated  olay  slates. 


o 

CO 


Silyery  and  steel-gray  mioaceons  slates. 


o 

o 


Dark  qnartzites  with  interlaminatod  slates. 


o 
o 


s 


Red  qnartzites  and  qnartzitic  sandstones,  with  con- 
glomeritic and  shaly  layers. 


Limestones. 


o 


Very  dark  green  ohloritio  schists,  containing  qnartz 
and  serpentine  seams  and  intcrlamiuated  bands  of 
metamorphosed  argillaceous  slates,  and  a  hand  of 
pink  quartzite  200  feet  thick. 
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o 
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O 


0 
O 

OP 


In  copying  the  table  it  has  been  reversed,  so  as  to  follow  the  nat- 
ural order.  As  interpreted  in  the  light  of  oar  present  knowledge  of 
the  Cambrian  rocks  in  the  Bocky  Mountains,  the  Quebec  and  Calcifer- 
ous  of  this  section  are  referred  to  the  Upper  Cambrian.  Whether  the 
rocks  referred  to  the  Potsdam  and  Acadian  are  of  Cambrian  age  or  not 
will  remain  undetermined  until  some  paleontologic  proof  is  obtained. 


M0in*ANA., 


As  far  as  known,  the  Cambrian  rocks  of  Montana  are  restricted  to  the 
southern  portion  of  the  State.  Two  areas  are  well  defined,  one  about 
the  northern  end  of  the  Big  Horn  range  and  the  other  within  the  area 
drained  by  the  Gallatin  and  the  Yellowstone  Eivers. 


ChJltitin  limeatioiiee  SiS  feet. . 
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The  character  of  the  strata  forming  tbe  Cambrian  abont  the  Big  Hon 
Mountains  will  be  spoken  of  in  connection  with  the  extension  of  that 
rauge  in  Wyoming.  The  Gallatin  section  of  tbe  Oambrian  iDcIndei 
1,250  feet  of  strata,  of  which  835  feet  are  limeatooe,  restang  upon  415 
feet  of  sandstone.  Oonformably  subjacent  to  the  latter,  there  are  5,000 
feet  of  altemationH  of  conglomeritic,  micaceous  sandstones,  with  bandl 
of  siliceoofi  limestones  and  indurated  day  shales,  referred  to  the  Algon- 
kian  by  Dr.  A.  O.  Feale. ' 

A  more  detailed  manuscript  section,  that  Dr.  Peale  biodly  prepared 
at  mj  request,  is  aa  follows : 

Pebbly  limestontiB  115  feet. 

(foSBila,  L^Uena  nielita,  Opkileta  tp.t 

TripUtia  calcifrra,  /'(yefc<>u«Ha  ap.  t 

Dry  Creek  sbales  30  feet. 
Mottled  limeatiinee  ItiO  feet. 

( fosallg,  Ptyehoparia  sp.  t  Hi/otillui  sp.  1) 
ObaleUa  abalea  saO  feet. 

{fomila,  OboUlla  ap.  T) 
Trilobito  limoBtonea  180  feet. 

(fossils,  LinguMla  sp.,  Aerotrtla  gemwta, 

Eulorgintl  leuiplilii,  Agnottaa  ftidflu. 
BgoHthM  gregaria,  Olvnoidea  lemtbu. 
Ptyckoparia  gailaliiietiiet. 
Bafhyuriicutt  hagdaii). 

{Qallstiu  eboloB  290  feet. 
(foMil.,  nng^UU^p^  HtolitX^  ep.  I 
Gallatin  qoartzite  1S!5  feet. 
It  is  probable  that  tbe  5,000  feet  of  strata  referred  to  the  AtgonkiaD 
in  the  published  section  will  ultimately  be  referred  to  tbe  liower  Cam- 
brian as  they  occupy  the  stratigraphie  position  of  the  Bow  River  seriea 
to  tbe  north  in  British  Columbia  through  tbe  upper  3,000  feet  of  whicii 
the  Olenellus  fauna  has  been  found  to  range. 

The  section  near  the  mouth  of  the  East  Gallatin  Biver  was  studied 
in  detail  by  Dr.  Peale  in  18S4,  and  two  Hthologically  well  defined  groups 
determined  and  characterized  as  follows: 

To  tbo  lower  one,  which  was  carefully  searched,  without  success,  for  orfcanic  rt- 
maioB,  Ibe  aame  of  East  Gallatin  group  has  been  provisionally  applied.  It  is  com- 
poged  of  a  series  of  alt«rnations  ofgreim  and  greenish  gray  mioaoeous  BandstoneBSod 
clay  slatea  (almost  argillitcB),  with  thin  bands  of  laminated  limestoDeB;  S,300fcetaf 
tbeae  beds  vrere  sectionalized  in  detail  without  any  traces  of  fossils  beiog  found. 

The  saadBtiOnes  arc  in  heavy  beds  and  prosont  aBoniber  appearance,  weathering  on 
exposed  sarfacos  to  steel-gray  and  almost  black  coIoih  and  fteqneutly  breskinfc  into 
cubical  blocks.  The  slates  are  blue,  yellowish,  olivo-greeu,  and  at  some  place*  red. 
In  tbo  limestone  a  concretionary  structure  is  frci^uently  noticed.  For  the  npptr 
group,  lying  above  a  well  dolined  pink  qunrtzitic  sandstone,  we  have  retained  the 
name  Potsdam.  Qrocii  and  dark  purplish  red  micaceous  shales,  mostly  .■v^e^lactlou^ 
with  occasional  thin  bands  of  liinustoue,  make  up  this  group,  and  many  of  (he  beds 
are  highly  foBsiliferona.  The  collections  have  not  been  carefully  studied  yet,  audwe 
thorofore  simply  refer  to  them  in  this  general  way  at  tbiu  time.' 


■  Report  of  Dr.  A.  G.  Psalo  (on  tbe  MonwaadiviBlc 
BM,  p.  m. 
•anydeD.  f.  v.:  BeportUoDUDaDiiisli 
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The  faana  collected  in  the  Ocdlatla  Biver  section  by  Dr.  Hayden  in 
1872  was  stadied  by  Mr.  Meek,  who  recognized  eighteen  species.  From 
the  lowest  division  he  identified  the  genera  Gmziana,  LingulopiS|  or 
Lingala,  Oonocoryphe,  Bathyoras,  or  Asaphns.  From  the  third  divi- 
sion he  described  Bathyurus  serratus,  B.  t  haydewi^  Oonooaryphe  {Can' 
X>c^halite9)  galla^inensiSj  Iphidea  subiilis^  wid  Agnostus  bidens  ;  and  iden- 
tified a  species  of  Oanoooryphej  Hyoliihes  gregariOy  and  Aorotreta  sub- 
'conio4».  From  the  second  division  the  genera  Acrotreta  and  Lingnla 
are  identified,  and  from  the  upper  or  first  division  Asaphns  t,  Bathyu- 
rus t  Oonocoryphe,  and  Lingnlepis.^  This  fonna  has  the  facies  of 
the  Upper  Cambrian  zone,  although  that  of  the  fourth  or  lowest  di- 
vision may  prove  to  belong  to  the  Middle  Oambrian.  As  a  whole  the 
Cambrian  of  the  Gallatin  region  is  formed  of  a  sandstone  at  the  base, 
above  which  occur  limestones  carrying  a  fi&una  characteristic  of  the 
upper  portion  of  the  gronp. 

The  presence  of  the  Upper  Oambrian  on  the  southwestern  side  of  the 
Little  Belt  Mountains  and  on  the  southern  side  of  the  Elk  Bange  was 
proved  by  Messrs.  Dana  and  Grinnell  when  they  discovered  fossils  of 
this  age.  The  section  near  Camp  Baker,  southwest  of  the  Little  Belt 
Mountains,  is  estimated  as  follows :' 

« 

Quartzite,  20  foot;  variegated  Bhales,  mostly  bright  red,  also  green  and  blue,  1(>0 
feet ;  limestone  la  a  doable  series  of  ledges,  80  feet ;  qnartzite,  reddish,  slightly  mica- 
ceous, then  a  series  of  colored  slates,  mostly  green,  followed  by  shales  and  thin  beds 
of  sandstones  and  limestones,  in  all  probability  1,500  feet ;  still  further  conformable 
shales,  1,000  feet.  These  extend  toward  the  north  farther  than  we  conld  follow 
them.  It  is  enough  to  say  that  the  total  thickness  of  the  conformable  strata  under- 
lying the  foBsil-boaring  limestone  can  not  be  less  than  3,000  feet,  and  is  probably 
much  more. 

The  same  authors  state  that  they  identified  similar  rocks  at  Moss 
Agate  Springs,  at  the  south  extremity  of  the  Elk  Eange  of  mountains. 
The  strata  there  are  red  shales,  quartzites,  and  limestones  like  those  at 
Camp  Baker,  the  limestones  containing  many  friigments  of  trilobites. 
The  fossils  collected  were  studied  by  Prof.  R.  P.  Whitfield,  who  de- 
scribed CrepicephaluB  (Loganellus)  montanensia  and  Armiellus  tripunc- 
iatu8^^  species  that  occur  in  the  Upper  Cambrian  horizon,  the  former  in 
the  Black  mils  and  Big  Horn  Kange,  and  the  latter  in  central  Texas. 

From  his  observations  at  numerous  points  Dr.  P.  V.  Hayden  con- 
cluded that  the  outcrop  of  the  sandstone  referred  by  him  to  the  Pots- 
dam extended  entirely  around  the  Big  Horn  Mountain  Eange.  Near 
the  sources  of  Powder  River  he  found  a  scries  of  sandstones  underlying 
the  Carboniferous  limestone,  resting  unconformably  upon  the  schistose 
and  clay  slates  of  the  Azoic  series  in  very  nearly  the  same  manner  as 


1  i^reliminiry  paleontolog;1oal  report  .  .  .  with  remarks  on  the  ages  of  the  rocks,  etc  TJ.  S. 
Geol.Siuv.  of  tho  Terr.,  6th  Ann.  Rep.,  1873,  pp.  463, 464. 

'GtM^logical  report  Report  of  a  j;oolof;ical  reconnoissanco  fWtm  Carroll,  Montana  Terr.,  on  the 
Upper  Missouri  to  the  Yellowstone  Park  and  rctnm.  made  in  the  suuiDier  of  1875,  by  Wm.  Ludlow, 
1870,  p.  133. 

'  Descriptions  of  new  speclea  of  fossils.    Ibid.  p.  141. 
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'I' 
'  [L;  •  in  the  Black  Hills.    The  Potsdam  sandstone  in  this  region  is  quite  well 

developed,  attaining  a  thickness  of  200  feet,  and  exhibiting,  as  osuaI, 
various  lithologic  characters.  Near  the  base,  the  rock  is  of  a  reddish 
iiesh  color,  very  compact,  composed  of  an  aggregation  of  qnartz  peb- 
bles, varying  in  size  from  a  minute  grain  of  quartz  to  masses  half  a& 
inch  in  diameter,  cemented  by  siliceous  matter.    Above,  the  rock  is  in 

I'M  thin  ferruginous  layers,  slightly  calcareous  but  mostly  siliceous,  and 

with  many  small  particles  of  mica.  These  thin  layers  are  also  charged 
with  fossils,  such  as  Lingula  anUqua^  OboleUa  nana^  Tkeoa  gregaria^  and 

I ,  ^  B:  ArioneUus  f  oweni.    Many  of  the  slabs  are  covered  with  fuooidal  mark* 

ings  and  what  appear  to  be  tracks  and  trails  of  worms.^ 
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CANADIAN  EXTENSION. 

Our  knowledge  of  the  Oambrian  rocks  of  this  reg^ion  is  mainly  limited 
to  the  vicinity  of  the  line  of  exploration  across  the  Bocky  Mountains  in 
the  vicinity  of  the  Canadian  Pacific  Railway.  They  occur  in  western 
Alberta  and  eastern  British  Columbia,  as  is  shown  in  the  plates  and 
sections  accompanying  Mr.  B.  G.  McConnelPs  paper.'  The  geographic 
distribution  and  the  localities  mentioned  by  Mr.  McConnell  are  repre- 
sented on  the  map  accompanying  the  report  of  the  Geological  Survey 
of  Canada  for  1882. 

The  Cambrian  section,  identified  by  fossils,  includes  the  upper  por- 
tion of  the  Bow  Eiver  group  and  the  lower  part  of  the  Castle  Mountain 
group.  The  Bow  Eiver  group  forms  the  basal  member  of  the  section  in 
the  Bow  Eiver  Valley  and  Cathedral  Mountains.  It  consists  mainly  of 
a  series  of  dark  colored  argillites,  associated  with  some  sandstones, 
quartzites,  and  conglomerates.  The  argillites  are  usually  dark  grayish 
in  color,  but  become  greenish  and  purplish  in  places ;  are  very  impure, 
and  frequently  grade  into  tiaggy  sandstones  that  are  often  slightly  cal- 
careous. The  conglomerates  of  this  series  are  characterized  by  pebbles 
of  milky  or  semi  transparent  quartz,  and  by  pieces,  similar  in  size  aud 
fresh  looking,  of  whitish  feldspar,  and  the  niatrix  contains  an  abundance 
of  pale  mica.  These  constituents  have  evidently  been  derived  from 
some  not  far  distunt  exposures  of  coarse  granite  or  gneissic  rock.  The 
conglomerates  characterize  more  especially  the  top  of  the  formation, 
and  occur  in  thick,  massive  looking  bands,  alternating  with  quarttites 
and  shales.  The  quartzites,  like  the  conglomerates,  are  mostly  found 
in  the  upper  ])art  of  the  formation,  and  sometimes,  as  in  Cathedral 
Mountains,  replace  the  latter  altogether.  The  only  fossils  detected  in 
:  the  Bow  Eiver  series  are  specimens  of  Oleiiellus  gilbertij  found  abont 

I  2,000  feet  below  the  top  of  the  formation  and  at  the  summit  of  VermiUon 

Pass. 

*Tbe  Primonlial  Sandstone  of  the  Kocky  Monntainn  in  the  Northwestern  Territories  of  the  United 
St«U«.    Am.  Jour.  Sci.,  2(1  aer..  vol.  33, 1862,  pp.  71, 72. 
*  Ucport  on  the  (ioolo^ical  Structure  of  a  portion  of  the  Kooky  Moantaiiia,  with  a  sectioii.    Qtti. 
»j  Sarv.  Canada,  new  ser.,  yol.  2, 188&-'87,  pp.  24D-30D. 
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Attention  was  called  to  the  resemblance  of  the  strata  of  the  Bow 
Biver  series  to  those  of  the  Big  Oottonwood  Oanon  section  of  the 
Wasatch  Mountains  of  Utahy  by  Dr.  O.  M.  Dawson,  in  1885.  A  com- 
parison of  the  two  leads  to  their  correlation  as  equivalent  formations, 
on  the  evidence  of  their  lithologic  characters  and  stratigraphic  position 
and  the  fact  that  the  Olenellus  fauna  occurs  in  the  upper  portion  of 
each  section.  In  his  paper  of  1889  Mr.  B.  O.  McOonnelP  states  that 
specimens  of  Paradoxides  and  other  ffrssils  were  found  at  the  junction 
of  the  Bow  Biver  and  the  superjacent  Oastle  Mountain  group.  A  col- 
lection made  at  this  horizon  was  sent  to  me  for  examination,  and  I 
identified  Olenellus  sp.  undt.,  Protypus  senectus^  and  a  species  of  Ptychop- 
aria  undistingaishable  from  P.  adamsi  of  the  Olenellus  zone  of  Vermont. 
The  occurrence  of  the  Olenellus  fauna  at  this  horizon  and  of  Olenellus 
gilbertij  3,000  feet  lower  in  the  section,  corresponds  to  the  great  range 
of  the  fauna  in  the  New  York  and  Vermont  sections. 

The  Castle  Mountain  group,  in  the  Oastle  Mountain  section,  com- 
mences with  a  thin  band  of  shaly  limestone,  above  which  come  1,500 
feet  of  massive  dolomites.  These  are  subjacent  to  some  yellowish, 
compact,  impure  dolomites,  above  which  300  feet  of  reddish  shales  oc- 
cur subjacent  to  several  hundred  feet  of  shaly  magnesian  limestones. 
The  Mount  Stephen  section  shows  about  5,000  feet  of  beds,  consisting 
mainly  of  heavy  dolomites,  with  shaly  bands  at  intervals.  One  of  these, 
occurring  at  the  base  of  the  formation  and  another  about  2,000  feet 
higher  up,  are  rich  in  trilobites.' 

Beference  has  already  been  made  to  the  fauna  occurring  at  the  base 
of  Castle  Mountain.  From  the  next  fossiliferous  zone,  2,000  feet  up  in 
the  section,  the  following  species  have  been  obtained : 

Lingolella  niaoconnelli.  Ag^ostus  iu torsi rictns. 
^Crania  f  colambiana.  "                                '    Oleuoidus  uevadensis. 

Kotorgina  prosxtectenHis.  Zacanthoides  spinosus. 

Acrotreta  gemma,  var.  depressa.  Ptychoparia  cordillerse. 

Linnarsounia  sagittalis.  Bathynrisciis  howclli. 
Orthisina  alberta.  (K.)  dawsoni. 

Platyceras  romingcri.  Karlia  HtcplieiicnHis. 

Hyolithellos  micauH.  Ogygopsis  klotzi. 

Where  the  line  between  the  Cambrian  and  the  Lower  Silurian  (Ordo- 
vician)  is  to  be  drawn  in  the  Castle  Mountain  group  is  still  undeter- 
mined. The  discovery  of  a  specimen  of  Ptychoparia  oweni  in  the 
debris  washed  down  by  the  Cascade  River  from  the  Cascade  Mountains 
indicates  the  presence  of  tlie  Upper  Cambrian  fauna  in  this  region,  and 
it  is  not  improbable  that  it  will  be  found  in  the  Castle  Mountain  or 
Mount  Stephen  section. 

'  Notes  on  the  f;eolof;y  of  Moant.  Stephen,  DritiHh  Colunihia.  Anu-ricnn  Goologist,  voL  3,  1889,  pp. 
22-25. 

'Report  on  the  Goolo^io.al  Stnictnro  of  a  portion  of  thu  itocky  Mountains,  with  a  section.  OeoL 
Snrv.  Canada,  new  ser.  188C-87, 1887,  pp.  24-20D. 
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The  sedimentation  of  the  western  area  is  much  more  varied  and 
larger  than  that  of  the  eastern  side  of  the  Rocky  Monntains.  The 
sontheru  portion,  represented  by  the  Eareka  District  section,. extend- 
ing from  the  basal  quartzite  to  the  base  of  the  Lower  Silarian  (Ordovi- 
ciau),  is  a  continuous  conformable  succession  of  limestones  and  cal- 
careous shales,  with  the  exception  of  a  narrow  belt  of  arenaceous 
shales  resting  directly  upon  the  lower  quartzite.  The  calcarcons  sedi- 
ments are  6,200  feet  in  thickness  and  include  the  faunas  of  the  Middle 
and  Upper  Gambrian.  The  Lower  Cambrian  fauna  is  well  developed 
in  the  shales  between  the  limestone  and  the  quartzite.  The  Highland 
Range  section,  125  miles  to  the  south,  has  a  thickness  of  4,800  feet  of 
limestone,  between  the  quartzite  and  the  Lower  Silurian  (Ordoviciau). 
Proceeding  eastward  from  central  iN'evada  to  northern  central  Utah, 
the  Cambrian  formations  thin  out,  and  on  the  flanks  of  the  Wasatch 
Mountains  are  represented  by  250  feet  of  argillaceous  and  siliceous 
shales  above  the  basal  quartzite.  In  this  section  only  the  Lower  and 
Middle  Cambrian  faunas  are  found.  The  three  thousand  or  more  feet 
of  limestone,  with  an  abundant  Upper  Cambrian  fauna,  found  in  central 
Nevada,  is  unrepresented, 
^^'ll  ^  comparison  of  the  section  ih  the  Wasatch  Mountains  with  that  of 

Nevada  shows  that  in  both  the  earlier  conditions  of  sedimentatiou 

were  apparently  the  same.    But  during  the  deposition  of  the  Upi)er 

and  Middle  Cambrian  rocks,  in  the  immediate  vicinity  of  the  Wasatch 

Range,  it  was  an  area  of  minimum  deposition  of  argillaceous  sediment, 

while  that  of  Central  Nevada  was  one  of  a  great  accumulation  of  calca- 

,'/  reous  sediment. 

y.i-L.  :•  What  the  conditions  were  in  the  vicinity  of  the  Wasatch  Range 

^)'   |.'  during  the  deposition  of  the  great  calcareous  deposits  of  central  IJevada 

of    Upi)er  and  Middle  Cambrian  times  is  largely  conjectural.    The 

^    physical  appearance  of  the  ro<iks  indicates  a  shallow  sea  with  very 

I  little  deposition  of  sediment  during  the  earlier  portion  of  Cambrian 

•'  time,  and  either  a  very  shallow  sea  without  deposition  of  sediment  or 

a  very  deep  sea  without  deposition  of  sediment,  during  the  latter  part 

*  of  Cambrian  time.     It  may  be  that  some  sediment  was  deposited  and 

;,  subsequently  was  removed  b^  erosion,  but  this  is  exceedinjgly  doubtful. 

-  "  The  pure  limeatoues  of  the  Lower  Silurian  (Ordovician)   rest  directly 

upon  the  shales  of  the  Cambrian,  without  any  apparent  unconformity. 

.   '*:  To  the  north,  near  Malade  City,  Idaho,  there  are  1,200  to  1,400  feet 

':      ji  of  limestones  that  occur  above  the  series  of  quartzites  and  slates.    The 

|i  sedimentation  is  essentially  the  same  as  that  of  central  Nevada  with 

the  exception  of  a  less  amount  of  calcareous  sediment  above  the  basal 

quartzite.    The  Upper  Cambrian  fauna  has  been  found,  but  not  the 

Middle  or  Lower  fauna.     Still  fixrther  to  the  north,  in  western  Alberta, 

^  and  eastern  British  Columbia,  the  same  series  is  represented  in  the  Bow 
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Biver  qaartzltes  and  slates.  The  Cambriao  section  at  this  point  also 
agrees  closely  witb  that  of  S'ev&do.  The  Olenellns  fauna  occurs  at  the 
base  of  a  thick  series  of  limestone,  and  in  ualcareons  shales,  2,000  feet 
higher  up,  the  Middle  Oainbrian  fanna  is  veil  developed.  Where  tiie 
line  between  the  Cambrian  and  Lower  Silurian  (Onlovician)  is  to  be 
drawn  in  this  great  series  of  limestone  and  calcareous  shales  is  still  au- 
determlned. 


Tlie  presence  of  Olenellm  gilberti  3,000  feet  ilown  in  tlie  Bow  Biver 
qu.irtzitc  and  shales  gives  stroit;;  reason  for  icforriiig  the  (-iitirc  Bow 
J£i\cr,  Idaho,  Wasatch,  and  Xevada quarUito  and  sliales  wiriea  to  the 
Lower  Cambrian.  We  know  that  the  vortical  range  of  Ihe  fauna  is 
great  in  the  Appalachian  Hections  and  al^o  in  British  Colniiibia. 

As  a  whole  the  sedimentation  in  the  vicinity  of  tlic  shore  line  of 
Utah  waH  limited  in  amount  in  later  Cambrian  time,  and  consisted 
mainly  of  siliceous  and  argillaceons  mnds.  In  the  deeper  sea  to  the 
wcstwanl  a  great  accumulation  of  calcareous  sediment  rusts  upon  the 
basal  (luartzite,  and  this  continues  to  southern  (tentral  Nevaila.  To 
the  northward  there  is  a  decrease  in  thickness  of  the  limestones  across 
Idaho.  In  British  Columbia  the  section  is  more  like  that  of  central 
Kevada. 
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A  comparison  of  the  sections  of  the  area  on  the  eastern  side  of  tbe 
Bocky  Mountains  with  that  of  the  western  sustains  the  view  that  dur- 
ing late  Algonkian  f ,  Lower  Cambrian,  and  Middle  Cambrian  time  tte 
eastern  Rocky  Mountains  and  the  plains  to  the  eastward  were  above 
the  sea  level,  whilst  to  the  west  the  sediments  of  the  later  Algonkianf, 
Lower  Cambrian,  and  Middle  Cambrian  wereaccnmulatiug  west  of  tlM 
line  of  the  Wasatch  Mountains  and  the  extension  of  this  line  neaiiy 
due  north  into  British  Columbia.  Over  all  this  region  the  coast  line 
and  sea  bed  appear  to  have  undergone  a  gradual  -depFesaion  during 
early  Cambrian  time,  and  a  relatively  rapid  depression  at  the  begin- 
ning of  Middle  Cambrian  time.    (Fig.  3.) 

• 

THE  INTERIOR  CONTINENTAL  PROVINCB. 

This  province  includes  the  Upper  Mississippi  area ;  the  eastern  bor- 
der or  Adirondack  sub- Province,  the  western  border  or  Rocky  Moun- 
tain sub-Province,  and  the  Llano  County  area  of  central  Texas  and 
the  Grand  CaDon  of  Arizona  as  a  minor  southwestern  sab-Province. 

The  Lake  Superior  sandstones  and  the  controversy  in  relation  to 
them  will  be  noticed  under  a  separate  heading,  after  the  description  of 
the  recognized  Upi)er  Cambrian  rocks  of  Wisconsin,  Iowa,  and  Min- 
nesota and  their  Canadian  extension. 

UPPER  MISSISSIPPI  VALLEY. 

In  the  historical  review  the  literature  pertaining  to  these  rocks  has 
Iwert  considereil  under  the  headings  of  "  Wisconsin,^  "^Minnesota,"  and 
"  Iowa,''  but  as  the  strata  all  l)elong  to  one  geologic  basin  it  is  consid- 
en»d  best  to  speak  of  them  collectively. 

TIio  formations  that  have  been  correlated  with  the  Potsdam  sand- 
stone of  New  York  will  be  treated  of  under  two  headings:  (1)  The 
St.  Croix  or  "Potsdam''  sandstone  proper,  and  (2)  the  sandstone  of 
the  south  shore  of  Lake  Superior. 

The  St.  Croix  {^^  Potsdum^^)  sandstone. — The  greater  portion  of  the  ex- 
posures of  the  St.  Croix  or  Lower  sandstone  occurs  in  Wisconsin,  and  it 
here  also  presents  many  variations  in  sedimentation  and  fauna.  Its 
lower  beds  rest  on  the  great  pre-Cambrian  nucleus  of  the  center  of  the 
State,  extending  about  it  from  the  Michigan  line  on  the  northeast  to 
where  it  passes  into  Minnesota  on  the  northwest.  Its  lino  of  contact 
with  the  superjacent  Magnesian  limestone  is  also  very  extended  owing 
to  the  numerous  streams  that  have  cut  through  the  limestone  down  into 
the  sandstone  throughout  its  line  of  outcrop.  The  epoch  was  one  of 
accumulation  of  sand.  The  rocks  are  mainly  light-colored  sandstones 
in  central  and  southern  Wisconsin,  but  embrace  some  beds  of  limestone 
and  shale.  The  maximum  known  thickness  is  about  1,000  feet.  The 
fauna  is  large  and  varied,  and  contains  trilobites,  gasteropods,  ptero- 
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pods,  and  brachiopods.  *The  saccession  of  beds  is,  acoordiug  to  Pro£ 
T.  G.  Chamberlm,  as  follows :  ^ 

On  the  soatheniside  of  the  Arohean  Isliuid  the  lower  part  of  the  formation  nsnally 
consUtB  of  coarse  qnartzose  sand,  of  an  exceedingly  open,  porons  oatnre,  with  but 
little  alaminons  or  fbitngihons  and  almost  no  calcaroons  matter.  Higher  in  the 
series  the  sandstone  becomes  finer  grained  and  the  accessory  substances  named  more 
abundant.  Somewhat  above  the  middle  of  the  series  a  stratum  of  shale  occnrs,  at- 
taining a  known  thickness  of  80  fbet.  This  is  not  everywhere  present  and  seems  to 
be  mainly  developed  at  some  distance  from  the  ancient  shore  line.  It  appears  to 
indicate  that  for  a  time  there  was  a  deepening  of  the  waters,  admitting  of  the  accu- 
mulation of  fine  sediment,  except  near  the  shore,  where  the  deposit  of  sand  continued. 
Above  the  shale  the  sandstone,  reaching  a  thickness  of  150  feet,  is  again  fouud.  This 
is  medinm  or  coarse-grained  and  slightly  calcareous.  It,  in  turn,  is  overlain  by  a 
deposit  of  associated  shale  and  limestone  (the  Mendoia  limestone),  which  attains  a 
thickness  of  35  feet  in  the  vicinity  of  the  lake  from  which  it  derives  its  name.  These 
beds  indicate  a  modification  of  the  conditions  of  deposition,  such  as  to  x>ermit  not 
only  the  settling  of  fine  sediment,  but  the  accumulation  of  calcareous  mud  as  well. 
The  latter  was  doubtless  derived  from  the  calcareous  remains  of  life,  since  the  sea 
then  swarmed  with  living  organisms  whose  shells  and  skeletons  are  found  entoiubcd 
in  the  strata.  The  frequency  of  broken  and  worn  fragments  implies  that  the  greater 
portion  were  ground  to  powder,  forming  the  calcareous  flour  that  subsequently  hard- 
ened into  limestone.  These  beds  appear  to  point  quite  surely  to  a  moderate  deepen- 
ing of  the  waters. 

Overlying  this  impure  limestone  is  a  third  and  thinner  bed  of  saudHtoue  (the  Madi- 
Bon)  with  which  the  Potsdam  series  closes.  This,  on  the  whole,  is  finer  grained  than 
that  below,  and  is  bound  more  firmly  together  by  cementing  material,  which  is 
mainly  a  calcareous  and  ferruginous  infiltration.  The  thickness  of  this  bed  is  about 
30  feet. 

In  eastern  Wisconsin  the  formation  is  divided  by  Prof.  Chamberlain 
into  six  parts,  as  follows, beginning  at  the  top: 

Feet. 

Sandstone  (Madison) 35 

Limestone,  shale,  and  sandstone  (Mendota) 60 

Sandstone,  calcareous 155 

Bluish  shale,  calcareous 80 

Sandstone,  slightly 'calcareous 160 

Very  coarse  sandstone,  noncalcareous 280 

The  thicknesses  given  are  subject  to  considerable  variation.  As  a  general  rule 
they  grow  less  toward  the  northeast.  Where  the  total  thickness  of  the  formation  is 
reduced  by  the  inequalities  of  its  Archean  bottom  it  is  by  the  loss  of  the  lower 
members  of  the  group  and  nOt  by  the  thinning  of  all.' 

The  Upper  or  Madison  sandstone  is  described  as  a  rather  coarse- 
grained, thick-bedded,  compact,  but  soft,  slightly  calcareous,  light-col- 
ored sandstone.  In  its  upper  portion,  immediately  beneath  the  lower 
Maguesian  limestone,  it  is  at  most  localities  coarse,  and  the  topmost 
layer  is  often  broken  up  and  mixed  with  calcareous  material,  giving  it 
acoarsely  brecciated  structure.  The  subjacent  limestone  (Mendota)  con- 
sists of  a  group  of  alternating  strata  of  arenaceous  magnesian  lime- 
stone, sandy  calcareous  shales,  and  shaly  and  calcareous  sandstones.* 

'General  6eolop:y.  HistorioalQeology.  Paleozoic  Era.  Geology  of  WisconRin.  Survey  of  1873-'79, 
vol.  1,  1883,  pp.  121,122. 

[Geology  of  eastern  Wisconsin.]  Chapters  7  and  8.  Lower  and  Upper  Silurian.  Geology  of  Wis- 
consin, Suirey  of  1873-79,  voL  2, 1877,  pp.  260^  260. 

>Op.eit,p.2tOL 
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The  apper  and  lower  limits  of  the  Meudota  group  are  scarcely  defin- 
able. It  graduates  above  into  Madison  sandstone,  so  as  to  make  it 
difficnlt  to  draw  a  line  between  tiie  two,  and  below  the  alteration  of 
calcareoas  and  arenaceons  rock  make  it  equally  difficult  to  say  where 
the  series  ends.  The  Mendota  beds  are  regarded  as  the  eastern  eqvdv- 
cH  alents  of  Dr.  Owen's  Fifth  Trilobite  bed,  the  common  horizon  being 

characterized  by  the  presence  of  Dikelocephalus  minnesotensiSj  D.  pepin- 
evisiSjLingula  aurora^  X.  mosia^  and  a  few  other  species  of  limited  hori- 
zontal distribution.  The  lower  divisions  constitute  the  main  body  of  the 
Potsdam  sandstone  and  present  but  very  few  exposures  in  this  region. 
They  are  divided  into  four  parts.^ 

The  strata  referred  to  the  Potsdam  sandstone  by  Prof.  B.  D.  Irving 
in  central  Wisconsin  have  a  surface  distribution  of  over  6,000  square 
miles.'  In  the  vicinity  of  Madison  the  following  succession  of  layers 
between  the  Mendota  base  and  the  Archean  occurs :' 


>':« 


.     ..T 


1 
■  I 
.  * 


1.  Greensand  layer.... 1 

2.  Calcareoas  and  dolomitic,  friable,  fine-grained,  greenish  sand- 
stone      31 

3.  Not  known 31 

4.  Light  colored  sandstone,  for  the  most  part  purely  siliceoas, 
being  made  of  rolled  qnartz  grains ;  bnt  no  specimens  ob- 
tained from  the  nppermost  layers 704 

6.  Red  shale 10 

Total 777 

The  generalized  section  given  aboye  for  the  Potsdam  series,  below  the  Mendota 
base,  holds  true  for  a  large  part  of  the  central  Wisconsin  district,  and  wonld  be  sat- 
isfactory for  all  of  it  but  for  the  facts  next  to  bo  stated.  * 

Prof.  Irving  then  proceeds  to  describe  layers  of  sandstone  and  Ik)wI- 

der-conglomerate  occurring  near  the  pre-Cambrian  quartzite,  which 

apparently  occupy  a  higher  position  and  extend  downward  across  the 

upper  portion  of  the  eastern  Madison  section.    He  explains  this  occar- 

renco  on  the  theory  of  the  accumulation  of  these  conglomerates  and 

sandstones  near  the  shore  line  at  a  higher  level  than  the  sandstones 

that  accumulated  offshore. 
If  I'- 

if  i.  The  beds  of  passage  between  the  Potsdam  and  Lower  Magnesian  series  include,  as 

already  said,  two  well  marked  bods,  GO  to  90  feet  in  combined  thickness — the  Men- 
dota limestoue  aud  the  Madison  saudstoue/ 

Of  the  fauna  in  the  rocks  he  says : 

!*  To  the  list  of  fossils  of  the  lower  sandstoue  series  given  by  Prof.  Hall  but  little  has 

-■  jj  been  added  by  the  present  survey,  as  far  as  central  Wisconsin  is  concerned.     *    •    * 

rj  The  geuoral  grouping  of  upper,  middle,  and  lower  species  appears  to  hold  true  as 

.  fl  regards  the  order,  but  his  lower  species  must  really  be  assigned  to  the  middle  of  the 

.:^  series,  since  its  thickuess  is  about  twice  as  groat  as  Mr.  Hall  supposed.^ 


»  Op.  cit.,  pp.  261,  262. 

*  Tbe  Lower  Silnrian  rocks.    (Chsolo^y  of  coiitral  Wisconnin.)    Geology  of  Wisconsin,  survey  ol 
187a-1879.  voL  2, 1877,  p.  529. 
^  *Op.oit,p.&34.  «Op.cit,p.530.  *Up.cit,p.542.  •  Op.  oit.,  p.  541 
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Id  the  Mississippi  Valley,  in  soathwestern  Wiscousin,  Mr.  Moses 
Strong  estimated  the  total  thickness  of  the  Potsdam  at  800  to  1,000  feet, 
the  inequalities  in  the  surface  of  the  underlying  Archean  rocks  being 
the  principal  source  of  its  variation.^  The  formation  is  composed  al- 
most entirely  of  sandstone.  The  only  exception  to  this  is  the  stratum 
of  magDcsian  limestone  and  shale  found  in  the  upper  part  of  the  for- 
mation. 

The  stiata  of  the  foTmation  Me  nsnally  compoeod  of  fine  BUiceoas  sand,  generally 
in  emaU,  rounded,  water-worn  grains  of  almost  every  color,  the  most  frequent  being 
the  various  shades  of  yeUow  and  red,  sometimes  green,  and  often  snow  white.  The 
Bt^ata  vary  greatly  in  consistency,  and  in  different  localities  the  same  stratum  may 
present  different  degrees  of  hardness.  Some  of  the  layers,  and  especially  the  white 
ones,  are  frequently  almost  as  compact  as  quartzite,  and  from  this  all  degroos  are 
foundj  to  a  loose,  friable  sand  that  crumbles  in  the  hand.  •  *  •  The  stratification 
of  the  Potsdam  is  very  regular  and  even,  and  the  beds  usually  lie  in  a  nearly  hori- 
zontal position  over  large  tracts  of  country.  Indeed,  so  little  do  they  deviate  from 
an  apparent  level  that  the  dip  can  not  be  distinguished  by  the  eyo,  but  only  by  a 
careful  measurement.  The  dip  is  usually  to  the  northwest,  and  seldom  exceeds  8  or 
10  feet  to  the  mile,  but  more  frequently  it  is  less.' 

The  most  highly  fossiliferous  portion  of  the  formation  occurs  in  west- 
em  Wisconsin.  The  formation  is  divided  in  the  lower  St.  Groix  dis- 
trict, by  Mr.  L.  0.  Wooster,  into  four  horizons,  as  follows:^  (1)  "Eau 
Claire  grit ;  (2)  Eau  Olaire  trilobite  beds ;  (3)  Hudson  trilobite  beds, 
and  (4)  line  of  junction  with  the  Lower  Magnesiau  limestone."  In  this 
region  it  borders  upon  the  metamorphic  and  igneous  rocks  to  the  north 
and  east,  and  touches  the  Lower  Magnesiau  limestone  on  the  south  and 
west. 

The  four  horizons  mentioned  are  described  as  follows : 

The  Eau  Claire  gritf  exposed  at  the  month  of  Kan  Claire  Kiver,  is  a  very  coarse  sand- 
stone, with  Scolithus  tubes  in  one  or  two  of  the  layers.  The  rock  is  so  coarse  that  it 
has  been  termed  a  oouglomerate,  not  without  reason. 

The  Eau  Claire  trilohite  hcda  are  characterized  by  several  species  of  trilobites  not 
found  at  any  other  horizon,  and  also  by  being  the  lower  limit  at  which  brachiopods 
wore  found  in  the  sandstone.  These  beds  likewise  mark  the  lower  limit  of  calca- 
reous matter  in  the  formation. 

The  Hudson  trilohite  hede  lie  at  the  best  defined  horizon  in  the  sandstone.  These 
beds  lie  in  close  relationship  to  and  between  the  Lower  Calcareous  band  and  the  layers 
which  are  richest  in  green  sand,  and  thus  can  not  well  bo  mistaken.  «  •  *  fi^^, 
shaly  layers  below  the  trilobite  beds  are^intensely  groou  from  the  presence  of  green 
sand  (a  variety  of  glanconite),  which,  so  far  as  known,  is  true  of  no  other  horizon. 

The  line  of  junction  xcith  the  Lower  Magnesiau  limestone  may,  in  nearly  every  instance, 
be  recognized  by  the  heav}'  brocciated  beds  of  limestone  just  above.  But  this  char- 
acter may  fail  in  the  extreme  southeastern  border  of  the  district,  where  it  is  possible 
tliat  beds  of  sandstone  are  iuterstratifiod  with  the  lower  layers  of  the  Lower  Magne- 
sian  limestone,  as  in  eastern  Wisconsin.^ 

'  Qeolofiical  formations.  (Geo1o;?y  of  the  MiminHippi  regions  north  of  the  Wisconsin  River.)  Geol> 
Ofcy  of  Wii«consin,  survey  of  1873-1879,  vol.  4, 1882,  p.  45. 

«Op.cit.,  pp.  39,40. 

*  Detailed  geology :  [Geology  of  the  lower  St.  Crox  district.  J  Geology  of  Wisconsin,  survey  of  1873> 
1879.  vo.  4, 1882,  p.  109. 

«Op.cit.p.llO. 


1 


■J 
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Another  horizon  is  mentioned  in  which  lies  the  Upper  Oalcueous 
band,  possibly  marking  the  horizon  of  the  Mendota  limestone  of  oeo- 
tral  Wisconsin. 

At  no  one  point  in  the  district  is  the  entire  formation  expo«ed|  and  ao,  to  oibtaiB 
the  entire  thickness  from  the  Lower  Magnesian  limestone  to  the  granite  below,  the 
sum  of  the  thicknesses  of  the  sahdiYisions  is  taken : 


From  the  Lower  Magnesian  to  the  Hudson  trilohite  bed.  ..*••.  200 

From  the  Hudson  trilohite  bed  to  the  Ban  Claire  Trilohite  bed  .  200 

From  the  Ean  Claire  Trilohite  bed  to  the  Ean  Claire  grit S40 

From  tlie  Ean  Claire  grit  to  the  granite  (at  Ban  Claire),  esti- 
mated   - 100 


ToUl ! 740 

The  last  division  is  probably  much  thicker  to  the  south  and  west,  making  tiie 
thickness  of  the  formation  range  to  tiOO  and  1,000  feet.^ 

The  report  of  Prof.  Wooster  contains  details  of  nnmerons  local  sec- 
tions that  show  the  lithologic  and  paleontologic  characters  of  the  forma> 
tion. 

The  outcrops  in  Iowa  are  the  continuation  of  those  of  southweBtem 
Wisconsin ;  and  very  little  is  added  to  the  knowledge  of  the  formation 
in  Minnesota,  where  it  is  called  the  St.  Groix  sandstone  by  Pro£  N.  E 
Winchell.  At  Winona  and  Stockton  there  are  abont  303  feet  of  the 
formation  exposed.* 

A.  generalized  section  in  Minnesota,  as  given  by  Prof.  Winchell,' 18 
as  follows : 

Feet 

i  Jordan  sandstone .....75-1 00=  Madison  of  Wisconsin. 

St.  Croix <  St.  Lawrence  limestone 0-  30  =  Mendota  of  Wisoonain. 

f  Dresbach  sandstone  and  shales ^00. 

Shales (T) 

CAlf  ADIAH  KXTKM8ION. 

In  the  account  of  a  deep  boring  at  Bosenfeld  Station,  on  the  Canadian 
r  Pacific  Railway,  Dr.  G.  M.  Dawson  correlates  the  upper  portion  of  the 

I  section  with  the  Maquoketa  shales,  beneath  which  occurs  the  Galena 

limestone,  passing  below  into  Trenton  and  then  to  the  St.  Peters  sand- 
stone. Below  this,  before  reaching  the  granite,  there  are  110  feet  of 
dark  red,  reddish  and  greenish,  bluish  and  grayish  shales,  passing  be- 
low into  red  shales,  which  are  referred  with  doubt  to  the  Lower  Magne. 
sian  limestone.*  Whether  the  St.  Croix  sandstone  is  represented  in 
this  section  can  not  be  determined  in  the  absence  of  paleontologic  evi- 
dence, but  it  is  not  improbable  that  the  horizon  of  the  St.  Croix  and  the 
Lower  Magnesian  limestone  of  the  Minnesota  section  may  both  be  in- 
cluded between  the  limestone  and  the  granite  at  the  bottom  of  the  well. 

U)p.cit..p.  112. 

'Tho  (jW)logy  of  Minnesota,  vol.  1  of  the  final  report.    1884,  p.  258. 
»  Wiuclull.  N.  n.:  Uth  Ann.  Rep.  Minn.  Geol.  and  Nat.  Hist. Survey,  1886,  pp.  325-337. 
«0q  certjiiu  borings  in  Manitoba  and  the  Northwest  Territory.  Royal  Soo.  Canada,  Proo.  and  Trans., 
vol.  4,  section  4,  1887,  p.  86. 
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LAKE  8UPKRIOK  BAlTDflTOirB. 

The  earlier  geologists  speak  of  the  Keweenawau  series  and  the  hori- 
zontal Lake  Superior  sandstones  as  forming  part  of  the  same  terrane, 
and  this  view  has  been  sustained  by  some  more  recent  writers.  Many 
others,  however,  have  held  the  view  that  the  horizontal  sandstones 
were  the  equivalents  of  the  fossiliferous  sandstones  beneath  the  Mag- 
nesian  limestone  of  central  Wisconsin,  and  that  the  sandstones  of  the 
Keweenawan  series  were  unconformably  subjacent  to  the  horizontal 
sandstones.    Prof.  B.  D.  Irving,  taking  the  latter  view,  says : 

The  constant  horizontality  of  the  sandstone  series,  its  restriction  to  low  levels, 
the  actaal  nnoonformity  visible  in  Donglas  Coonty,  the  proximity  of  the  horizontal 
tuindstones  to  the  enormously  thick  peri>endicular  fragmental  beds  of  the  Montreal 
liiver,  and  the  relations  of  the  two  series  on  the  St.  Louis  appear  to  amonntto  dem- 
onstration. In  the  Thnnder  Bay  region  the  Canada  geologists  have  proved  a  similar 
nonconformity,  and  Sir  William  Logan's  arguments  would  seem  to  show  that  the 
same  is  true  for  the  southeastern  shore  of  the  lake.  That  it  may  at  times  be  difficult 
to  tell  whether  we  have  to  do  with  the  Keweenawan  or  the  newer  sandstones  is  un- 
doubtedly true  in  some  of  those  cases  where  the  Keweenawan  beds  have  a  low  incli- 
nation, but  such  oases  of  difficulty  are  rare.^ 

Of  the  relation  of  the  horizontal  sandstones  on  the  north  side  of  the 
Wisconsin  pre-Oambrian  area  and  the  fossiliferous  sandstone  on  the 
southern  side  he  says :' 

An  absolute  proof  of  their  exact  relations  is  wanting,  because  nowhere  as  yet  have 
the  two  been  traced  into  each  other.  Judging  from  the  low  altitude  above  the  lake 
to  which  the  Lake  Superior  sandstone  has  been  seen  reacliing,  it  appears  improbable 
that  any  connection  ever  existed  between  the  two  formations  in  the  Wisconsin-Min- 
nesota region.  *  *  *  It  appears,  on  the  whole,  that  the  evidence  is  all  in  favor  of 
an  approximate  equivalency  of  the  Lake  Superior  and  Mississippi  Valley  Potsdam 
sandstones.  It  seems  probable  to  me,  with  my  present  knowledge  of  the  facts,  that 
they  were  deposited  in  always  disconnected  basins,  and  that  their  sharply  contrasted 
lithological  peculiarities  are  to  be  explained  by  corresponding  differences  in  the  an- 
cient rocks  from  whose  ruins  they  are  built. 

Under  the  designations  of  the  "  Eastern  sandstone  "  and  "  Western 
sandstone"  Prof.  Irving  describes  the  horizontal  sandstones  of  the 
south  shore  of  Lake  Superior.  By  the  ^^  Eastern  sandstone  ^  he  means 
sandstone  that  fills  the  valley  between  the  Keweenaw  or  main  trap 
range  of  Michigan  and  the  so-called  south  range.  The  eastern  end  of 
this  depression  is  occupied  by  the  waters  of  Keweenaw  Baj'.  The  sand- 
stones skirt  the  shores  in  a  band  varying  in  breadth  from  a  few  rods  to 
1  or  2  miles,  the  older  crystalline  rocks  occasionally  reaching  down 
to  the  lake.  These  conditions  prevail  as  far  eastward  as  Marquette, 
beyond  which  point  to  the  eastward  sandstone  forms  all  of  the  shore 
cliffs  as  far  as  the  Sault.' 

'  GeoloKical  Stmctnre  of  Northern  Wisconflin.     TGeneral  Keology  of  the  Lake  Saperior  Be^oxL 
Geology  of  Win.,  Survey  of  1873-79,  vol.  3, 1880,  p.  23. 
■0p.cit,pp.24,25. 
*  The  Ck>pper-bearing  Bocks  of  Lake  Saperior,    U.  S.  Geol.  Sarv.,  Monograph,  vol.  5, 1888,  p.  SSL 
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Tho  characters  of  the  sandstone  and  its  relation  to  the  sapetjaoent 
rock  are  stated  as  follows : 

I  The  sandfltoueft  of  the  Ko weonaw  Bay  and  its  vicinity,  and  eastward  thence  to  Wbitf 

i  Kinh  Uiver,  are  reddiiih  and  often  highly  argillaceous.    At  White  Fish  Biver  thend 

;  sandstone  is  overlain  by  a  light-colored  sandstone,  which  is  in  turn  snccec^led  by  a 

^  Tiiagnosiau  limestone,  in  which  are  casts  of  Plenrotomaria.     This  limestone  is  the 

I  Lower  Magnesian  of  the  Wisconsin  reports  and  the  Calciferous  sandrock  of  the  East- 

i  crn  States.    That  it  is  succeeded  in  regular  order  by  the  fossiliferoas  lime«toL«»  of 

I  tho  Trenton,  Cincinnati,  and  Niagara  groups  was  long  since  shown,  and  has  been 

1'  dviuonstrated  n n u w  of  late  years  by  the  labors  of  the  geological  surveyors  of  Wiscomiii 

I  and  Micliigan.    There  thus  seems  little  room  for  doubt  as  to  the  oorrectncss  of  the 

.?  view  held  for  years  by  a  succession  of  geological  workers  in  the  Lake  Superior  region 

i  from  Owen  to  Kominger,  viz,  that  ip  the  Eustorn  sandstone  we  have  to  do  with  the 

.  same  formation,  or  with  its  downward  continuation,  as  the  fossiliferous  Cambriu 

sandstone  which,  in  the  Mississippi  Valley,  forms  the  base  of  the  Paleozoic  colamn.' 

The  Western  sandstones,  or  those  of  the  Apostle  Islands  and*  the  ad- 
joining?  coast  of  Bayfield,  Dou^^las,  and  Pine  Counties,  are  coinposedof 
a  horizontally  placed  sandstone,  closely  resembling  in  character  the 
Eastern  sandstone  of  Keweenaw  Point. .  The  exposures  of  the  sand- 
stone  are  almost  entirely  restricted  to  the  vicinity  of  the  shores  of  the 
lake,  on  the  mainland,  and  the  Apostle  Islands,  and  have  never  been 
seen  reaching  more  than  50  feet  above  the  lake  level.    Farther  west, 
however,  in  Douglas  County,  the  horizontal  sandstone  reaches  to  360 
feet  above  the  lake.*    Prof.  Irving  states  that  the  prevailing  color  of 
this  rock  is  some  shade  of  red,  from  bright  brick  red  to  a  brownish 
red  or  purplish  red.  *  Pinkish,  straw-colored,  and  even  nearly  pure 
white  varieties  occur,  either  blotching  the  onlinary  red  rock  in  small 
patches,  or  occurring  in  layers  from  an  inch  to  2  or  3  feet  in  thickDe^s. 
A  section  typical  of  many  of  the  cliff  exposures  of  the  lake  shore  is  as 
follows : 

Ft.  In. 
K(mI  marly  chiy  (Quaternary) 5    0 

Slialy  hhihIhi  oiir,  in  layrrs  from  ono-fourth  to  ono-half  inch  thick ; 

lijijht  rtuMlsli  to  hrown,  mo(linm-;;r«'iinCfl,  chiolly  uiade  up  of 

Hulmn^iilnr  (|nnrt/  j^rainM 4    9 

(■ompnot  Hanilhtono 2    0 

Slialy  HanilHt(»n«) 0    3 

('ompact  Kanilstono;  pinkish  and  modorat<jly  coarse-frraiucd, 

chiolly  ma<h'  up  of  quart/  graiu«,  but  many  white  clay  spots, 

indicating  tho  decumpu.'stid  fchUpar H    0 

14    0 

The  Hlialy  and  maswivo  layers  .ire,  howovor,  not  constant,  and  cither  will  RratU- 
into  tho  <»thcr  in  a  short  distance,  tho  shaly  kinds  being  often  merely  a  result  of 
weathering.  Often  the  massive  layers  havo  a  tliicknoss  of  5  feet  and  upwards,  and 
lie  ti»grtlier  in  considerable  thicknesses  without  intervening  thin-laminated  Hoauw. 
Jn  many  places  mund  bunches  of  red  clay,  from  an  inch  to  several  feet  in  diameter,  are 
sein  iujbechled  in  the  massive  sundstone.     In  other  cases  the  clay  lies  in  limited  and 

'Op. .  ii^pp.^M.  :io-2. 

■  rill'  I.jik*'.  SiiiMTior  Saud*toiio.    |  Geology  of  the  Eastoin  Lake  Sapcriur  District  1    Geol.  Wiscon- 
6i«,  vol.  3,  l^^O,  II.  207. 
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rery  imgalar  Beams,  ftom  a  fraotion  of  an  inoh  to  Beyeral  inches  thick.  Some  of  the 
ronnd  clay  patches  appear  as  if  formed  by  the  decomposition  of  granite  or  gneiss 
bowlders  imbedded  in  the  sandstone  at  the  lime  of  its  formation. >    ' 

In  speaking  of  these  same  sandstones  Mr.  E.  T.  Sweet  says : 

In  regafd  to  the  agt  of  the  Lake  Superior  eandaioneaf  bnt  very  little  in  deed  can  be 
learned  in  the  western  Lake  Superior  district.  So  far  as  my  obseryations  have  ex- 
tended, the  sandstones  are  absolutely  devoid  of  organic  remaiim.  They  arc  removed 
many  miles  and  are  separated  by  intervening  older  formations  from  the  unmistak- 
able Lower  Silurian  strata. 

He  considers  it  has  been  conclasively  shown  that  the  sandstones  are 
of  more  recent  age  than  the  Keweenawan  strata.^ 

Dr.  0.  Bominger  conclnded  from  his  studies  of  the  Lake  Superior 
sandstone  that  its  Lower  Silurian  age  was  unequivocally  proved  by  its 
stratigraphic  position.  In  its  whole  extent  it  is  visibly  overlaid  by  cal- 
ciireons  ledges  containing  fossils  i)ecnliar  to  the  Galciferous  formation, 
or,  in  other  cases,  by  the  Trenton  limestone.  He  describes  the  sand- 
stone east  of  the  Copper  Eauge  of  the  Keweenaw  Point  and  divides  it 
into  two  sections,  an  upper  and  a  lower  one.    He  says : 

The  upper  section  is  composed  of  light-colorud,  alinoHt  white,  BanilHtoiies  of  generally 
soft,  friable  nature.  The  lower  section  is  intensely  red  colored  by  iron  pigment,  and 
contains  varioushard,  compact  ledges,  which  are  valuable  biiihlin<;  stones.  West  of 
Marquette  only  the  lower  section  of  the  group  is  developed;  oast  of  it  the  heights 
are  formed  by  the  upper  division ;  the  lower  has  exclusive  pOHsessioiL  of  the  shore  as 
far  as  Grand  Island  Bay.  East  of  Grand  Island  Bay  the  u])]K'r  division  einks  down 
to  the  level  of  the  water,  and  only  in  limited  spots  the  lower  rod-colored  strata  come 
to  the  surface.' 

On  Laughing  Whitefish  Kiver  a  section  as  determined  by  Dr.  Boni- 
inger  is  as  follows  in  ascending  order: 

Feot 
No.  1. — Alternations  of  thin-bedded,  hard,  often  niioaceous  sandstone  Hlabs, 

with  arenaceous  shales  (as  oxposed) 25 

No.  2. — A  tine-grained,  more  or  less  argillaceous  red  samlstoue  iu  layers  of 

1  to  3  feet  in  thickness  with  seams  of  red  Khales 12 

No.  3. — Ahard,  coarsor-grainc<l,  red,  or  speckled  Baiulstone  in  heavy  ledges  up 
to  4  and  5  foot  in  thickness,  amounting  iu  the  aggregate  to  lo  or 20 
feet 15-20 

No.  4. — Light-colored,  middling  soft  sundstone  in  thick  layers  with  seanm  of 
quartz  pebbles,  followed  by  a  few  feet  of  a  dark  and  coarse  conglom- 
erate; thickness  not  accnratcly  ascertained 00 

No.  5. — A  series  of  thin-bedded,  soft,  whitish  sandstones,  each  layer  separated 

from  the  other  by  a  narrow  soam  of  bluish  shale 75-100 

No.  6. — Massive  soft  white  sandrock,  projecting  in  vertical  walls 50 

Directly  above  this,  strata  of  the  Galciferous  sandrock  occur  with 
casts  of  rieurotoniaria.* 

This  section  of  Dr.  Komiuger's  is  not  altogetlier  complete,  bnt  it  shows 
conclusively  that  the  LaivC  Superior  sandstone  in  the  vicinity  of  Mar- 

1  Lake  Saperior  sandstoDo  [G(M>Io^y  of  the  Wetttern  Lako  ^Superior  diBtrict].    Goolof^y  of  Wiaconsin, 
Survey  of  187»<'70,  toI.  3,  IStW,  pp.  208, 200. 
sOp.  ci^,  pp.  351p352. 

*Paleosoic  Bocks.    Geol.  Survey  Michigan,  Upper  Peninsula,  1869-1873.  vol.  1,  pt.  3, 1873,  pp.  80-82. 
«Op.cit.,pp.88-90. 
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quett.e,  or  east  of  Marquette,  occupies  the  exact  stratigrapbic  position c 
the  fossiliferous  St.  Croix  or  **  Potsdam  ^  sandstone  of  Wisconsin.  Th 
description  of  the  character  and  geologic  equivalency  of  the  sandstone 
of  the  soutli  shore  of  Lake  Superior  as  given  by  Prof.  Ghamberlin  a< 
cords  Willi  the  view  I  had  formed  from  the  study  of  tbe  literature  pes 
taining  to  the  subject.  Although  not  considering  it  proved  that  the  tv 
sandstones  arc  exactly  conteuiporaneons,  I  think  that  for  all  practiQ 
geoU)gical  ehissi filiation  they  may  be  considered  equivalent  deporit 
This  view  is  so  well  expressed  by  Prof.  Ghamberlin  that  it  is  hei 
quoted : 

Lake  Snfnrior  8and«tone, — The  saniUtonus  ou  tho  southcni  side  of  tho  Archean L 
anil  arc  Iij;1it-<:olored,  beiiij;  mainly  yellow  or  white,  varyin;;  locally  to  pink,  brow 
and  };ri'(>n.  TIi«'y  are  nowluTo  bodily  dark.  An  easy  explanation  of  this  i«  foond 
the  fact  that  they  were  derived  frf>ni  tho  light-colored  qnartzoso  and  granitic  rocl 
nftht*  i»outh«>rn  fac-e  of  tlu*  land.  Kut  passing;  aniund  to  the  Lake  Superior  Da^iDi 
the  nt>rth«M'n  fside  of  the  inland,  where  erosion  preyed  upon  the  iron-boariug  nieiub^ 
of  thi'  Ilnronian  Horii*H,  and  more  esjiecially  npon  tho  traps,  sandstones,  and  8ha]e« 
(he  eopper-bearin/;  Herii*.s.  the  resultiu^  bods  are  not  only  reddish  brown  in  color,  bi 
contain  a  notablr  ingredient  of  iron  and  of  slialy  material  derived  f^om  those  form 
tions.  Indeed  the  deponit  beaiM  a  very  close  external  resemblance  to  the  sandstou 
of  the  Keweenawan  serieMy  and  the  two  have  been  considered  as  identical  by  ab 
geologists. 

Concerning  tho  distinctnesH  ol  the  two  formations  we  entertain  no  doubtful  opii 
ion.  The  Potsdam  sandntone  \h  habitually  hori/.outal,  while  the  Keweenawan 
tilted,  indicating  that  the  latter  partook  of  a  general  .stratigrapical  movement  whic 
did  not  allt'ct  the  fonnrsr,  whirh,  eonsidirring  the  attendant  circurustaTiccs,  is  equiv; 
lent  to  Maying  that  tin*  hori/onial  sandt^toneH  were  not  tlu^u  in  existence.  The  oW 
vatioiiH  of  Mr.  Sweet  in  Douglas  County  are  further  proof  of  this.^  The  Potwljy 
.sandstone  there  abuts  uneonforniably  againsi  the  Keweeuawan  traps  and  contolt 
ju'bbles  derived  from  them,  showing  not  only  that  they  were  earlier  formed  but  tb; 
tlH\\  were  tilted  and  extensively  eroded  at  the  time  the  horizontal  sandstones  wei 
formed.  The  local  disturijanee  of  the  latter  doesnot  vitiate  the  force  of  the  evident 
when  f.-ritieally  considered.  Similar  ]>honomena  are  presented  along  thesontheastei 
face  of  the  proiiioutopy  oi'  Keweenaw  Point.* 

Mesides  these  strati  graphical  evidences  of  distinctness,  the  microscopical  ol>ser\'i 
tions  of  Prof.  living  and  the  chemical  analyses  of  Mr.  Sweet  show  an  important  c<»; 
stititi<)nal  distincticm  between  them.'  Whereas  the  Keweeuawan  sandstones  a 
largely  nonijnart/ose,  the  horj/ontal  beds  arc  highly  quartziferons. 

As  tin*  latter  are  traced  c'astwanl  along  the  south  shore  of  Lake  Superior  they  a 
found,  according  to  l>r.  Komiiiger,  to  bt^  interstratined  with  and  graduated  intot' 
light  colored  sandstones  wJiich  prevail  in  the  eastern  portion  of  tho  npx»er  peninsu 
of  Michigan,  and  which  are  traceable  into  direct  continuity  with  the  light-colon 
sjindstoiies  of  Wi.sconsin.  Tho  s:»ne  goologist  (.as also  ?^ostor  and  Whitney)  is  auth( 
ity  for  tho  statement  that  in  the  Keweenaw  Valley  Silurian  limestone  overlies  tl 
sandstone. 

The  southern  light-colored  sandstones,  like  their  northern  equivalents,  abut  n 

»  (mi.1.  Sill V.  ^YiH..  vol.  3,  pp. ^40-347 ;  aliio  350  352. 

''Ihi.H  has  n-ci-ntly  Imm-ii  AenU^  by  Dr.  M.  E.  Wailftworth,  bnt  more  recent  exaiiiination  \\y  exjx- 
im\{'»mI  oIl^itvoih  hhows  liiH  (liaciiMion  iJ"  tlio  siilijrct  to  bo  nrnre  pioniinnatiTe  than  truatwurthy.  B 
1»Min  of  till*  Miisoiiin  of  (^mipnrntivo  Ziiol»;ry,  at  Harvard  ColloRo,  GeoL  Seripa,  voL  1 .  Tbc  fact« 
ill  i.u!  an  aot«'riiiliu;il  by  tin*  later  <ibH«;rvntions  will  lie  foiiud  in  Frof.Irving'a  forthcommg  report 
III*'  ( >i|ipi-rlMMriiiir  Merh'H. 

-  (iool.  Wig.,  vol.  3.  pp.  15  auU  350,  and  microscopical  PI.  xix  A. 
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conformably  affainat  erodod  olifb  of  Keweenawan  rook.  At  St.  Croix  Falls  light- 
colored  Putcdam  sandatone  containiDg  charaoieristic  fossils  reposes  unconformably 
upon  and  against  Keweenawan  oli£b  and  occupies  depresisloDs  and  valleys  formed 
throngh  its  erosion.  Conglomerates  derived  from  it  mark  tUo  janction  of  the  two 
formations  and  contain  Potsdam  fossils.  Hand  specimens  may  be  obtained,  having 
Keweenawan  rook  for  one  side  and  Potsdam  sandstone  containing  shells  of  Lingulepis 
pinwtformU  for  the  other.  The  phenomena  absolntely  forbid  any  explanation  based 
on  faulting  or  intrusion 

North  of  St.  Croix  Falls  the  same  strata,  sustaining  a  like  stratigraphical  rolation- 
ahip  (though  not  seen  in  actual  unconformable  contact)  may  be  traced  more  than  half 
way  across  the  Keweenawan  series.  Passing  the  remainder  of  the  interval  to  Lake 
Superior  the  horizontal  red  sandstones  are  found  abutting,  in  similar  nuconformablo 
contact,  against  the  eroded  Keweenawan  series  as  above  stated.  The  accompanying 
section  illustrates  the  general  relationship,  but  only  a  careful  study  of  the  details 
can  make  clear  the  fhll  force  of  the  evidence. 

When  to  these  considerations  there  are  added  others  less  susceptible  of  brief  state- 
ment, to  which  we  are  here  confined,  it  sppears  that  the  distinctness  of  the  horizontal 
Lake  Superior  sandstone  from  that  of  the  Keweenawan  system  and  the  correctness  of 
its  reference  to  the  Potsdam  series  is  sustained  by  a  weight  of  evidence  that  would  not 
be  seriously  questioned  but  for  complications  with  what  we  deem  the  misinterpreta- 
tions of  other  geological  features  of  the  Lake  Superior  region.  The  modifications 
which  the  formation  assumes  in  that  region  are  precisely  those  which  its  method  of 
derivation  demands.' 

CANADIAN  BXTINBION. 

On  the  geological  map  of  the  Dominion  of  Canada,  published  in 
1882,  the  Nepigon  series  of  rocks  is  colored  Cambrian,  both  on  the 
shores  of  Lake  Superior  and  about  Lake  Nepigon.  This  is  in  accord- 
ance with  the  views  of  Dr.  A.  B.  C.  Selwyn. 

MISSOURI. 

The  Cambrian  rocks  in  Missouri  occur  in  the  southwestern  portion  of 
the  Btate,  about  the  Ozark  Uplift.  As  far  as  known  tbcy  are  of  Upper 
Cambrian  age  and  consist  of  a  sandstone  that  occurs  beneath  the  third 
magnesian  limestone,  or  Calciferous,  and  the  fourth  magnesian  lime- 
stone of  the  Missouri  survey,  beneath  which,  according  to  Prof.  G.  C. 
Broadhead,  there  are  other  arenaceous  and  calcareous  beds. 

The  third  sandstone  is  doubtfully  identified  by  Mr.  F.  B.  Meek,  in 
Miller  County,  as  6  feet  of  white  sandstone,  composed  of  rounded  grains 
of  quartz  cemented  in  part  by  calcareous  matter.  Subjacent  to  this 
there  are  27  feet  of  hard  gray  and  light  flesh-colored  magnesian  lime- 
stones in  rugged,  irregular  beds  from  5  to  8  feet  in  thickness.^  In 
Morgan  County  the  third  sandstone  is  known  to  occur  at  a  few  locali- 
ties, where  it  varies  from  25  to  30  feet  in  thickness.  The  subjacent  fourth 
magnesian  limestone  forms  a  blufl'  150  feet  high  above  the  Osage  Eiver 
in  the  southwestern  part  of  the  county.^ 

1  Genenl  gsology.    Hiatoriosl  geology.   PaJeosoic  era.    Geology  of  WieconBin,  sorvey  of  1873-1879, 
▼ol.  1,1889,  pp.  122-124. 
>BeporU  on  the  Geological  Surrey  of  the  Stato  of  Miaeoori.  18i&-1871,  1873,  p.  127. 
*0p.  Glt.p.  148. 
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In  Madison,  St.  Francois,  and  Iron  Counties,  Prof.  G.  G.  Broadhead 
foand  beneath  the  third  magnesian  limestone  the  following  downirard 
succession : 

(3)  Siliceous  or  gritstone  bed,  with  intercalated  maguesian  liID^ 

stone. 
(2)  Marble  beds. 

(1)  Sandstones,  conglomerates,  and  shales. 
In  No.  3  Lingulella  lamborni  Meek  has  been  found.  The  marble 
beds  or  No.  2  appear  to  be  confined  to  the  southwest  quarter  of  Madison 
and  the  central  and  northern  parts  of  Iron  and  extend  into  ReyuoMj 
County.  The  greatest  thickness  is  not  over  30  feet,  and  they  are  doc 
always  present. 

No.  1 18  confined  cbiefly  to  the  northern  part  uf  Iron  and  MadisoD,  extending  toSr. 
Francois.  The  entire  thickness  of  this  ^  well  as  the  regular  order  of  its  variosi 
beds  is  rather  diOicuIt  to  arrive  at.  ISut  we  find  both  in  Iron  aud  Madi«ou  CooniM 
coarse  conglomerates  resting  on  granite  and  porphyry.  We  also  tiud  ^amlstonM. 
which  are  sometimes  very  coarse,  aud  at  uther  times  tine  grained,  resting  on  coa- 
glomerates.  We  also  And  shale  or  Mate  bed^  re])0siiig  un  granite  and  underlying  ^inJ- 
stone.  Similar  shale  beds  are  also  intercalated  with  the  sandstone.  In  the  nd^ib- 
borhoo<l  of  Mine  La  Motte  this  sandstone  reaches  to  over  ICM)  feet  in  tbiokneft*.  sLd 
is  also  fonnd  to  be  the  lowest  rnck  directly  resting  on  the  granite.  Burings  with 
diamond  drill  on  the  Mine  La  Motte  property  indicate  inagncbiau  limcatone,  with  eume 
siliceous  beds,  ^fO  feet ;  sandHtoue,  C3  feet :  granite. 

On  St.  Francois  Kiver,  in  Madison  County,  these  lower  sandstones  rest  directly  va 
the  granite  and  are  nualtercd;  on  Twelve-Mile  Creek,  Madison  Connty,  the  marble 
beds  and  sandstones  rest  unaltered  on  the  por]diyry,  and  on  Big  Cre«'k.  Irt>n  Countj, 
heavy  beds  of  nnaltered  magnesian  Itineistuuc  rest  directly  on  the  porphyry.' 

At  the  deep  well  of  the  St.  Loiii-s  County  insane  asylum,  beneath  tLe 
third  magnesian  limestone,  the  drill  pu.s:«ed  through,  going  down— 
98  feet  of  thinl  samlstoiif . 

384  feet  of  fourth  ma«;nesian  limestone. 
64  feet  of  Potsdam  .sandstone. 

At  the  base  of  the  sandstone  it  entered  what  was  supposed  to  he 
granite,  although  the  line  of  deniarkution  between  the  sandstoue  and 
the  granite  was  not  well  defined.' 

In  the  descriptive  geology  of  ^ladison  County  Prof.  Broadhead  states 
that  the  sedimentary  rocks  were  deposited  across  the  valleys  between 
the  mountains  aud  the  hills  (that  is,  of  the  old  pre-Cambrian  land  sur- 
face).   The  order  of  deposition,  commencing  at  the  oldest,  is — 

(1)  Sandstones,  conglomerates,  and  shales. 

(2)  Marble  beds. 

(3)  Grit-stone  beds  and  rough  btnls  of  magnesian  limestone. 
Above  this  comes  the  magnesian  limestone  referred  to  the  Calciferons. 
In  the  vicinity  of  Fredcricktown  there  is  a  series  of  grits  between  the 

grit-stone  beds  and  the  superjacent  magnesian  limestone  in  which  Lin- 
gulella lamborni  has  been  found.    It  is  stated  that  in  the  lower  portion 

1  Geolofrical  Survey  MiAsouri,  including  field  work  of  1873-1871,  vol.  1, 1874,  pp.  31, 31 
*Op.cit.,  p.  32. 
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of  the  magnesian  limestone  JAngula  lamhomij  Orthoceras,  a  tarbinated 
Gasteropoda  and  a  coral,  resembling  in  cross-section  a  Zaphrentis,  were 
observed.  He  states  that  probably  this  magnesian  limestone  can  also 
be  included  in  the  Potsdam  zone.^  This  includes  all  the  limestones  up 
to  the  base  of  the  recognized  third  magnesian  limestone. 

A  more  detailed  account  of  this  lower  marble  belt  is  given  by  the 
same  writer  in  a  description  of  the  marbles  of  southeastern  Missouri. 
The  most  typical  section  is  that  of  the  northern  part  of  Madison  County, 
which  is  summed  up  as  follows : 

(1)  Magnesian  limostone. 

(2)  Eighteen  feet  of  thick  beds  of  siliceous  dolomite  and  thin  shaly  limestone, 

with  Lingula  lambomi, 

(3)  Twenty-three  feet  of  gritty  dolomite. 

(4)  Five  to  thirty  feet  of  marble. 

(5)  Five  to  forty  feet  (as  much  as  90  feet  near  Mine  La  Motte)  of  sandstone. 

(6)  A  few  feet  of  slaty  sandstone  resting  on  granite. 

The  presence  of  Linguist  lamb<>mi  In  beds  a  little  above  the  marble  will  certainly 
assign  the  marble  beds  to  the  Potsdam  group.* 

EASTERN  BOBDEB  OB  ADIBONDACK  SUB-PBOVINCB  AND  ITS  CANADIAN  EXTEN- 
SION. 

The  geographic  distribution  of  the  Potsdam  terrane  about  the  Adi- 
roudacks  is  delineated  on  the  geological  map  of  New  York  accompany- 
ing the  final  report  in  1842,  and  that  of  the  Canadian  extension  on  the 
small  map  accompanying  the  18C3  report  of  Sir  W.  E.  Logan  and  the 
large  map  of  Messrs.  Logan  and  Hall,  published  in  1866.^ 

On  the  western  side  of  the  Adirondacks  the  outcropping  df  the  sand- 
stone is  first  seen  in  the  northern  part  of  Lewis  County,  where  it  rests 
unconforniably  upon  the  subjacent  Archean  -rocks  and  passes  above 
into  the  calc^ireous  layers  of  the  Calciferous  formation.  The  outcrop 
broadens* to  the  north  in  Jefferson  and  St.  Lawrence  Counties  and 
extends  around  the  northern  side  of  the  Adirondack  area  through 
Franklin  and  Clinton  Counties  to  Lake  Champlain.  The  exposures  on 
the  eastern  side  are  more  or  less  interrupted,  and  rarely  occur  upon  the 
eastern  side  of  the  lake  in  Vermont,  except  in  Addison  and  Rutland 
Counties.  On  the  southwestern  side  outcrops  occur  in  Washington, 
Warren,  and  Saratoga  Counties. 

The  Franklin  and  Clinton  County  area  extends  across  the  boundary 
into  Canada,  forming  quite  an  extended  exposure  within  the  triangle 
formed  by  the  St.  Lawrence  and  the  St.  John's  Rivers  and  the  bound- 
ary, and  at  one  point  it  crosses  to  the  north  of  the  St.  Lawrence  River. 
From  St.  Lawrence  County  the  sandstone  crosses  the  river  and  extends 

along  the  western  side  of  the  Ottawa  Basin. 

-  -^  ■  —      ■  ~~~       ■  ^^"~^^^^^""~" 

1  Geological  Snrvoy  MisAOiiri,  incliuliDR  field  work  uf  187»-1874,  vol.  1, 1874,  jip.  357, 358. 
*Mjirbld  of  SouthoMt  Mirisonri.    Kanaaa  City  li<iviow,  vol.  5, 1882,  pp.  525, 526. 
"Ooological  map  of  Canada  and  part  of  iLo  United  Statua  from  Hudson's  Bay  to  Virginia  and  from 
the  Missouri  Rl^er  to  Newfoundland.    Montreal,  I860. 
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Tlie  typical  sections  are  those  of  Potsdam,  in  St  Lawrence  County: 
I  (Miatoau(;:ay  Cliasiu,  in  Franklin  Gonnty;  Au  Sable  Chasm,  in  Essex 

I  i  'ounty,  and  Greenfield,  in  Saratoga  Gonnty,  in  the  State  of  New  Tork, 

and  lleniniingford,  in  Ganada. 
I  Section  at  rotsdam.— At  the  type  locality  of  the  terrane  at  Potsdam, 

\  in  St.  Lawrence  Gonnty,  there  are  bnt  60  or  70  feet  of  the  rock  exposed. 

I  It  occurs  in  layers  from  an  inch  or  two  in  thickness  np  to  2  feet,  and 

1  the  general  color  of  the  mass  is  yellowish  brown  to  reddish  brown,  par- 

ticularly the  latter  color  in  the  thicker  layers, 
f  Section  at  Chateaugay  Chmnu — At  Ghateaugay  Chasm,  Franklin 

Gounty,  one  of  the  best  sections  of  the  formation  upon  the  northern 
slopes  of  the  Adirondiicks  is  exposed.  I  studied  it  in  1888  and  found 
that  5  miles  south  of  the  Ogdensburg  and  Lake  Champlain  Railway 
the  prc-Ganibrian  rocks  are  to  be  seen  on  the  hills  west  of  the  rirer  and 
in  a  few  small  outcrops  about  one-half -a  mile  to  the  north.  It  is  a 
bedded,  reddish  gueissoid  and  hornblendic  rock,  probably  of  Algonkian 
age.  Nearly  one  mile  south  of  these  outcrops  the  Potsdam  sandstone 
appears  in  the  bed  of  the  river,  with  a  northwest  dip  of  abont  3^.  The 
exposures  increase  rai)idly  in  thickness,  and  bluffs  from  50  to  75  feet 
in  height,  formed  of  evenly- bedded  layers,  rise  above  the  water.  The 
river  has  worn  a  canon  through  these  beds  for  three-quarters  of  a  mile 
down  tu  a  mill  and  pond,  where  the  clifls  break  away,  and  the  strata, 
losing  their  dip,  continue  to  the  south,  in  nearly  horizontal  beds,  to  the 
erossin«;  of  the  railroad  i^mbankment. 

The  fall  in  the  river  bed  is  rapid,  and  at  the  High  Falls  of  the  Cba- 
tf'augay  Chasm  a  blulVol'  125  feet  rises  from  the  foot  of  the  fall.  The 
low4»r  '6T>  feet  of  the  section  is  formed  of  coarse  reddish  and  gray  sand- 
stone in  massive  layers.  At  the  Narrows,  three-fourths  of  a  mile  far- 
ther down  the  stream,  the  lower  beds  are  75  feet  in  thickness  and  pass 
into  massive  bedded  grayish  and  butl'-colored  sandstones  that  breakup 
into  thinner  layers  on  exposure  to  the  action  of  the  weather.  Many  of 
the  massive*  beds  are  made  up  of  irregular  cross-bedded  layers:  this  is 
best  seen  about  a  mile  below  the  falls.  The  strata  below  assume  a  south- 
westerly dipof  2"  to3\  which  carries  the  entire  sandstone  formation  be- 
neath a  hard  li^htgriiy  sandstone  a  little  north  of  themouthof  thechiisni. 
One  hundred  an<l  hfty  feet  of  sandstone,  not  included  in  the  section 
above  the  railroad  embankment,  is  exposed  in  the  chasm  and  25 
feet  of  the  upper  beds  occur  below  the  mouth  of  the  chasm.  This  give;s 
a  total  thickness  of  250  feet  of  sandstone  as  the  known  thickness  of 
the  Cliateaugay  section.  To  this  there  is  to  be  added  an  unknown 
amount  \\X  tlie  base  and  25  feet  of  passage  beds  between  the  upper  sand- 
stone and  (^alciferous  snndrock,  to  be  seen  just  above  the  entrance  of 
Marble  Kiver  into  the  Chateaugay. 
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SECTION. 

(From  the  base  upward.) 

Feet. 

(1)  CoaTM  Handstone  with  oooaaional  I  ay  on  of  conglomerate  near  the  base 75 

Color  reddish  brown  near  the  base,  baff,  gray,  and  bufT  and  gray,  spotted 
with  grains  of  reddish  brown  saud.  Texture  compact  and  hard,  with 
bands  of  a  soft  friable  nature. 

(2)  Massive  bedded,  grayish  and  buff,  rather  coarse  sandstone,  many  of  the  lay- 

ers cross-bedded  150 

(3)  Compacti  fine-grained  white  sandstone,  some  of  the  layers  of  which  are  dis- 

colored and  broken  by  small  reddish  brown  cavitiCH.  LinguJepis  acuminata 
occurs  in  the  upper  portion,  and  10  feet  higher  up  OphUeta  compacta, 
Dikelocephdlua  Bji.lyPtychaspia  sp.  ? 25 

The  stratigrapbic  exposures  are  not  coDtiuuoiis,  the  section  being 
broken  in  places  by  concealment  under  the  drift.  Nos.  1  and  2  are 
fairly  well  connected  by  lithologic  features  and  No.  3  rests  on  typical 
strata  of  No.  2,  only  a  short  distance  intervening  between  tlie  outcrops. 
No.  3  is  well  sliown  on  Marble  River  one  mile  southenst  of  the  Oba- 
teaugay  Chasm,  and  the  Galciferous  sandrock  is  shown  a  little  farther 
down  the  stream.  The  species  found  in  the  upper  part  of  No.  3  are 
identical  with  those  found  in  the  limestones  of  the  Upper  Cambrian  in 
Saratoga  County,  New  York  and  fully  prove  that  the  fauna  of  the 
Potsdam  sandstone  is  the  same  as  that  of  the  St.  Croix  sandstones  of 
Wisconsin. 

Section  in  Hemmingford, — To  the  northeast  of  Cbateangay,  across 
the  boundary,  in  Hemmiugford,  Canada,  a  section  of  the  sandstone 
according  to  Sir  W.  E.  Logan,  is  540  feet  in  thickness.  On  tlie  south 
side  of  Hemmiugford  Mountain  about  180  feet  of  a  coarse  gray 
sandstone  are  visible,  in  some  parts  constituting  a  conglomerate,  with 
rounded  pebbles  of  white  quartz,  varying  in  diameter  from  an  eighth 
to  three-quarters  of  an  inch,  while  in  sonu?  parts  of  the  rock  there  are 
thinly  disseminated  flat  pieces  of  black  or  green  shale  1  or  2  inches 
in  diameter  by  an  eighth  of  an  inch  thi(;k.  The  general  color  of  the 
rock  is  gray,  but  greenish  and  reddish  beds  occur,  and  the  three  col- 
ors sometimes  follow  one  anotlier  in  thin  stripes  with  various  alterna- 
tions. Above  the  strata  of  the  ravine  the  hill  contains  about  120  feet 
of  gray  sandstone,  the  lower  half  of  which  is  rather  coarse  grained,  and 
below  the  same  strata  240  feet.  Neither  the  base  nor  the  summit  of 
the  sandstone  was  observed.^  Farther  to  the  north  along  the  shore  of 
the  St.  Lawrence  occur  the  celebrated  fossil  track  localities  described 
by  Logan. 

Section  at  Kecseville  and  in  Au  Sable  Chasm. — About  one-quarter  of  a 
mile  above  the  village  of  Keeseville,  on  the  Au  Sable  lliver,  a  rounded 
boss  of  granite  shows  on  the  south  bank.  Nearly  400  feet  lower  down 
the  stream,  on  the  opposite  side,  an  evenly  bedded  and  cross-bedded 

>  Geological  Surrey  of  Canada :  Buport  of  Progross  firom  iU  comuieucoiuent  to  18C3.    Mod  treal,  1863 , 
p.  88. 
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compact  gray  sandstono  occurs,  lying  in  nearly  horizontal  beds.     Lower 
fc  down  tliey  dip  3^  to  5^  to  tlie  northeast.    This  dip  increases  to  7^  to 

[  8^  <at  the  iron  bridge.    Following  across  the  strike  down  the  stream  to 

\  where  the  beds  are  horizontal,  above  the  entrance  to  the  Chasm,  the 

measured  section  shows  333  feet  in  thickness  from  near  the  granite  to 

tlie  highest  beds  observed. 
Tlie  section  as  measured  from  the  mouth  of  the  Aa  Sable  Chasm  to 
I  the  summit  beds  above  the  fault  is  as  follows: 

1 

{  SECTION. 

I  IVfL 

t  (1)  Compact,  fine-frraincd,  Rtoel-p^ray,  buff,  and  light  gray  sandstono,  in  layers 

\  from  (>  inclieH  to  5  fpi»t  in  tliickncfw  {"20  laycrn) 4r» 

Strike  N.  30-'  E.     Dip.  5^'  K. 

(2)  MasHivo  layers,  light  gray,  tinc-graiiied  Handntono,  very  hard,  breaking  np 
into  thin  layers,  ^  to  :5  incluvs  thick 6 

(3)  Compact,  gray  sandstone  in  tliree  layers;  1  foot  5  inches,  1  foot  6  inches,  2 
feet  1  inch 5 

(4)  Light  gray  and  hn^' sandstone,  throe  layers 4*t'i 

(r»)  Light  gray  comi>act  sandstone,  with  lAngulcph  acuminata,  Conrad I 

Strike  N.  3lP  K.    Dip  o-'  E.,  at  foot,  of  rapids. 

(G)  Light  gray,   fine-grained,  eoiiipaet  sandstone,  in  layers  varying  from  6 

inches  to  18  inehes  in  thickness 6 

(7)  Of  the  same  general  cliaraetiT  as  0,  in  massive  layers,  hreaking  up  into  thin 
layers  on  exposure.  Occahional  layers  contain  many  small,  llat  concre- 
tions of  clny  .shale  and  also  fragments  of  Lingulepis.  At  34  feet  from 
the  hase  HyolithtH  jtrimordialifi  /  and  LintjtiUpitt  avuminata  occur  near  the 
hoat-landing  in  the  Cha^tini.  Thirty-fivo  U'i*t  higher  up  in  the  same  light 
gray  oompact  sandstoni'  A.  a n tiqua  iKcnra  in  association  with  Ptychoparla 
minnta 117 

At  this  lino  a  fault  br(»aks  the  secttion  with  a  downthrow  to  the  north- 
east. The  river  and  Chnsni  follow  the  fault  from  the  Elbow  to  tbe 
Devil's  Oven,  where  the  section  is  taken  Up  agiiin. 

(1)  Massive  layers  of  light  gray,  hard,  c«)ni]»aet  sandstono.    Pn.)f  K.  P.Whitfield 

found  at  this  lii»ri/(»n  I*uhifunimii  tjniica,  Ptt/vhojmria  miiiuta IW 

(\t)  Kvi-nly  l)e<lde<l  gra\,  iMift",  and  yi-llowish  sautUtone,  hard,  compact  and  in 

laviM-s  1  to  1  feet  in  thickness H'O 

(3)  Thinner  lu'dded  gray  ami  hull"  sandstoni*,  with  Protiehnites  tracks  ahove  the 

mill -dam  and  abovi*  tbi»  Inidi^e  at  ilirmingham 45 

Strike  MO.  ;  dii» ."»  "  SK. 

Jiipple  marks  an*  very  numerouh  and  Liufiulepis  acuminata  isahniidant  15  fei*t 

ahove  tlie  Prnticlinites  ImmI,  and  extcn«ls  about  2')  f<M?t  to  the  top  of  the  seetiou. 

Some  of  the  layers  are  a  litth'  ealcare(nis  and  full  of  annelid  trails  and  horin*;ii. 

Estimating  the  amount  of  repetition  of  strata  in  the  two  sectious 
there  remains  a  h)wer  series  01*210  feet,  and  an  upper  of  140  fe«'t,  or  a 
total  thitdcness  of  tTH)  feet  with  the  summit  and  b;ise  of  the  formation 
unseen. 

Scctioji  at  WhifelmU. — There  is  a  fine  seetion  exposed  at'  Whitehall. 
New  York,  that  .serves  to  eorrehitt*  the  section.s  of  Chateauoray  and 
An  Sable  ( liasm.  At  tlie  former  the  upper  fauna  is  present  and  at 
Au  Sable  ChaHui  the  rtyvhoparia  minnta  subfauua.    At  Whitehall  the 
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apper  faana  occare  in  the  npi)er  portion  of  No.  17  of  the  following  sec- 
tion and  the  lower  in  the  lower  part  of  No.  15.    This  is  tlie  relative 
position  of  the  same  snbfannas  in  the  Wisconsin  section. 
Section  beginning  below  lower  lock  of  canal  at  Whitehall : 

Ft  In. 

(1)  MaBsive  bedded,  oompaoti  dark  steel  gray  sandstone,  almost  a  qnartzite.  25  0 

(2)  Dark  clay  shale 0  0 

(3)  Bin ish  gray,  brecciated  limestone 0  i\ 

(4)  Fine  grained,  compact,  steel  gray  limestone 1  0 

(5)  Compact,  arenaceous  limestone 3  0 

(G)  Compact,  fine  grained,  steel  gray  sandstone  in  layers  of  6  inches  to  3  feet. 

Partings  of  coarser  sandstone  and  small,  liatteiied  day  concretions 
occur,  also  streaks  of  light-colored  sandstone  in  the  layers,  and  cross- 
bedding  is  of  common  occurrence 14    5 

Annelid  trails  on  the  snrfaco  of  the  layers. 
Strike  N.  20°  E. ;  dip  6°  to  8°  E. 

(  7)  Calciferous  sandstone  in  one  layer 2    7 

(8)  Fine  grained,  compact,  steel  gray  sandstone 20    0 

(  9)  Thin  bedded  sandstone  and  clay  shale 1    3 

(10)  Compact,  gray  and  purplish,  tiuo  grained  sandfttono,  strouked  with  dark 

sandstone  and  shaly  matter ;  slightly  calcareous  in  places ..     16    6 

(11)  Dark  gray  calciferous  layers,  weathering  to  a  reddish  brown  sandstone..      2    0 

Annelid  trails  and  boriugs. 

(12)  Gray,  compact  sandstone 1    3 

(13)  Dark  gray,  calciferous  layers,  weathering  to  a  reddish  brown  sandstone.      1    4 

Annelid  trails  and  borings. 

(14)  Hard,  compact,  gray  sandstone,  in  evenly  bedded  layers  6  inches  to  3  feet 

in  thickness  of  the  division  of  the  typical  Potsdam  sandstone.  Sum- 
mit near  crossing  of  private  roadway r>9    8 

(15)  Sandstones  similar  to  14,  but  with  few  alternating  calcareous  layers;  the 

calcareous  matter  dccompOHiug  <ind  leaving  Htreakb  of  reddisli  and 
brown  rocks  in  the  layers 113    0 

Ripple  marks  occur  on  the  surface  of  many  layci-s  and  annelid 
trails  on  the  calcareous  strata.  About  30  feet  up  found  JUiUvacma'a 
iypicat  II.  and  W. 

Strike  25^  E.;  dip  10^  E. 

The  light  gray  compact  liniostouo,  with  the  little  flattened  concre- 
tions of  cla}'  and  the  cross-bedding,  give  this  portion  of  the  sertioii  a 
striking  resemblance  t-o  that  of  the  upper  ir>0  feet  of  the  Keeocville 
section. 
(10)  Lead  colored  calciferous  sandstone,  woatlieriiig  rough 0    r» 

(17)  Alternating,  gray,  compact,  fine  grainod   sandstone,  reddish  coarse  sand- 

st>one  and  finer  calearoous  sandy  layers.  LimjHlciiis  acuminata  and 
Ptyohoparia  sp  ?  occur  in  the  upper  layers,  about  40  foet  up 70    0 

33-2    5 
Calcifi'i'ous. 

(18)  Calciferous  sandstone  with  a  massive  bedded  light  gray  compact  sand- 

stone; at  top  10  feet  thick 40 

The  upper  30  feet  of  17  and  all  of  18  may  be  considered  as  the  pass- 
age beds  to  the  calciferous  sandstone  above. 

(1 )  Lead  colored,  niassi  ve  bedded,  calc i ferous  sandstone 230 

(2)  Lead  colored,  brecciate<l  limest-one  overlain  by  a  compact  light  gray  lime- 

stone      20 
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ISi'ction  at  Saratoga. — ^The  section,  as  determined  north  and  west  of 

i  Saratoga  Springs,  and  north  as  far  as  Corinth,  2^ew  York,  has,  at  the 

•  base,  about  200  feet  of  evenly  bedded,  com])act,  grayish  to  yellowish 

I  colored  sandstone,  tliat  rests  unconforniably  against  or  upon  spurs  or 

I  ridges  of  pre-Canibrian  gneiss.     Including  the  upper  beds  of  sand- 

\  stone,  the  section  3  miles  north  of  Saratoga  village  gives  in  ascending 

\  order : 

1  Feet. 

I                            (1)  Sandstone 40 

\                             (2)  Oolitic  limestone 'JO 

J                             (3)  Dark  ^niy,  evenly  bcdde<l  limestone 50 

\  (4)  irnfoBsiliferous,  impure,  compact,  more  or  less  Kiliceoiis  lime- 

[                                    stone 95 

f  (5)  Massive-bedded,  slightly  niagnesian,  gray  and  dove  colored 

f  limestones  with  nnmcroiis  small,  uairow-chambercd  cephal- 

opods  near  tbe  summit 35 

(6)  Massive  layers  of  steel-gray,  more  or  less  arenaceous  lime- 
stone    1*25 

(7;  nirdVeyo  limestone G 

(8)  niack  Hiver  limestone 4 

(0)  Trent4.in  limestime 40 

Tbe  limestone  (12,3)  capping  tbe  sandstone  (1)  of  the  section  is  also  found  at 
Wbiteball  and  at  Comstock's  Laudingi  Washington  County,  New  York,  wbere  it  has 
been,  as  was  tbe  limestone  (2,3),  referred  to  the  Calciferous.  Tbe  limestone  2  and  3 
appears  to  have  been,  on  the  southwestern  side  of  the  Adirondack  Mountains,  tbe 
closing  deposit  of  tbe  Cambrian;  and  there  is  but  little  doubt  that  if  we  could  find 
a  fauna  in  thelimeMtone  (4)  of  the  section  it  would  serve  to  connect  the  Cainbriau 
and  Lower  Silurian  (Ordovician)  faunas.' 

Tlie  following  fauna  was  found  in  No.  3  of  the  section  : 

Crypto/.oa  x^i'^'Ii^^^^ii^"*  nillingsia  Siiratogensis. 

IJngiilopis  acuminata.  Mattlievia  variabilis. 

Plat. V ('eras  ininiiiissimum.  Dikebict'phalus  hartti. 

hoyti.  speciosus. 

Metoptoma  coniutiforme.  Ttychoparia  cak-ifera. 

Himitlex.  (A.)  saratogensis. 

Tlic  comparison  of  the*  Cliatoangay  Cbasm  section  with  that  of  Sara- 
tot^a  County  jnovos  very  clearly  by  the  included  faunas  that  the  Pots- 
dam epoch  closed  on  the  south  side  of  the  Adirondacks  with  a  deposit 
of  limestone  carrying  the  Dikelocophalus  iauna.  It  is  found  in  tbe 
upper  beds  of  the  quartzite  on  Marlde  lliver  in  the  tow*nship  of  Cha- 
teaugay,  and  in  each  section  the  Calciferous  formation  is  superjacent  to 
the  closing  epoch  of  the  Totsilam. 

The  greatest  depth  reached  in  the  foimation  is  that  of  the  section  of 
Ilemmingford  Mountain.  Unfortunately  this  section  has  not  been 
studied  so  as  to  determine  whether  there  is  any  fauna  present  in  the 
sandstones.  The  section  at  Au  JSable  Chasm,  however,  shows  that  a  sec- 
ond horizon  of  the  Upper  Cambrian  fauna  occurs  about  the  Adiron- 
dacks. This  IS  the  zone  of  Ptyvhoparia  minuta^  corresponding  to  the 
zone  {){' l^ijichoparia  minor  of  the  Wisconsin  section. 

■  S<M  iind  (-(iiitriliutiou  to  the  Htudiott  of  tbe  Cambrian  faunas  of  North  America.    U.  S.  Qool.  Sarre/ 
iJuli.  Nu.  30,  1&8C.P.  22. 
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The  presence  of  the  Potsdam  terrane  on  the  sonth  side  of  the  Adi- 
rondacks,  along  the  valley  of  the  Mohawk,  has  not  been  positively 
proved.  At  Little  Falls  a  thin  layer  of  sandstone,  resting  unconform- 
ably  npon  the  pre-Paleozoic  rocks  and  beneath  the  Oalciferous  saudrock, 
has  been  referred  to  the  Potsdam.  The  discovery  by  Profs.  Shaler  and 
Williams  of  a  thin  layer  of  shale,  resting  upon  this  layer  of  sandstone, 
on  the  north  side  of  the  river  at  Little  Falls,  in  which  specimens  of 
Lingulepis  acuminata  occur,  lends  more  authority  for  the  statement  that 
the  Potsdam  is  present;  but  as  the  species  Lingulepis acuminatarskuf^es 
up  into  the  Galciferons  saudrock,  both  at  Whitehall,  New  York,  and 
on  the  north  side  of  the  Adirondack  Mountains  in  St.  Lawrence  County, 
it  is  doubtful  if  we  can  claim  the  presence  of  the  Potsdam  at  any  point 
in  the  Mohawk  Valley.  There  is  not,  however,  any  definite  rojison  why 
a  thin  bed  of  it,  with  the  typical  Potsdam  fauna,  should  not  bo  found 
beneath  the  Galciferous,  if  it  is  not  concealed  by  the  overlap  of  the 
superjacent  Galciferons  and  Trenton  terranes. 

The  sediments  of  the  Adirondack  sub- Province  and  its  Canadian  ex- 
tension, with  a  single  exception,  were  accumulated  in  a  shallow  sea  not 
far  removed  from  the  shore-line.  Bipple-marked  sandstones  and  trails 
of  marine  invertebrates  occur.  The  sandstone  is  relatively  fine-grained 
with  the  exception  of  a  small  deposit  of  conglomerate  in  St.  Lawrence 
County,  New  York.  The  formation  belongs  to  the  Upper  Cambrian, 
and  overlaps  upon  the  sloping  shores  of  the  pre-Cambrian  land.  The 
one  exception  to  the  arenaceous  deposit  are  the  limestones  in  Saratoga 
County,  New  York,  which  were  deposited  on  sandstone  and  overlap  on 
to  the  pre-Cambrian  rocks.  The  fauna  of  the  limestone  is  the  same  as 
that  of  the  quartzite  at  Marble  Eiver,  near  Chateaugay  Chasm,  on  the 
northern  side  of  the  Adirondacks. 

WESTERN  BORDER  OR  ROOKY  MOUNTAIN  SUB  rJlOVINCB. 

This  includes  the  Cambrian  rocks  of  South  Dakota,  southern  central 
Montana,  central  and  northwestern  Wyoming,  and  Colorado. 

SOUTH  ]>AKOTA. 

The  chief  summary  of  our  knowledge  of  the  Cambrian  rocks  of  the 
Black  Hills  of  Dakota  is  taken  from  the  reports  of  Messrs.  Newton  and 
Carpenter.  The  sandstone  identified  as  the  "  Potsdam '^  is  the  lowest 
member  of  the  fossiliferous  series,  and  in  numerous  and  excellent  ex- 
posures its  character  and  rehitions  are  easily  determined  and  studied. 
It  everywhere  rests  unconformably  upon  the  upturned  edges  of  the  un- 
derlying Algonkian  slates  and  schists,  tilling  up  irregularities  in  their 
surfiices,  and  its  basal  member  is  generally  formed  of  coarse  materials 
derived  from  the  erosion  of  the  subjacent  rocks.  Consisting  nniinly  of 
coarse  and  friable  sandstones,  with  conglomerates  easily  eroded,  it 
covers  superficially  very  limited  areas. 

By  a  reference  to  the  geological  map  accompanying  the  report  of  Mr. 
Henry  Newton  the  exposures  of  the  '<  Potsdam  "  sandstone  will  be  seen 


r 
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to  form  a  very  narrow  band  surrounding  the  ^^Arcliean"  area.  Thoagh 
»  essentially  a  sandstone  formation  it  has  some  variety  of  oonipositioo. 

'?  Usually  it  carries  a  conglomerate  at  the  base,  but  this  is  sometimes  ex- 

*  changed  for  a  dense  quartzite,  and  in  many  places  there  are  iuterstrati- 

i  fiGil  beds  of  quartzite.    In  a  few  localities  the  formation  is  quite  calca- 

i  reons  and  in  a  great  number  it  contains  peculiar  greensand  deiKMits. 

I  Its  thickness  is  quite  uniform,  ranging  generally  from  200  to  250  feet, 

i  but  attaining  to  300  feet  on  the  north  branch  of  Bed  water  Greek.   Gom- 

j  plete  sections  from  the  ''Archean  "  to  the  Carboniferous  are  rarely  met 

I  with,  but  one  measured  in  the  eastern  caiion  of  Spring  Creek  by  Mr. 

Jenuey  is  as  follows :  ^ 

Archean. 

I  Ftei. 

I  (1)  Argillaceous  slates,  dipping  60^  west 


^ 


i 


Poiadam, 

(2)  HrowDisb  yollow  conglomerate,  with  quartz  pebbles,  resting  nnconformablj 

on  1  and  dipping  25^  nortbcaat ^ 

(*.t)  Roddittb  brown  Handstouc,  tliinly  bedded  at  basf)  and  alteruating  with  soft, 
slialy  sandstonos,  containing  lurge  fucoids,  Lingulepis,  and  fragments  of 
trilobitcs *Xl 

Carboniferous, 

(4)  Koddisb  brown,  or  pinkish  calcareous  sandstone,  thinly  bedded,  contftiDing 

Spirifera  cameraiaf  cyathopbylloid  corals,  and  criuoid  coluiuus. 20 

(5)  Limestone :  Spiriftra  cameraia,  Productus,  etc XJTi 

Many  details  are  given  of  the  local  phenomena  presented  by  the  setli- 
nientati(»n  an<l  ino<le  of  occurrence  of  this  formation;  extended  com- 
parisons arc  made  between  it  and  tlu^  correlated  sandstones  about  the 
IVi^  Horn  and  Wind  Jviver  Mountains  of  Wyoming,  the  sandstones  of 
the  Mississi[»pi  Valley,  and  the  typical  Potsdam  sandstone  about  the 
Adiroiida(!ks  of  New  York. 

The  foIh)wint>;  is  a  list  of  the  fossils  found  in  the  sandstone  and 
identified  or  <lescribed  bv  Prof.  11,  P.  Whitfield  r^ 

P:i]ii'oe]ionln  ]>riitia.  I^ingnlcpis  dakoteotis. 

ralii'oph.vcus  oceideiitalis.  Obolnsf  pectenoides. 

]'ul.io)>h\cus.  Obolella  polita. 
Soolithiis.  nana. 

Lin<;iili-i)i(!i  pinnaforniiB.  Crepicephalns  centralis. 

cunpoluB.  planus. 

perattennatns. 

Prof.  F.  li.  Carpenter  describes  the  *'  Potsdam"  in  the  Blaok  Hills  as 
follows : 

Thi^  [iresent  site  of  the  iii)liri  ixistod  as  a  slowly  sinking  island  in  the  Potsdam 
ocean,  probably  the  la.st  snrviviii<r  land  of  a  vivst  area  eroded  and  snbmerji^od  by 

'Noutoii.  Ilfiiix  :  Gcolnuy.     I>piiri  on  tlio  ]U;u'k  UilU  of  Dakota.     U. S. Geoc- Slid  GeoL  Survey 

of  tho  liiu  U_\  Moimtaiii  rfgiou,  J.  W.  Powell  in  chariie,  ISiJO.  d.88. 
M)|...it..p.  1U7.  *^ 
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the  advanoing  waten.  The  baae  of  the  PotBdam  entirely  aroand  ita  oatcrop  ia 
a  congloinerate.  The  ocean  advanced  upon  the  laud  with  an  aotiou  that  has  been 
aptly  termed  that  of  a  horizontal  saw.  The  cliffs  wore  undermined  by  its  action, 
the  debris  thus  formed  worn  to  bowlders,  to  gravel,  and  to  sand.  As  the  shore-line 
advanced  and  a  given  point  became  farther  from  land,  it  received  finer  and  fiuer  sedi- 
ments, until  sedimentation,  in  this  area  at  least,  entirely  ceased.^ 

He  calls  attention  to  the  fact  that  the  sandstone  thins  out  tow.irds 
the  central  portion  of  the  Black  Hills  uplift.  Near  Hariioy  Peak  the 
last  ontliers  are  about  50  feet  thick  between  the  nnconforinablo  sub- 
jacent ^^Arcbean"  rocks  and  the  undisturbed  conformable  supeijaceiit 
Carboniferous  limestone. 

WYOMING. 

There  has  been  comparatively  little  detailed  information  published 
relating  to  the  Cambrian  rocks  of  the  Big  Horn  Mouutaius.  Dr.  F.  Y. 
Hayden  visited  the  range  in  1861  and  found  the  nucleus  composed  of 
red  feldspathic  granite  and  a  series  of  stratified  Azoic  rocks,  liestinp: 
on  these  occur  the  sandstones  which  are  referred  to  the  "Potsdam." 
He  found  a  few  thin  layers  of  fine  calcareous  sandstone  filkd  with  fos- 
sils characteristic  of  the  peiiod.'  These  were  studied  by  F.  B.  Meek, 
who  identified  Conocoryphe  and  perhaps  Dikelocephalus.^ 

According  to  Prof.  T.  B.  Comstock,  the  sandstone  referred  to  the 
Potsdam  attains  a  thickness  of  about  200  feet  in  the  region  of  the  Wind 
Eiver  Mountains,  and  above  the  sandstone  on  the  eastern  side,  along 
the  central  portion  of  the  range  is  a  series  of  limestones  resting  on  the 
sandstone,  having  a  thickness  of  about  200  feet.  From  specimens  col- 
lected in  the  limestone  he  identified  a  trilobite  of  the  genus  Dikelo- 
cephalus,  several  specimens  of  what  was  supposed  to  be  Orthis  tritonia^ 
and  a  quantity  of  a  species  of  Theca.*  As  far  as  Prof.  Gomstock's  ob- 
servations extended  the  sandstone  rested  unconfonnably  upon  the  sub- 
jacent metamorphic  rocks.^  On  the  map  accompanying  the  report  the 
"  Potsdam  "  formation  is  represented  as  occurring  all  along  the  eastern 
side  of  the  Wind  River  range,  and  also  along  the  central  portion  of  the 
western  side.  The  latter  occurrence,  however,  is  denied  by  Dr.  A.  C. 
Peale.*  Dr.  Hayden  noted  in  1862  the  presence  of  a  sandstone  resting 
upon  the  vertical  edges  of  the  Azoic  chiy  slate  series  in  the  Larantie 
Mountains,  which  he  referred  to  the  age  of  the  Potsdam  sandstone, 


'Notes  on  the  ecolofry  of  the  Black  Hills,  rrclinilnary  Kep.  Dakota  School  Miucs,  on  thu  Black 
llillHofDakoU,  1688,  p.  31. 

'Uayden,  F.  V.:  Sketch  of  the  jseolof^y  of  the  country  about  the  headwaturs  of  the  Missouri  and 
Yellowstone  Rivers.    Am.  Jour.  Sci.,  2d  ser. ,  vol.  31,  1891,  p.  234. 

*Meek,  F.  B. :  Preliminary  i)ah<ontuluj{ica]  report  vrith  remarks  on  the  ages  of  the  rocks,  etc.  U. 
8.  Gcol.  Surv.  of  the  Terr..  Sixth  A.nn.  I(ep.,  1873,  p.  465. 

*  Geological  ReiK>rt.  Report  u|)Ou  the  reconnoissaiiC4!>  of  northwestern  Wyomiup;.  made  in  the  sam* 
mer  of  1873,  by  William  A.  Jones.    1874,  pp.  lOS-llU. 

•Op.  oiL,  p.  KML 

*  Report  on  the  geology  of  the  Green  River  district  U.  S.  Geol.  Surv.  of  the  Terr.,  11th  Ann.  Bop., 
1879,  p.  524 


althoagh  no  organic  remains  were  found.    In  the  vicinity  of  the  head- 
waters of  the  Niobrara  Biver  he  measured  a  section  as  follows : 

F«et 

(1)  Quartzose  sandHtono,  somo  parte  fllled  with  iMsbbles 22 

Ci)  Kcil  argillaceous  alato 5 

^:i)  SaiulHtono,  dull  reddish  fcmiKinous,  like  bed  1,  above........... J7 

(4)  A  tHTioH  of  strata  more  or  lew  inclined,  composed  of  gneiss  with  silvery  mica 
in  largo  plates,  micaceous  and  talcose  slates,  white  quartz,  etc. 

no  states  further  that  he  has  no  doubt  the  Potsdam  sandstone 
occurs  in  the  form  of  an  outcropping  belt  all  along  the  Laramie  rauge 
of  mountains,  although  he  was  unable  to  discover  any  organic  remaiu& 
I  He  correlated  it  with  the  Potsdam  on  the  evidence  afforded  by  the 

j  Black  Ilills  section  of  Dakota.    The  occurrence  of  the  sandstone  at 

t  this  horizon  is  noted  by  him  at  numerous  localities  on  the  flanks  of  the 

I  Laramie  Mountains.'    In  opposition  to  the  view  of  Dr.  Hayden  may 

be  cited  that  of  Mr.  Arnold  llague,  who  states  that  all  paleontological 
evidence  obtained  from  the  beds  associateil  with  the  qnartzite  and 
above  them  tend  to  show  that  they  belong  to  the  Goal-Measure  lime- 
stone.' 

Jn  1S71  Dr.  Ilayden  found  Obolella  and  a  Lingula  in  a  considerable 
thickness  of  PotHdani  sandstone  on  the  soutli  side  of  the  Sweetwater 
River,  near  the  southeastern  termination  of  the  Wind  Biver  Mountains, 
thus  establishing  by  paleoutologic  evidence  the  Upper  Cambrian  or 
Potsdam  age  of  the  sandstone  referred  to  that  horizon  in  1861.^ 

A  small  area  of  paleozoic  rocks  on  the  northwestern  end  of  the  Wind 
liiver  range  has,  according  to  Prof.  Orestes  St  John,  a  sandstone  at 
the  base  that  rests  on  the  Archean.  It  is  coarse  grained,  grayish,  bnfi^ 
reddish  stained,  thin  bedded,  with  oblique  laminated  layers  and  lociilly 
quartzitic.  The  greatest  exposed  thickness  of  this  bed  probably  does 
not  exceed  TiO  IVct.  its  exact  relation  to  the  underlying  Archean  rocks 
and  to  the  superjacent  strata  referred  to  the  Quebec  was  not  deter- 
mined.^ On  the  diagrammatic  section  accompanying  the  report  forma- 
tion No.  2,  or  the  Potsdam,  is  represented  as  resting  nnconformably 
upon  the  Archean  and  conformably  subjacent  to  limestones  referred  to 
the  Quebec. 

The  Cambrian  strata  of  northwestern  Wyoming  are  contained  within 
the  «listrict  of  the  Teton  range,  Gros  Ventre  range,  and  the  Buffalo 
Fork  Mountains,  all  of  which  are  reported  ui>on  by  Prof.  St.  John.  He 
quotes  Prol'.  iJratUey  in  relation  to  the  lower  qnartzite,  stating  it  to  be  a 
very  compact  ferruginous  (luartzite,  with  a  thickness  of  from  50  to  75 
feet.    Above  this  occurs  about  3(X)   feet  of  sandstone  strata  on  the 


'  nayiliii.  V.  v.:  Tin'  Priinonlial  SamlAtono  of  the  Um-ky  MoiintiiDR  In  tho  Northwestern  Tetritorii'S 
of  llic  liiHi-il  St.ifiH      Arii..?.iur.  Sii..-J»l  nrries,  vol.3:i.  1861!.  pp.  70,  71 . 

M).-.-..  njitivo  (i.  ■•L.-y.     r.  S.<irol.  K\pl.  of  Uj«?  Fortieth  Tar. ;  vol.  2.     WiMhinj^ton,  1877,  p. 76. 

-Ilrpoii  ni  K.  V.  Il.iwh-n  (Oil  till-  i;iiilo«ical  survey  of  Wyoming).  U. S. GeoL Snrv. of  the  Terr., 
41Ii  Ann.  \U]i..  IH7I.  \t.Xi. 

*Ji««iM.Tt  un  ilio  Huolo^y  of  tliu  Wind  Kivi-r  district.  V.  S.  Geol.  Suit,  of  the  Terr.,  12th  Ann.  B«?p., 
1883,  p.  2o3. 
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higher  slopes  of  the  moantainSi  aooording  to  Prof.  Bradley,  in  the  Teton 
range.  The  same  series  of  deposits  evidently  occurs  in  the  Gros  Ventre 
range,  and  in  the  Buffalo  Fork  Peak  upIifL  In  the  Gros  Ventre  range 
the  quartzites  were  seen  in  immediate  contact  with  the  uuconformable 
Archean  schists.^ 

The  superjacent  limestone,  called  the  <^  Lower  Quebec  limestone"  by 
Prof.  St  John,  occurs  in  the  Teton  range  and  the  Gros  Ventre.  But 
it  is  in  Buffalo  Fork  Peak  that  the  best  section  was  obtained.  Here 
there  is  an  exposed  thickness  of  from  50  to  75  feet  of  bluiish  and  dark 
drab,  brecciated,  thin  bedded,  rough  weathering  limestone,  above  which 
occurs  what  he  calls  the  passage  beds  to  the  <^  Upper  Quebec  limestone." 
These  beds  are  yellowish,  arenaceous,  micaceous  clay,  with  indurated 
layers  charged  with  a  small  orbiculoid  shell  and  thin  layers  of  dirty  drab 
limestone,  the  weathered  surfaces  of  which  are  crowded  with  the  frag- 
mentary remains  of  trilobites  and  other  fossils.  Among  others  there  have 
been  identified  tbe  genera  Gouocoryphe  and  Dikeloceplialus.  The 
upi)er  i>ortion  of  the  deposit  is  here  composed  of  bluish  drab  shales  and 
brownish  gray  shaly  sandstones.  It  reaches  a  probable  thickness  be- 
tween 100  and  200  feet. 

The  superjacent  limestone  called  the  "Upper  Quebec  limestone" 
shows  almost  the  same  development  in  the  Teton  and  Gros  Ventre 
ranges  and  the  Mount  Putnam  area  of  Idaho.  The  rock  consists  of 
generally  thin  bedded,  fragmentary,  sometimes  brecciated  limestones, 
color  gray,  grayish  buff,  and  piukisb,  carrying  small  sized  trilobites  and 
a  gasteropod  resembUng  Baphistoma.  In  the  Teton  range  tlie  series 
of  rocks  has  a  thickness  of  100  feet  or  more,  and  forms  mural  exposures 
on  the  canon  walls. 

A  review  of  the  reports  of  Messrs.  Bradley  and  St.  John  shows  that 
the  Upper  Cambrian  horizon  is  to  be  recognized  in  the  Teton,  Gros 
Ventre,  and  Buiialo  Peak  Mountains,  and  that  it  is  coin[)08ed  of  a  b^isal 
zone  of  varying  thickness,  upon  which  rests  a  limestone  carrying  Up- 
per Cambrian  fossils*  This  limestone  is  the  equivalent  of  the  '^  Lower 
Quebec  "  of  Prof.  St.  John's  section.  His  **  Upper  Quebec  "  is  to  be 
referred  to  the  base  of  the  Lower  Silurian  (Ordovician)  or  corres])Oud- 
ing  to  the  Calciferous  zone  of  the  New  York  section. 

COLORADO. 

The  identification  of  rocks  of  Cambrian  age  in  Colorado  has  been 
made,  with  one  exception,  upon  stratigraphic  and  lithologic  evidence. 
The  exceptional  instance  is  that  mentioned  by  Mr.  S.  F.  Emmons,  who 
found  a  distinctly  Upper  Cambrian  genus,  Dikelocephalus.  in  a  bed  of 
greenish  chloritic  shale  that  he  assumed  to  occur  above  the  main  boily 
of  the  quartzite  and  near  the  base  of  the  transition  series  that  x>assos 

'  Report  of  the  geological  field  work  of  the  Teton  dt vision.    U.  S.  Geol.  Sur.  of  the  Terr.,  11th  Ann. 
Sep.,  1870,  p.  481. 
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into  the  Silurian  limestone.^  He  describes  the  strata  in  tbe  Mosquito 
range  referred  provisionally  to  the  Cambrian  as  follows: 

The  beds  «i.ssi);iiC(l  proviaorily  to  this  horizou  •  •  •  jir©  prevailingly  of 
(]iinrtzito.  To  thciii,  thereforei  tbe  local  nnme  of  Lower  Quartzito  haa  been  given. 
There  average  tliickiieiis  is  about  150  feet  to  SiiO  feet,  of  which  the  lower  100  feet  are 

{  conipojM'd  of  litiely  and  rather  thinly  bitdded  white  saccharoidal  quart zites,  while  tba 

(  upper  itO  feet  arc  Blialy  in  character  and  more  or  less  argillaceous  and  cab-areoii*. 

\  passing  by  almost  imperceptible  transition  into  the  siliceous  limestone  of  tbe  Siloriai. 

{  format  Km  above. 

:  At  the  very  base  of  the  series,  at  the  contact  with  the  underlying  Archeau.  wherevt-r 

tbis  could  be  observed,  is  fuund  a  [icrsisteut  bed  of  tine  grained  conj^lonu-rate.  from 
a  few  inches  to  a  foot  in  thickness,  made  up  of  rounded  and  finely  polished  grains  "f 
bluish  translucent  (juartz,  generally  not  larger  than  a  pea  in  size.  Above  thi>  i.«  i 
white  quart/.ite  of  remarkably  uniform  and  persistent  character,  always  very  rt-adily 
•  distinguishable  as  a  white  band  in  the  nuniernus  sections  ottered  by  the  cafum  wnln 

of  the  range.  Its  thickness,  when  measured  on  the  west  side  of  the  range  or  near  iht 
8a watch  Ishmd,  is,  as  mentioned  above,  lUU  feet  of  purely  siliceous  beds.  On  theea»t 
side  of  the  range  the  thickness  seems  somewhat  to  diniinii^h,  and  in  places  was  fo  i\A 
to  be  only  40  feet.     •     '^     • 

Owing  to  their  similar  lithological  character  and  to  the  general  absence  of  f<ir>:l 
evidence  it  is  ditlicult  to  establish  a  hard  and  fast  line  between  this  and  the  succc<-.l- 
iug  formation  above.  In  ]iractice  the  line  has  been  drawn  at  tbe  toj)  uf  the  shjly 
bcds,  and  the  commencfmeut  of  the  beds  of  more  massive  limestone.  The  tr:iu>i:i«>n 
beds  consist  esst^ntially  of  alternating  bands  of  calcaivuus  quartzite  and  shaK-s.  Tin- 
name  sandy  limestoni's  is  often  applied  to  them  for  the  reason  that  on  weatlicr"! 
surfaces  of  the  cl 111' faces  the}'  api>cur  like  sandstoncM,  the  carbonate  of  lime  havi::^' 
been  entirely  washed  out,  and  only  the  line  quartz  grains  left  on  the  thin  surface 
crust.' 

As  already  stated,  the  only  fossil  remains  found  in  this  series  occur 
in  a  bed  of  grc^eiiish  chloritic  shales  on  the  east  think  of  Quan«liiiy  IVak. 
about  a  mile  above  the  Monte  Cristo  mine.  They  belon^r  to  the  ^eiJii> 
Dikeloeeplialus,  and  closely  resemble  JfiheloLTjthaltis  jninnesotenm  vi 
the  Pots<iam  formation  of  Wisconsin.  Tins  band  of  shales  was  unt 
found  ill  stratii^rapbic  relation  to  the  quartzite  of  the  limestone  v\  tbe 
sections  already  mentioned,  but  it  occurs  above  a  heavy  white  iiiiaru- 
ite  and  beneath  a  bed  of  white  nnirbleized  limestone;  and,  from  anal- 
ogy with  other  sections,  Mr.  Emmons  tliinks  it  safe  to  assume  that  it 
occurs  above  the  main  body  of  quartzite  and  near  the  base  of  the  Iraus- 
ition  series.^ 

For  the  purpose  of  comparison,  a  section  was  measured  by  Mr.  Whit- 
man Cross,  in  William^s  Canon,  near  Manitou  ISpriugs.  Of  this  sectiun 
Mr.  Emmons  says : 

The  purely  silirenus  beds  at  the  base  are  much  thinner  than  in  the  MoMjuitolian}:i'i 
the  greatest  thickness  fuund  being  .'»<»  feet.  Tlioy  are  succeeded  by  calcareous  sind- 
stoues  and  shales  of  variegated  colors,  red  ])revailiiig,  which  pass  up  into  \\bitL  i^r 
drab  hnietitunes,  sometimes  containing  clieri  secretidus  and  alternating  with  »liA-y 
beds,  with  an  aggregate  thicknf>8  «»f  about  'JOMfeet.  Thi'sebeds  maybe  consiiltTctl  as 
the  e<|uivaleiits  of  the  lower  ijuart/.ite  and  white  limestone  of  the  Mosipiito  Kaiiu>'>* 

M;folo;;y  an<1  iiiiiiin^  iiulutttiy  of  Lfadvillc.  Colfiradn,     1..'.  S.  (.ieul.  Sunr.,  Mouoj^rapli,  vol.  ri.1&!^ 

■  Op. cit..  i»p. W. :.».  "Op. tit., p, GO.  *0p.cil., p.Cl- 
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From  the  east  bank  of  Troat  Greek,  in  Mauitoo  Park,  Mr.  Gross  ob- 
tained fossils  from  a  reddish  brown  sandstone,  45  feet  above  the 
Archean,  among  which  an  elongate  form  of  Lingalepis^  allied  to  L»  pin- 
nafomM  of  the  Potsdam  sandstone  of  Wisconsin,  occurs.  From  the 
red  calcareous  sandstones,  alternating  with  white  limestone,  105  to  122 
feet  above  the  Archean,  the  fftuna  is  the  type  of  that  of  the  lower  por- 
tion of  the  Low^  Silnrian  (Ordovician). 

Two  sections  measured  on  Trout  Greek  by  Dr.  A*  G.  Peale  gave  the 
following  results  '^ 


1.  Grnnitio 

2.  Ye]1uw  HamlHtone 

3.  PiiikiHh  HantUtoDe 

4.  Dark,  purplish  brown  sandstoDe 

f).  Green  lUiudHtone 

<>.  Hlo(Ml-rL*(l  calcareous  sandstone. 
7.  Piuk  liuiustones 


^<  Beds  No.  6  and  7  a^re  fossiliferons  and  belong  in  all  probability  to 
the  Quebec  group,  while  the  sandstones  below  are  Potsdam."  A  list 
of  fossils  is  given  as  coming  from  No.  7  which  indicates  a  grouping  of 
Cumbrian  and  Silurian  (Ordovician)  genera  unknown  elsewhere. 

Dr.  F.  M.  Endlich's  synopsis  of  the  rocks  of  the  Potsdam  gronj)  found 
in  Colorado  sums  up  all  that  was  known  to  him  of  the  principal  local- 
ities and  the  character  and  thickness  of  the  strata.  Seven  localities 
are  mentioned,  as  follows  :* 


p 
o 

CD 

a 


Lime  Creek 

Kaf;le  River 

Foiir-niile  Creek 

Trout  ('reek 

North  of  Mount  Ouray . 
Near  Canyon  City 


^Glon  Eyrie. 


White  sandstone  and  quartzite 

White  naartzites 

Red  and  pink  sandstones  and  quartzites . . . 

Yellow  and  pink  sandstones 

White  and  pink  quartzites 

Variegated  micaceous  and  calcareous  sand- 
stones. 
Red  sandstones  and  quartzites 


Feet. 


250 
300  to  400 

\m 

80 
200 


Average  thickness  of  strata 


40 


180 


That  the  ITpi>er  Cambrian  zone  is  represented  is  fairly  well  proved 
by  the  Mosquito  Range  section  and  that  of  Trout  Greek  of  the  Colorado 
Range,  and  it  is  very  probable  that  the  sandstones  correlated  with  the 


*  Report  of  A.  C.  Peale.  M.  D.,  Geolof^iat  of  the  Soath  Park  Division.    U.  S.  GeoL  Surv.  of  the  Terr., 
7th  Anu.  Kep.,  1874.  p.  208. 

*  Ri'port  of  F.  M.  Endlich,  Geologist  of  the  White  Kivcr  Division.    U.  &  GeoL  Snrv.  of  the  Terr.,  10th 
Aim.  Kep.,  1878,  p.  130. 

Bull.  81 23 
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Potsdam  really  belong  vithiu  the  Upper  Cambrian  hmixoa.  Prom  oar 
present  knowledge  the  Upper  CambriAo  zone  is  the  onl;  portioa  of  the 
group  represented  in  Colorado. 

The  Oambrian  rocks  iacluded  within  the  States  of  Colorado,  Wyo- 
ming, Moutaiia,  and  South  Dakota areof  the  type  of  tfaooe  of  the  sontb- 
eru  Interior  Continental,  Upper  Cambrian  series,  and  consist  osuall^of 
a  bed  of  quartzite  or  conglomerate,  resting  unconformably  npon  the 
Algonkian  or  Archean,  and  passing  above  into  oalcareoos  beds  that 
frequently  carry  the  Upper  Cambrian  or  Potsdani  fanna.  This  is  the 
case  with  the  formation  about  the  Big  Horn  Mountains,  Wind  liivez 
Mountains,  and  the  Tetou  and  Gros  Ventre  ranges  of  Wyoming.  Id 
some  iuiitaiiccs,  however,  as  about  the  Black  Hills,  a  fauna  occnrs  in  the 
basal  siLiidstone  similar  in  character  to  that  of  the  St.  Croix  sandstone 
of  the  upper  Mississippi  Valley.  Traces  of  a  fauna  were  found  in  Colo- 
Tiulo,  at  Quandary  Peak,  iu  a  schistose  rock  that  is  supposed  to  occoi 
just  above  the  quartzite. 

eOUTHWESTBKK  SUfrPROTDtCB. 

The  widely  separated  areas  of  Cambrian  rocks  in  Central  Texas  and 
iiortli  western  Atizoua  are  united  in  one  sub-province  on  accoant  of  their 
similarity  in  stratigrapbic  position,  general  sedimentatioD,  and  faunas. 


With  the  exception  of  the  doubtfbl  occurrence  of  the  Upper  Cambrian 
zone  as  a  sandstone  in  the  Organ  Monntains  of  southwestern  Texas,  as 
mentioned  by  Mr.  W.  P,  Jenney,  the  Cambrian  formation  is,  a«)  Cor  u 
known,  coiiliued  to  the  Paleozoic  uplift  in  the  central  part  of  the  State 
tbnt  inchitltis  Lhiuu  County  within  its  central  portion. 

A  section  of  the  turmatiou  measured  by  Dr.  B.  F.  Shumard  in  Itur- 
net  County,  5  uiilos  northwest  of  the  town  of  Burnet,  is  as  follows:' 

No.  1.— Soft.clinlky  limoatoue  with  well  marked  cretaoeoos  foMils 50 

Ku.  1!.— (iruy  iiiiil  bhiiab  uraj  Lard  limuatoae,  of  a  sandy  t^xtnro,  in  beda  (hiiD  > 
fiiw  iiicliuH  tu  a  fout  thick,  and  contaioiDg  Arionetlta  (Salhyuntt] 
planut,  HathyiirHt  deprnn;  Camerella  sp.,  Ortkia  coloraioetuii,  Orliil 

B|i.!,  Diacina  mieroiropifa,  a.nALingula  sp.1 81 

No.  3.— Muttlt^d  Kray,  inirplu,  and  t;rpoiiiHh,  earthy  aud  Bubcrystaltine  limeatonc, 
with  iiltvriiatitj);  baudauf  silicuouH  Itmeatonu — oontaiiw  the  (tamerwals 

a«Ni..a 6 

Ni>.4.— Sloi'w  with  [irojucUuK  ledges  of  Ho.  3 So 

No,  5.— Sliiiw i* 

No.  ti. — SuliiHtoBO  uuarso  toitured  limestone,  niaile  up  of  crystallioe  particles  and 

abounding  witli  fragmonte  of  trilobitoe,  obielly  ArioneUaa iO 

Total MS 

'  Tiic  I'rliiiordi*!  lone  of  Tsiiu,  with  dMcripUom  of  nBw  foHllL  Am.  Jour.  Set,  Id  ta.,  loL  a  IM, 
p.  311. 
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A  second  sectioi),  taken  about  1  mile  sonth  of  the  preceding,  is  also 
qnoted,  as  it  carries  the  series  down  to  the  granite :  ^ 

Feet 
No.  1. — Cretaoeous  strata  in  horizontal  beds • • 110 

No.  2. — Slope,  covered  with  oongloinerate,  composed  of  pebbles  of  sandstone  and 

caloiferoas  sandroek,  rather  firmly  cemented 12 

No.  3. — Potsdam  sandstone,  oonsistinx  of  thin  layers  of  variegated  green ,  gray, 
and  pnrplish  sandy  limestone^  with  bands  of  dolomite  and  silico-cal- 
careons  rook  interstratified.  Some  of  the  beds  are  highly  charged  with 
trilobites^  of  which  the  most  common  are  Arionelltu  texanuSf  Dikelooe' 
phalu9  ro0meHf  and  Canooepkalitea  billingsi 40 

No.  4.— Highly  ferruginons  siliceons  sandstone,  composed  of  fine  grains,  loosely 
cemented,  passing  downwards  into  coarse  gritstone  and  conglomerate. 
The  npper  beds  contain  Lingnlaand  Obolas(f) 60 

No.  5. — Flesh  colored  granite,  interstratified  with  veins  of  milky  quartz 6 

From  the  sections  it  will  be  observed  that  the  strata  consist  largely 
of  limestone,  with  a  bed  of  sandstone  at  the  base. 

The  section  of  Packsaddle  Mountain,  in  Llano  County,  in  the  valley 
of  Honey  Creek,  is  given  as  follows  by  Mr.  C.  D.  Walcott  in  1884  :^ 

Fet)t. 

5=KPotsdam  limestone 60 

4  =  Potsdam  sandstone 30 

3  =  Potsdam  limestone 310 

2  =  Massive  Potsdam  sandstone 205 

1  =  Llano  group. 

605 

The  fauna  collected  included  12  genera  and  25  species,  all  character- 
istic of  the  Upper  Cambrian  zone. 

A  comparison  of  the  Texas  section  with  that  of  the  Grand  Cafion  of 
the  Colorailo,  in  northern  Arizona,  leads  to  the  conclusion  that  they 
belong  to  the  same  area  of  sedimentation.  In  each  a  massive  sand- 
stone at  the  base  is  subjacent  to  alternating  saudKtoneK  and  limestones 
that  carry  essentially  the  same  fauna.  The  sections  of  the  lower  sand- 
stones of  the  eastern  slopes  of  the  liocky  Mountains  partake  somewhat 
of  this  character,  especially  those  of  the  Big  Horn  range  in  Wyoming, 
In  Wisconsin,  etc.,  the  calcareous  beds  of  the  Texas  section  are  absent, 
but  the  presence  of  the  Dikelocephalus  fauna  at  the  summit  of  each 
series  above  a  zone  carrying  what  may  be  called  the  Ptychoparia  minor 
fauna,  proves  that  the  life  of  the  two  areas  continued  on  in  the  same 
succession  despite  the  change  in  sedimentation  and  environment. 

In  a  report  on  the  Cambrian  system  Prof.  T.  B.  Comstoek  concludes 
that  at  least  two  and  probably  three  series  of  Cambrian  strata  are 
represented  in  central  Texas.^  To  the  basal  beds  he  gives  the  name 
Hickory  series  (Lower  Cambrian?).  For  the  second  horizon  the  name 
Riley  series  (Middle  Cambrian!),  and  for  the  upper  series  tlie  name 

»Op.cit.,p.217. 

*  Note  on  Paleozoic  ro(?k8  of  ceutral  Texas.    Am.  Jour.  Soi.,  3d  »er.,  vol.  28, 1884,  p.  432. 

*  A  preliminary  report  ou  tlio  )i;o<)lo;;y  of  the  ccatral  mineral  region  of  Texas.    Ist  Auu.  Kvp.  Geol. 
Snrr.  of  Texas  fur  1889-'!M),  pp.  'J^-2U1. 
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Katemcy  (Pntwlam)  series  (Upjier  Cambrian  f).  This  npper  series  ia 
divided  into  Division  A,  the  Potsdam  sandstone ;  Division  B,  the  Pots- 
dam lia^ ;  Division  G,  the  Potsdam  limestone. 


As  far  OS  known  the  Cambrian  rocks  of  Arizona  are  confined  to  the 
sections  exposed  b;  the  Grand  Canon  of  the  Colorado  and  along  the 
'  southwestern  mar^o  of  the  great  Colorado  Canon  plateao. 

A  section  measured  near  the  head  of  the  Grand  CaiSon  baa  300  feet 
of  tiaudstone  at  the  base  that  rests  nnconfonnablf  ujKin  the  sabjaceut 
Algoukian  (Chuar)  formation.  Above  the  sandscone  there  are  700  feet 
of  alternating  sandstoaes,  shales,  and  limestones  thronghont  which  fos- 
sils of  the  Upper  Cambrian  zone  have  beeu  foand.  These  iuulude  the 
genera  Cruziaua,  Lingulepis,  Ipbidea,  and  Ptychoparia.  At  the  sammit 
of  the  lower  sandstone  a  small  gronp  of  fossils  was  fonnd  which  inclndes 
the  genera  Olenoides,  Ptychoparia,  Lingulepis,  and  Leperditia.  The 
upper  part  shows  close  relation  to  that  of  the  Potsdam  sandstoue  hori- 
zon of  central  Nevada,  the  Mississippi  Valley,  and  New  York,  while 
that  of  the  lower  zooe  or  the  summit  of  the  sandstone  is  more  nearly 
related  to  that  of  the  Middle  Gambriun  zone  of  the  Southern  Appa- 
lachians. There  is  a  large  quantity  of  material  in  the  laboratory  of  the 
(T.  S.  Geological  Survey  yet  romaiuiiig  to  be  studied,  bat  I  think  the^ 
conclusions  will  not  be  materially  changed. 

At  the  mouth  of  Xanab  Greek,  west  of  the  Kaibab  Platean,  there  an 
100  feet  of  arenaoeons  and  micaceous  shales,  subjacent  to  a  massive 
stratum  of  mottled  limestone.  In  the  lower  450  feet  of  the  latter  awl 
in  tbo  areuiu:eous  shale  fossils  were  found  similar  in  character  to  tliosc 
uf  the  ugiper  portion  of  the  section,  us  seen  near  the  head  of  the  caijou. 
They  iucliulu  Lingulepis,  llyolithes,  and  Ptychoparia. 

The  section  at  the  month  of  the  Grand  Ganou,  as  given  by  Mr.  A. 
It.  Marvinc,  is  as  follows :' 

Fast. 
Kod  wall  !ime«tonoH. 
ToDto  uinrblu  huieHtioiioa, 


TontoiUalwi i  „„„„.. 


Mr.  Marvinc  says  that  iu  going  southward  from  the  mouth  uf  Uw 
rafiiin  tlio  Toiito  shales  sot^m  to  diminish  in  thickness,  and  at  Tinoakah 
springs  they  are  estimated  at  less  than  400  feet.  A  few  miles  soutli 
of  this  point  they  were  still  thinner,  being  estimated  at  less  than  100 
feet.  Tile  'i'oiito  saiulstoiic,  however,  has  increased  much  iu  thickaes! 
iiiiil  liirriis  tho  greater  portion  uf  the  section. 

'Kriiorliiiillii'h'.-aloEyof  niul«  (nini  S[.  OMiIce.Vab.  lo  Gita  ItlTST.  AtImu.  rxamlncdia  OT 
Krp.  ui>  <:»>(:.  mill  C.'i.l.  Ki).!.  uul  Surv.  wcimnootb  iDcrR.JD  duvi:!)  of  Lient  Oea.  U.  WM« 
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On  the  atlas  sheet  issaecl  by  the  Wheelor  Survey  in  1874  the  Silarian 
(which  also  incladed  the  Tonto  formation)  is  represented  as  extending 
from  the  head  of  the  Grand  Oa&on  along  the  entire  course  of  the  canon 
to  its  month,  and  thence  southward  along  the  western  margin  of  the 
(Colorado  plateau  to  Music  Mountain,  where  the  outcrop  broailens  out 
and  extends  southwest  along  the  south- 
western margin  of  the  plateau.  The  most 
Routheastem  outcrop  is  on  the  Bio  Verde 
Kiv^r  near  the  lower  end  of  Williamtown 
Valley. 

In  all  the  sections  on  the  line  of  the 
Grand  Gailon  and  the  western  and  south- 
western margins  of  the  Colorado  Plateau 
the  Tonto  sandstone  rests  uncomformably 
upon  either  Aigonkian  or  Archean  rocks. 
In  its  greatest  development  the  formation 
attains  a  thickness  of  1,000  feet  and  rep- 
resents the  Upper  Cambrian  zone,  and 
possibly  in  the  lower  portion,  the  Middle 
Cambrian. 


Cblamda\ 


« 


^BZocXcJ^EOf 


Slkikota^ 


WSattrn  m^canMrt 


Ck/vtraZ   fftsoattjOv. 


The  sediments  of  this  province  are  those 
deposited  as  the  sea  advanced  slowly  upon 
tlie  land  and  distributed  the  debris  worn 
from  it  or  brought  in  by  tributary  streams 
as  layers  of  sand  along  the  coast  line  and 
in  an  adjoining  shallow  sea.  From  Ari- 
zona to  Texas,  to  Missouri,  the  I]Elack 
Mills,  and  the  eastern  margin  of  the  Kocky 
MoiinUins,  and  all  along  the  northern  line 
in  iMinncsota,  Wisconsin,  Michigan,  Can- 
mla,  and  the  Adirondacks  of  New  York 
the  record  is  the  same — sandstones  resting 
ui)on  pre-Cambrian  rocks  and  carrying 
essentially  the  same  fauna.  In  some  re- 
giona  the  depth  of  water  increased  more 
rapidly  and  calcareous  deposits  accumu- 
lated upon  the  sand^  as  in  Arizona,  Texas, 
the  Black  Hills,  and  in  some  localities 
along  the  eastern  base  of  the  Kocky 
Mountains.  That  the  sea  was  shallow,  wide  spread,  and  advancing 
along  a  great  extent  of  coast  line  is  shown  by  the  sediments  and  the 
presence  of  a  similar  fauna  in  New  York,  the  Upper  Mississippi  Valley, 
the  J^>lack  Hills,  the  eastern  front  of  the  Kocky  Mountains,  and  far  to 
the  south  in  Texas  and  Arizona.    All  over  this  broad  area  the  rela- 


TVtfeansiTv 


2jy 
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tive  stratigraphic  saccession  of  the  sub-divisiODS  of  the  Upper  Cam- 
briau  fanna  is  the  same;  and  nowhere  do  we  know  of  the  existence  of 
formations  chiiracterfzed  by  the  Lower  and  Middle  Cambrian  faanas 
of  the  Atlantic  coast,  Appalachian  and  Rocky  Mountain  proviDce«, 
except,  perhaps,  the  Middle  Cambrian  fanna  in  the  sonth western  Interior 
Continental  sub-Province. 

In  the  Atlantic  Coast  Province  the  basal  beds  of  the  Olenellns  zone 
rest  unoonformably  upon  Archean  and  Algonkian  rocks.  The  sea  de- 
XM)sited  the  Cambrian  sediments  across  the  upturned  edges  of  the  Lao- 

rentian  and  those  of  the  superjacent 
bedded  sandstones,  qaartzites,  argil- 
lites,  and  slates  forming  the  Algon- 
kian  series,  which  Dr.  Murray  referred 
to  the  Huronian.  The  upper  St 
~w^  28  "aT        John's  slates  carrying  theAspidella 

Fia.5.-8«ctUni«  of  the  Interior  ContlnenUl      WCrC    alSO    planed    away   by  the  Gam- 
Province,  in  the  aoatb  oentni  and  wrath-    briau  Sca.    In  the  Interior  Continentel 

weetern  portions.  .  ^  ^t- 

Province  m  Wisconsin  and  Minnesota 
the  Upper  Cambrian  sandstones  are  unconformably  superjacent  to  the 
corresponding  series  of  rocks,  or  the  Laurentian,  Huronian,  and 
Keweenawan  series  of  the  Lake  Superior  region.  In  the  first  instanee 
the  earlier  Cambrian  sea  transgressed  upon  the  pre-Cambrian  rocks,  and 
in  the  latter  case  the  later  or  closing  epoch  of  the  Cambrian  was  the 
one  in  which  the  deposits  were  accumulated  upon  the  Archean  and 
Algonkian  rocks.  A  misapprehension-  of  these  facts  has  led  several 
geologists  to  refer  the  Keweenawan  and  other  pre-Cambrian  rocks  to 
the  Cambrian. 

DESCRITTION  OF  PLATE  I. 

Geographic  distribution  of  the   Cambrian  strata  sho^cn  hy  surface  outcrops  in  North 

America, 

The  Ideologic  provinces  are  indicated  by  the  dotted  lines.  The  Interior  Cent inontal 
Province  is  broken  up  into  sob-pro vincea  and  these  are  united  by  a  lighter  dotted 
lino.    The  provinces  are : 

A.— Atlantic  or  Eastern  Border  Province. 

a.  Eastern  or  Nova  Scotia  Basin. 

b,  Sontheastern  Newfoundland,  eastern  New  Bmnswiok,  and  Massachn- 

setts  Basin, 
e.  Interior  deposits  of  Gasp^,  Quebec,  Maine,  New  Hampshire,  Verroont, 
and  Massachusetts. 
B.— -Appalachian  or  Interior  Eastern  Border  Province. 
C— Kocky  Mountain  or  Western  Border  Province. 
D. — Interior  Continental  Province. 

D^  Central  Interior  or  Upper  Mississippi  and  Missouri. 
D^.  Eastern  Interior  or  Adirondack  of  New  York,  and  Canada. 
jy\  Western  Interior  or  Dakota,  Wyoming,  etc. 
D**.  Southwestern  Interior  or  Arizona  and  Texas. 
The  outlines  of  the  provinces  are  drawn  so  as  to  include  the  outcrops  known  at 
present.    They  are  arbitrarily  assumed,  as  we  do  not  know  the  exact  limits  of  th« 
original  Cambrian  sedimentation. 


s 


WALCOTT]  SYNOPSIS.  359 

Owing  to  tbe  nnceitainty  as  to  the  Cambrian  age  of  the  outcrops  of  Nova  Scotia, 
Maiue,  New  llampehire,  and  north  into  Canada,  tho  indicated  areas  upou  the  map 
have  horizontal  black  lines  to  diatingniah  them  from  the  known  Cambrian  rock&. 

SYNOPSIS  OF  THB  CAMBRIAN  aSOUP. 

The  coordination  of  the  Gambrian  group  in  America,  with  the  pri- 
mary subdivisions  of  the  Paleozoic — Silurian,  Devonian,  and  Oarbon- 
iferons— is  largely  a  development  of  the  past  decade.  Although  strongly 
advocated  by  Dr.  T.  S.  Hunt  and  used  by  Sir  J.  W.  Dawson  in  1872, 
and  the  Fortieth  Parallel^Survey  in  1878,  Le  Gonte's  Elements  of  Geol- 
ogy of  1878  mentions,  but  does  not  use  the  name  in  classification,  and 
Dana's  Manual  of  1876  classes  the  ^^  Primordial  or  Gambrian  "  as  the 
lowest  formation  of  the  Silurian. 

To-day  the  group  is  firmly  established  by  (a)  the  presence  in  the 
Rocky  Mountain  province  of  6,000  feet  of  limestone  with  10,000  feet  or 
more  of  quartzite  beneath ;  {h)  in  the  Appalachian  Province  by  over 
12,000  feet  of  quartzite,  shales,  slates,  and  limestones ;  (c)  a  continental 
distribution ;  {d)  a  characteristic,  highly  differentiated  fauna. 

The  various  formations  referred  to  the  group  are  mentioned  in  the 
following  table.  In  some  instances  it  is  not  practicable  clearly  to  de- 
fine by  name  the  exact  limitations  of  the  formation  through  which  a 
certain  division  of  the  fauna  ranges.  In  such  cases  reference  will  have 
to  be  made  to  the  text  for  further  description. 
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CloMfieiMint  of  theformatUmi. 


Tgpt. 
SuiilitoDM  at  tba  Dorth  nd  out  iililai  of  the  Adlnmdaelu  Uonntiliu  at  New 

York  ud  adJaialDff  puta  of  Caondk. 

Oomlated. 
LlniHtonsB  or  the  WDtli  side  of  the  AdiTDiidukI  m 

York,  ud  ID  nnknoirD  portloa  at  the  UmeiloDH 

matarn  Termont. 
ShilHof  TfliuieHM  (Knot),  naorgU,  ud  Alalwu  (COBDUWita). 
BkDdiUiDH  of  Uia  Upper  Ulululppl  ViUlef  (SL  Croii).   Booth  Dkkat^  Wyo- 

nslDK,  MontUft,  and  Colarula. 
BudaUmei  ud  cnlnaTeoiu  bedi  of  noItherD  Arl«in>  (Tonlo)  ud  central  Tciu 

(KitsMcy). 
LlmHtaaH  and  iihBlea  of  Kerads  (HuDhori).  Idaho,  and  KsDtuk  lOaUktU). 
Blank  ahalu  of  the  upper  portion  of  tha  tfaw  Branowlck  >nd  Cape  Dreum 

laUnd  lootloru. 
Shaleaand  audatoDea.or  Cooeeption  Ba;,  VAwraiiDdlBiid  (B^lslde). 

Twpt. 
Shalei  and  ilatw  of  eastern  HaaaaolinBett*  (Braintim),  K**  Bniiiiwlck  (St. 
John),  and  aaalatn  KewfoiuidlMtd  (Avalon). 
KhrrdaUi. 

LlmMtoneaofDntolieaaCiiDDty, New  York  |Stlulng).and  central  porttoni  of 

Tenneuee  and  Alabama  seotlona  |Caou). 
Llmeelonea  of  central  S'evada  and  Britlih  Colamblt  (Uonat  Slcpheo). 


Qnartiitoof  weitPmalopeofGroon  MoiinUtnn  ("GrannlarQnart*')  noil  Ap 
palaehi»nRuc«ofPoBnBj-lTBnia.TifEinia,  Tmneweo  (Chillioiree),  Georgia. 

New  York,  and  eonth  to  Alaliama. 
LlmOHlnnn.iiandet.ine.iiDdiUal'-nitrHtraltiiorBelle  lele  {Laliradar),  Donliwpil 

vojutof  N.iwfouodUnd,  and  pcnlnenla  of  Avalon  (I-litcetitla). 
Baail  •erlnx  of  HaDforil  arook  Section,  l^aton'*  Inland,  etc.,  New  Rranswick 

(llanfonll. 
Stales  and  ItniMtonex  of  oBBtPm  and  ■oiiMii'anlcni  Ua*BnchnsetIi<i  (Atllcbor- 

onahl. 
Lownr  portion  of  Edn>k«  and  HlEhland  ltonKl•^  NevBrta  (Proepect). 

Bum  or  Cimllo  Moonlain  llin<4tane.ItritJsh  Colamlila  (CHtle  Mountalo). 
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lUSE  OF   CAMBRIAN. 

The  statements  made  in  the  preceding  paragrapbs  foieebadow  the 
couclnsion  tliat  over  tlie  Interior  Contineutal  area  tlie  basal  lieda  of  the 
npper  division  of  tbe  group  rest  nneonformabl;  npon  pre-Gatnbrian 
rocks.  This  is  true  also  of  tbe  lower  division  of  the  Atlantic  Ooast 
Province,  bnt  in  the  Lake  Ohamplain  Valley  and  the  Sonthem  Appala- 
chian Province  there  is  no  positive  assurance  that  the  conformable  sc- 
ries of  strata  beneath  the  Olenellus  zone  do  not  pass  down  into  some 
pFe-GambriaD  group.  In  Nevada,  Utah,  Montana,  and  British  Colum- 
bia the  same  conditions  exist  to  a  more  marked  degree,  and  I  have,  in 
the  absence  of  paleontologic  proof,  referred  the  conformable  pre-Olenel- 
las  strata  to  an  Algonkian  group.  That  a  considerable  portion  if  not  all 
of  tbe  series  will  be  ultimately  referred  to  the  Oambrian  is  probable 
from  the  fact  that  the  Olenellus  fauna  has  been  traced  downward 
thrnii{;li  1,000  feet  of  limestone  in  the  Champlain  Yalley  of  Yermont  and 
3,000  feet  downward  in  the  Bow  Biverseries  of  British  Colambia.  The 
crcat  vertical  distribution  of  the  fauna  in  the  limestoue  leads  to  tAe  ex- 
pectation that  it  will  be  found  to  range  throagb  a  considerable  portion 
of  the  conformable  strata  beneath  the  narrow  Olenellus  zone  of  the 
Southern  Appalachian  and  southern  portion  of  tbe  Kocky  Monataiu 
Province.  Ou  the  map  of  sections  the  lower  strata  are  provisionally 
and  doubtfully  referred  to  the  Cambrian.  This  is  in  opposition  to  the 
view  advanced  in  the  Tenth  Annual  Bepori;  of  the  U,  S.  Geological 
Borvey. 

SUMMIT  OF   CAMBRIAN. 

The  determination  of  the  top  of  the  Cambrian  is  beset  with  more,  dif- 
ficulties than  its  delimitation  at  tliobiutc.  At  tlie  baHo  there  are  marked 
unconfonnitiPH,  and  in  their  alisence  thoprcsenceof  a  distinctly  marked 
fauna  beneath  which  no  other  fauna  has  yet  beeu  fonud.  At  the  sum- 
mit, however,  wc  meet  with  a  tmn»ition  both  in  sedimentation  aiul  fauna 
to  tlie  characteristic  typo  of  the  Silurian  (Ordoviciaii).  One  of  the  best 
illnstrations  of  this  is  in  the  Eureka  district  of  Ceutral  Nevada,  where, 
in  the  Pogonij)  limestone,  the  passage  from  the  Cambrian  to  the  Silurian 
(Ordoviciau),i8  so  crn<lual  that  it  is  only  by  the  predominance  of  the 
fauna  of  one  or  tbeotherof  tbe  two  great  groups  that  a  line  of  demarka- 
tion  can  be  drawn.  The  transition  is  such  as  might  be  expected  where 
there  was  no  marked  phyaiciil  disturbance  to  infiuenoe  the  change  of 
faunas  resulting  from  the  natural  dying  out  anddeveiopmcntof  ai>ecies 
or  the  influx  of  new  species  from  other  areas.  The  sedimentation  was 
very  uniform,  and  no  essential  change  of  character  occurs  betweeu  the 
limestones  of  the  Upper  Cambrian  and  those  of  the  Silurian  (Ordovician). 
On  the  otlior  Imnd,  the  delimitation  between  the  two  groui>s  on  tbe 
northern  side  of  the  Adirondacks  is  clearlyand  definitely  marked  by  the 
occurrence  of  a  light-colored,  calciferous  sandrock,  with  its  drstinctire 
fauna,  resting  upon  a  compaet,  hard  quartzite,  characterized  by  the 
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Dikclooephalas  faana  of  the  Upper  Oambrian.  Various  j;;rado8  of  trau- 
sition  occar  between  these  two  extremes,  bat  trequently  it  is  necessary 
to  draw  an  arbitrary  line  and  define  the  upper  limit  of  the  Cambrian,  as 
terminating  where,  in  any  continaons  section,  theUpi)er  Cambrian  fauna 
gives  way,  an^  is  superseded  by  the  types  of  the  Silurian  (Ordovician) 
fauna.  In  Nevada  this  line  would  be  drawn  near  the  base  of  the  Pogonip 
limestone;  in  Tennessee,  near  the  base  of. the  Knox  dolomite;  in  north- 
ern New  York,  north  of  the  Adirondacks,  between  the  Potsdam  sandstone 
and  the  Calciferous  sandrock ;  on  the  south  side  of  the  Adirondacks,  in 
the  limestone  between  the  Potsdam  and  Oalciferous  faunas ;  in  the  Up- 
per Mississippi  Valley,  between  the  upper  beds  of  the  St  Croix  sand- 
stone and  the  Lower  Magnesian  limestone,  or  in  some  instances  in  the 
lower  portion  of  the  Lower  Magnesilin  limestone ;  in  the  series  of  shales 
opposite  Quebec,  at  Point  Levis, beneath  thegraptoliticbearing sliales 
and  the  conglomerate  carrying  the  Dikelocephalns  fauna  of  the  Upper 
Cambrian ;  and  in  western  Newfoundland,  in  the  limestones  between 
the  Upper  Cambrian  fauna  and  the  base  of  the  Ordovi(*Jan  fauna. 

The  paleontologic  break  between  the  Oambrian  and  Silurian  groups 
is  practically  complete  where  the  stratigraphic  break  is  marked.  About 
the  Adirondacks  the  only  species  I  know  of  that  cross  the  break  are 
the  Lingulepis  acuminata  and  a  species  of  Opliileta,  at  Cbateaugay 
Chasm.  In  Wisconsin  some  of  the  species  of  the  Upper  Cambrian  fauna 
apparently  rise  into  the  lower  portion  of  the  Lower  Magnesian  lime- 
stone, and  are  there  associated  with  forms  which  are  (considered  to  be 
more  typical  of  the  Silurian  (Ordovician)  fauna.  In  Nevada,  wliore  the 
sedimentation  is  of  the  same  character  in  the  Upper  Cambrian  and  the 
lower  portion  of  the  Silurian  (Ordovician),  there  is  a  slight  blending  of 
the  faunas,  as  shown  by  the  occurfence  of  the  genera  AsaphuK,  Dikelo- 
cephsihis,  and  Ptychoparia  u])on  the  same  surface  of  rock.  With  our 
present  knowledge,  however,  the  occurrence  of  the  same  species  in 
strata  that  are  referred  to  the  Cambrian  and  the  Lower  Silurian  is  so 
rare  that  they  are  the  exceptions  to  the  general  rule?. 

It  is  not,  however,  by  the  specific  break  in  the  fauna  that  the  two 
groups  are  separated ;  it  is  the  general  fades  of  the  fauna  referred  to 
the  Cambrian  and  that  referred  to  the  Silurian  (Ordovician).  The  dis« 
tinctness  of  the  Upper  Cambrian  fauna  from  the  Lower  Silurian  fauna 
100  feet  beneath  the  line  of  contact  of  the  two  groups  is  such  that  I 
think  there  will  be  no  confusion  between  the  two  faunas  in  America. 
In  England  the  range  of  the  genus  Agnostus  has  complicfited  the  sep- 
aratenesis  of  the  two  faunas,  but  this  is  not  sufiicient  to  combine  tiiem 
as  a  whole. 

SRDIMKNTATION   OF  THE   CA^TBRIAN   GROHP. 

The  physical  and  lithologic  characters  of  the  strata  lead  to  the  con- 
clusion that  the  sediments  were  accumulated  in  relatively  shallow  seas 
in  the  immediate  vicinity  of  the  shores  of  land  areas  that  were  being 
slowly  depressed  in  relation  to  the  surrounding  water&«    TAql^ss^^sc^ 
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some  exceptions,  as,  for  inataBce,  the  deeper  water  timestoue  series  of 
ceutral  N'erada,  Britinh  Columbia,  and  western  Vermont,  and  per- 
haps the  black  sUales  of  the  Atlantic  Coast  Province.  The  assembled, 
evidence  sosCains  the  view  that  at  the  beginning  of  Jjower  Cambrian 
time  the  area  of  the  great  Interior  Province  formed  part  o.f  a  continent, 
to  the  eastward  and  westward  of  which  long  ridges  of  pre-Cambriati 
rock  separated  interior  seas  and  straits  from  the  continental  area  and 
protected  their  contained  life  and  sediments  from  the  ravages  of  the 
open  ocean.  As  the  continent  was  slowly  depressed  and  the  waters 
advanced  apon  the  land  the  sedimohts  now  fo  rming  the  rocks  of  the 
Lower  and  Middle  Cambrian  series  were  accnmalated  in  the  various 
interior  bodies  of  water  to  the  eastward  and  westward  of  the  main 
land  area  and  between  it  and  the  ootlying  ridges.  What  the  contour 
of  the  sooth  and  southeastern  side  of  the  coDtioent  was  and  to 
what  extent  the  sea  advanced  apon  it  from  the  soath  dnriug  this 
time  is  unknown  and  may  never  be  known,  as  only  the  formations 
that  were  deposited  around  the  pre-Cambrian  islands  of  Texas  and 
Missouri  are  now  accessible  for  study.  From  the  evidence  afibrded 
by  these  two  localities  and  that  along  the  eastern  front  of  the  Rocky 
Monntaina,  and  the  exposures  of  Cambrian  strata  in  Wisconsin,  Can- 
ada, etc.,  it  is  very  probable  that  the  main  portion  of  the  coutiuent 
north  of  the  thirtieth  and  soath  of  the  fiftieth  meridian  did  not  dis- 
appear beneath  the  advancing  sea  antil  near  the  beginning  of  Upper 
Cambrian  time.  The  nnoonformable  position  of  the  Upper  Cambrian 
rocks  of  the  Interior  Continental  Province  upon  the  subjacent  Algon- 
kian  and  Archean  rocks  sustains  this  conclusion. 

Aa  the  sea  was  transgressing  over  the  surface  of  the  continent  on 
its  way  northward  across  the  broad*  interior  in  late  Middle  or  early 
Upper  CiHiibrian  time  it  was  also  working  along  the  base  of  the  bordor 
ridges  and  depositing  the  sediments  derived  from  them  conformably 
upon  those  <leposited,  while  the  main  mass  of  the  continent  was  above 
the  water.  That  these  deiwsits  wore  practically  conteaiporaneous  with 
those  of  the  Interior  Proviuce  is  proved  by  the  presence  of  the  same 
types  of  animal  life,  and  to  a  considerable  extent  of  identical  specien. 

Toward  the  close  of  Cambrian  time  a  large  portion  of  the  continent 
liad  disappeared  beneath  the  surface  of  the  sea,  and  the  great  lime- 
stone-forming period  of  the  Silurian  (Ordovician)  began.  In  some 
aretm,  as  about  the  Adirondack  Mountains  of  New  York,  argilla(;eous 
and  ansuaceous  sediments  were  derived  from  the  adjoining  coast  line, 
but  as  a  whole  mechanical  sediments  are  absent.' 
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Sedhlar  disintegratioii  had  prepared  an  iminense  atnonnt  of  material 
for  the  advaucing  sea  to  assort  and  rearrange  in  early  Oambrian  time. 
This,  witk  that  worn  from  the  solid  rocks  by  the  attack  upon  the  coast 
line,  was  largely  disposed  of  prior  to  the  opening  of  the  limestone- 
forming  period^-an  epoch  varying  in  relative  time  in  the  varioos 
provinces. 

I  do  not  think  it  probable  that  any  considerable  amonnt  of  sediment 
accnmulated  in  the  sonthern  portion  of  the  Interior  Oontinental  area  dar« 
log  early  Cambrian  time.  The  sections  of  the  Cham  plain  Valley,  eastern 
Tennessee,  Utah  and  Neyada,  and  of  British  Columbia  prove  the  accn- 
mulatiou  of  fi'om  10,000  to  12,000  feet  of  sediment  along  the  eastern  and 
western  flanks  of  the  pre-Cambriau  continent  before  the  sea  deposited 
the  formations  about  the  Llano  Hills  of  Texas«  the  Ozark  Mountains  of 
Missouri,  and  other  portions  of  the  Interior  Continental  Province.  This 
evidence  leads  to  the  belief  that  the  continent  stood  at  a  considerable 
elevation,  and  that  the  great  accumulation  of  sediment  during  late 
Algonkian  and  early  Oambrian  time  resulted  from  the  distribution  of 
material  worn  from  the  shore  by  the  waves  and  brought  into  the  sea  by 
the  rivers  of  the  Interior  Continental  region  and  the  outlying  ridges.^ 

DESCUIPTION  OF  PLATE  IL 

Map  of  tlio  central  portion  of  the  North  Ainurioan  oontiuentj  to  illastrate  the  rela- 
tive thickuess  of  the  strata  co  inpo8in«;  the  Cambrian  group  in  the  various  geologic 
provinces.    (The  small  ring  with  the  dot  iu  the  center  indicates  the  geographic  loca- 
tion of  the  base  of  the  section.) 
The  bcctions  are  grouped  into  the  following  geologic  provinces: 
Atlantic  Coast  Province. 
Appalachian  Province. 
Uocky  Mountain  Province. 
Interior  Continental  Province. 
The  latter  consists  of  the  Central  Interior  or  Upper  Mississippi,  the  Western  or 
Kucky  Mountain,  the  Southwestern  or  Arizona  and  Texas,  and  the  Eastern  or  Adi- 
ruudack  sub-provinces. 

Atlantic  Coast  Province: 

Section  I.  Conception  Bay,  Avalon  Peninsula,  Newfoundland, — The  Cambrian  rocks 
of  the  Avalon  Peninsula  rest  unconfonnably  upon  strata  of  Archean  and  Algonkian 
ago.  The  section  represented  is  formed  by  the  union  of  portions  of  those  of  Manael's 
i^rook,  Kelly's,  Great  HeU.  and  Little  Bell  Islands. 

Section  2.  Ficinity  of  St.  John,  New  lirunaipick, — This  section  is  unconfonnably 
superjacent  to  the  Archean,  and  unites  the  section  at  the  city  of  St.  John  and  that 
of  I laii ford's  Brook. 


>  It  in  not  iuiprububle  that  the  aren  of  the  groat  coastal  plain  of  tho  Atlantic  slope  was  then  an  ele- 
vated purtiou  of  the  contiueiit  and  that  much  of  the  sediment  deposited  during  Cambrian  and  later 
Paleozuir  time  wan  washed  from  it  into  the  seas  immediately  to  tho  west^  If  this  be  true  the  aouroe 
uf  much  of  tho  Hodiinent  of  the  Appalachian  Horics  of  rocks  is  accounted  for  and  the  abnence  of  the 
dcpoHitH  of  the  oaHtern  coastline  is  explained  by  tlio  sinkinf;  of  the  coastal  ro^on  during,  or  at  the 
cloHO  of  Paleozoic  time.  This  view  is  stn^n^thened  by  tho  presence,  in  the  Middle  Cambrian  fauna 
of  AlabniiM,  of  a  number  of  specioH  that  are  clonoly  allied  to  if  not  identical  with  species  of  the  Mid- 
dle Cambrian  fauna  of  Xowfonndland  and  Sweden.  This  fanna  is  unknown  in. the  Appalachian  Frov. 
ince  north  of  Alabama.  This  leafls  to  the  inference  that  it  wan  diMtribut^fd  along  the  shore  of  the 
Athuitic  (yoast  Province,  and  that  tho  lineof  depiisits,  uniting  the  Newfoundland  and  Alabama  areaa, 
south  of  tho  Massachusetts  area,  are  now  buried  deep  beneath  later  deposits. 
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Section  3.  VUinitif  of  North  Attleborough  and  Brawtreej  MMMchusetU.^In  this 
section  the  Lower  Cambrian  seriea  of  North  Attleborongh  and  the  Middle  Caiuhrian 
of  Braintree  are  united  in  one  generalized  section.  The  basal  aeries  is  nno^nformably 
snperjaoent  to  the  Archean. 

ArPALACiUAN  Provinck: 

Section  4.  Xorih  side  of  the  Straits  of  Belle  I$le,  Labrador, — ^The  base  rests  nncon- 
formably  upon  tho  Archean. 

Section  5.  Central  western  Newfoundland. — ^The  base  rests  unoonformably  upon  the 
Archean,  but  the  summit  of  this  section  is  not  clearly  defined  owing  to  lack  of  data 
to  determiue  the  range  of  the  fauna. 

Section  6.  Franklin  Count jf^  Vermont, — This  represents  the  *'  Red  sandrock  "  series, 
with  its  superjacent  Georgia  shales,  in  the  township  of  Georgia.  The  base  is  cut  off 
by  a  fault  line,  and  the  exact  limitation  at  the  summit  is  unknown. 

Section?.  This  represents  the  great  shale  and  slate  section  of  Washington  County, 
New  York.    It  is  out  off  at  the  base  by  a  fault  line  and  the  summit  is  not  well  defined. 

Section  8.  The  shore-line  deposits  of  the  Green  Monntains  or  the  ''  Granular 
Quartz,''  above  which  come  limestones  in  which  Cambrian  fossils  hare  been  found. 
At  the  base  it  rests  unconformably  upon  the  crystalline  pre-Cambrian  rocks. 

Section  9.  Typical  section  in  southern  Pennsylvania,  showing  the  ''Granular 
Quartz  **  resting  unconformably  upon  the  subjacent  crystalline  rocks  and  extending 
above  into  the  shale  series  beneath  the  limestones. 

Section  10.  This  section  i8  that  of  central  Virginia,  not  far  away  from  the  shore 
line.  The  base  rests  nnconfunnably  upon  the  pre-Cambrian  rocks,  and  above  it  passes 
into  the  base  of  tho  *'  valley  ''  limestones. 

Section  11.  BogersviUe^  East  Tennessee, — The  base  of  this  section  is  out  off  by  a 
fault  line  and  above  it  passes  into  the  Knox  dolomite,  the  lower  beds  of  which  carry 
the  Upper  Cambrian  fauna.  The  Chilhowee  Mountain  section  comes  beneath  the 
Rogersville,  and  it  is  so  roiwesonted  in  this  section.  An  interrogation  point  mark,, 
the  hiatus  between  tho  two  sections.  The  data  for  this  section  are  given  by  Mr.  Bailey 
Willis,  chief  of  the  Ai>palachian  division  of  geology,  U.  8.  Geological  Survey. 

Section  12.  The  line  of  this  Hectioii  extends  from  Rome,  Georgia,  westward  into 
Alabama.  At  the  base  it  is  cut  ofT  by  a  fault  and  above  is  delimited  by  the  Knox 
dolomite.  Tlie  data  for  it  are  given  by  Mr.  C.  Willard  Hayes,  of  the  Appalachian 
division  of  tho  U,  S.  Geological  Survey. 

Section  13,  W&itern  slope  of  tlie  JVasaich  tnountain»y  Utah. — In  this  hectiun  the 
12,000  feet  of  quartziteand  Hilicoous  slates  are  tentatively  referred  to  the  Cambrian. 
The  fossiliferous  zone  is  couliued  to  the  upper  250  feet. 

Section  14.  Central  eastern  Nevada. — This  section  represents  the  great  quartzit« 
series  beneath  the  fossiliferous  Cambrian  limestone.  The  base  has  been  concealed, 
and  the  summit  has  been  removed  by  erosion. 

Section  15,  Eureka  Disiriotj  Nevada. — In  this  section  the  fossiliferous  Lower  Cam- 
brian strata  rests  conformably  upon  the  quartzites,  which  pass  down  some  1,500  feet 
before  being  concealed.  The  quartzites  may  correspond  to  the  upper  beds  of  section 
14.  The  summit  of  tho  section  passes  into  the  supeijacent  Pogonip  limestone  of  the 
Silurian  (Ordovician). 

Skction  1(5.  Gallatin  River  near  Gallatin  City^  Montana. — This  is  essentially  the 
Name  as  the  Mount  Stephen  section  of  British  Columbia  (section  17).  The  subjacent 
series  of  quartzites  and  siliceous  slates  are  tentatively  included  in  the  Cambrian. 

Section  17.  Mount  Stephen  section  of  British  Columbia,  in  connection  with  the 
subjacent  Bow  River  quartzite  and  siliceous  slates.  The  relations  of  the  section  are 
the  same  as  those  of  the  Eureka  section  (15)  of  centred  Nevada,  with  the  addition  of 
the  Bow  River  quartzite  and  slates. 

Rocky  Mountain  Province: 
Central  Interior  Continental  subprovince : 

Section  18.  The  wealeru  HftcUou  of  the  central  Interior  Continental  Province  as 
it  occurs  in  Minnesota. 
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Skction  19.  Seotion  of  tbe  Upper  Cambrian  sandstones  of  eastern  Wisconsin. 

Sbction  20.  Section  of  Southern  central  Wisconsin,  showing  the  unconformity 
between  the  Up|>er  Cambrian  and  the  subjacent  Algonkian  and  Archeau  rocks.  Sec- 
tions 18, 19y  and  20  are  all  of  Upper  Cambrian  age,  and  pass  conformably  above  into 
the  superjacent  Lower  Silurian  (Ordoyician)  or  magnesian  limestones. 

Section  21,  O^ark  Mountains,  90uihea$i«m  MUwurU — ^The  relations  of  the  Cam. 
brian  and  the  Archean  are  the  same  as  those  in  the  Black  Hills  section  (section  23)« 

Eastern  or  Adirondack  subprovince : 

Section  22.  The  eastern  and  northern  slopes  of  the  Adirondack  Mountains  of  New 
York, — In  this  section  the  Potsdam  sandstone  of  the  Upper  Cambrian  rests  uuoon- 
fonnably  npon  and  against  the  Archean  and  Algonkian  rocks. 

Western  Interior  Continental  or  Rocky  Mountain  sub-province: 

Section  23.  Blaok  Hills,  Dakota, — ^The  Upper  Cambrian  rests  nncon  form  ably  upon 
the  Archean. 

Section  24.  Eastern  seotion  of  Big  Horn  Mountains  of  Wyoming, — It  is  essentially 
the  same  as  that  of  the  Black  Hills  (section  23). 

Section  25.  Southern  Montana.  —This  section  is  very  much  like  that  of  Wyom- 
ing and  of  the  Black  Hills. 

Section  2G.  Central  Colorado. — A  section  representing  the  sandstcmes  that  lie  be- 
tween the  subjacent  unconformable  Archean  or  Algonkian  rocks  and  the  superjacent 
Liower  Silurian  (Ordovician). 

Soathwestem  Interior  Continental  sub-province : 

Section  27.  Chrand  Canon  of  the  Colorado^  northern  Arizona. — In  this  section  the 
Cambrian  strata  are  uncomformably  superjacent  to  rocks  of  Ali^oukian  age. 

Section  28.  Llano  County^  Texas. — This  Hcction  is  similar  to  that  of  the  Grand 
Cafion  in  having  an  unconforiiiity  between  the  Algonkian  and  the  Cambrian  and  in 
representing  nearly  the  same  geologic  horizon. 

Theoretic  sections  at  close  of  Cambrian  time. — The  data  for  these  sections  are  ob- 
tained from  the  associatod  map.  The  enormous  accumulation  of  sediment  in  the 
Rocky  Mountain  Basin  on  the  west  and  the  Appalachian  Basin  or  trough  on  the 
east  are  shown,  as  well  as  the  thin  mantle  of  sediment  over  the  great  interior.  It 
serves  to  illustrate  the  se<limentation  indicated  by  the  vertical  columns  on  the  map. 

Our  knowledge  of  the  sedimeutB  of  the  eastern  and  western  sides  of 
tbe  pre-Gambrian  continent  is  considerable,  but  of  that  deposited  along 
tbe  southward-facing  front  we  know  nothing.  From  the  fact^  how- 
ever, that  the  same  species  of  fossils  occur  in  the  Lower  Cambrian 
fauna  of  Labrador,  Massachusetts,  New  York,  Vermont,  probably 
Tennessee,  Neviwia,  and  British  Columbia,  I  think  we  may  hypotheti- 
cally  assume  the  continuance  of  the  Lower  Cambrian  beneath  the  de- 
posits of  the  Gulf  States  and  westward  through  Texas,  New  Mexico, 
and  Arizona.  There  is  no  known  line  of  Lower  and  Middle  Cambrian 
se<limentation  across  the  continent  to  the  north  of  this  which  indicates 
that  the  fauna  might  have  been  distributed  along  a  more  northern 
shore. 

The  pre-Cambrian  ridges,  or  protaxis  of  the  present  ranges  of  the 
northeastern  side  of  the  continent,  have  been  outlined  by  Prof.  J.  D. 
Dana  from  the  known  exposures  of  pre-Cambrian  rocks.^  The  Para- 
doxides  fauna  lived  in  the  depression  between  two  of  the  eastern  ridges 
of  the  Atlantic  Province  in  the  New  Brunswick  area,  and  in  the  bays 


'Areas  of  continental  pro^oHft  in  North  America  and  the  inflaenco  of  the  condition  of  these  areas  on 
the  work  carried  forward  within  them.   Bull.  Gcol.  Soc.  Am.,  vol.  1, 1800,  pp.  3&-'J9. 
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and  protected  Hhores  of  the  seaward  slope  of  the  western  ridge,  where 
the  outer  or  eastern  ridge  was  absent,  as  in  Massachusetts  and  New- 
foundland. Tiie  sediments  that  accumulated  to  the  eastward  of  the 
New  Brunswick  sea  form  the  supposed  Cambrian  shales  and  slates  of 

'  j  Nova  Scotia.    The  inner  ridges  of  Maine,  New  Hampshire,  and  Itf  assa- 

chusetts  bounded  long,  narrow  seas,  in  which  the  Oambrian  faunas  are 
not  known  to  have  penetrated.  The  Lower  Oambrian  fauna  probably 
passed  from  the  Atlantic  along  the  ancient  Labrador  shore  into  the 
interior  Appalachian  sea.  A  few  types  of  the  Middle  Cambrian  fauna 
followed,  and  then  the  passage  appears  to  have  been  closed,  as  none  of 

!*!'  the  Upper  Cambrian  types  of  the  Atlantic  fauna  have  been  found  in 

the  deposits  of  the  interior  seas. 

The  various  views,  both  theoretical  and  hypothetical,  relating  to  the 
pre-Cambrian  continent  are  embodied  on  the  map,  PL  lu,  and  the  sec- 
tion at  the  base  of  PL  il 


DESCBIPTION  OF  PLATE  IIL 


;  j  Ilypothetioal  map  of  the  North  Atnerican  Continent  at  the  beginning  of  and  during  Lower 

!  Cambrian  Ume. 


This  map  is  based  npqn  the  sections  shown  on  PI.  Uj  and  the  theoretic  section  at 
'  j  the  base.    The  position  of  the  sections  on  the  two  maps  is  indicated  by  a  circle  with 

a  corresponding  number  on  each  map. 

The  shaded  portions  indicate  the  relative  areas  that  are  supposed  to  have  be«n 
above  the  ocean  during  later  Algonkian  and  Lower  Cambrian  time.  A  comparison 
with  Pi.  II  shows  that  in  the  Rocky  Mountain  and  Appalachian  areas  there  was  an 
enormoHH  accnmulation  of  sediment  prior  to  the  Upper  Cambrian;  while  over  the 
broa<l  interior  there  is  only  the  Uppor  Cambrian  which  corresponds  tu  the  upper  por- 
tion of  tlio  great  soctions  of  the  Kocky  Mountain  and  Appalachian  areas.  In  the 
region  of  the  Atlantic  Coast  Province  the  continental  movement  seems  to  have  been 
less,  as  the  sediments  of  the  Lower  and  Middle  Cambrian  are  ninch  thinner  than 
those  of  the  corre8j)ondiug  horizon  in  the  Appalachian  and  Rocky  Mountain  areas. 
The  conclusion  is  that  the  shaded  portions  and  perhaps  other  unknown  areas  formed 
i  the  land  during  late  Algonkian  and  early  Cambrian  time,  and  that  about  the  close 

of  the  Middle  Cambrian  or  the  beginning  of  Upper  Cambrian  time  the  continental 
'.  Hurfaco  wtuj  largely  depressed  beneath  the  waters  of  the  ocean  and  the  Upi>er  Cani- 

j  brian  sediment  accumulated  over  the  entire  area  where  Cambrian  rocks  are  now 

■i  known  to  occur.     (See  distribution  on  PI.  i.) 

On  PI.  Ill,  A.,  Archean  ;  K.,  Koweenawan  ;  B.  H.,  Black  Hills  of  Dakota;  T.,  Llano 
area  of  Texas  ;  M.,  Ozark  uplift  of  Missouri ;  C,  Grand  Caflon  area  of  Arizona.  The 
area  marked  X,  X,  X  indicates  an  hypothetical  land  area  of  the  existence  of  which 
we  have  not  at  ]>rcsent  any  absolute  proof,  as  it  is  now  covered  by  sediments  of  later 
age  than  the  Cambrian. 

The  present  shore  outlines  of  the  continent  are  indicated  by  the  dotted  line,  and  the 
outlines  of  the  continental  plateau  on  the  division  between  the  deep  sea  and  the  con- 
tinent by  a  continuous  line. 

The  descriptive  notes  of  the  Cambrian  rocks  of  the  various  provinces 
and  the  r6sum^  following  each  establishes  the  fact  that  in  Cambrian 
|ilj  time  there  were  geographic  areas  in  which  different  types  of  sedimenta- 
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tiou  prevailed,  and  that  great  variation  existed  in  what  are  considered 
the  same  geographic  provinces.  The  sediments  of  the  northeastern 
Atlantic  Coast  Province  are  almost  entirely  shales  with  a  small  propor- 
tion of  sandstone  and  a  trace  of  limestone.  Tracing  the  long  Appa- 
lachian Province  from  the  Golf  of  St  Lawrence  to  the  southwest  and 
south,  we  find  an  immense  accumulation  of  shale  with  some  interbedded 
sandstone  and  limestone.  This  extends  to  the  Lake  Ohamplaiu  region 
of  New  York  and  Yermoat,  where  a  great  limestone  of  Lower  Cambrian 
age  is  subjacent  to  several  thousand  feet  of  shale  in  which  lenticular 
ma^«se8  of  sandstone  and  limestone  occur  at  irregular  intervals.  Farther 
to  the  southwest,  in  southern  Vermont  and  eastern  New  York,  great 
thicknesses  of  argillaceous  sediment  were  deposited.  These  now  form 
the  series  of  shales  in  which  beds  of  finely  laminated  roofing  slates 
occur  in  massive  strata.  Toward  the  east,  near  the  pre-Cambrian  shore 
line,  the  Lower  Cambrian  sandstones  are  followed  by  areuaeeous,  dolo- 
mitic,  and  purely  calcareous  limestones  of  later  Cambrian  time.  This 
condition  of  sedimentatiou  continues  far  to  the  south,  varied  more  or 
less  by  the  presence  of  great  thicknesses  of  shale  above  the  lower 
quartzite.  In  the  latter  case  the  limestone  of  the  Cambrian  forms  only 
a  thin  belt  at  the  summit. 

in  the  Rocky  Mountain  Province  the  siliceous  sediments,  sandstones, 
and  quurtzites  are  followed  by  limestone,  and  nearer  the  ^hore  line, 
the  saudstoues  are  subjacent  to  shale.  Over  the  Interior  Province  the 
record  is  sandstone,  followed  on  the  west  and  southwest  by  alternating 
limestones  and  sandstones. 

On  the  map  (PI.  ii)  the  thickness  and  character  of  the  sediment  is 
shown  in  a  general  manner  for  each  of  tlie  provinces. 

The  study  of  the  fauna  has  shown  that,  while  there  is  a  general  re- 
semblance in  the  faunas  of  the  Lower  Cambrian  in  the  Atlantic  Coast, 
Appalachian,  and  liocky  Mountain  Provinces,  there  is  sufilcient  differ- 
entiation to  mark  off  distinct  faunal  areas  in  the  early  Cambrian  sea. 

The  fauna  of  the  Upper  Cambrian  is  less  specialized  over  great  areas 
than  that  of  the  Lower  and  Middle  zones.  The  opportunities  for  com- 
munication between  the  provinces  were  greater  and  it  is  only  in  the 
Northeastern  or  the  Atlantic  Coast  Province  that  a  marked  difference 
is  shown. 

The  Middle  Cambrian  fauna  of  the  Atlantic  Coast  Province  is  so 
strongly  differentiated  from  that  of  the  Appalachian  and  Western 
liocky  Mountain  Provinces  that  it  was  not  until  they  were  found  to  oc- 
cupy the  same  relative  stratigraphic  position  that  it  was  suspected  they 
lived  in  approximately  the  same  epoch. 

The  evidence  of  sedimentation  and  the  evidence  of  organic  remains 
unite  to  prove  that  in  Cambrian  time  the  geographic  and  faunal  prov- 
inces were  differentiated  and  established  over  the  area  of  the  ])ro.seiit 
North  American  continent.  In  fact,  the  sedimentiitiou  of  the  Cam- 
brian was  as  varied  as  that  of  many  of  later  geologic  periods  and  more 
so  than  that  of  the  immediately  succeeding  Silurian  (Ordovician). 
BuU.  81 2^ 
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SUBDIVISION  OF  TllK  CAMBRIAK. 


I  In  bis  ailmirable  report  upon  the  Devonian  of  North  America  Prof. 

I  H.  S.  Williams  expresses  this  opinion : 

The  subdiviBion  of  any  groat  geologioal  system  must  dex»end  in  great  measure 
upon  the  differences  in  the  fannas  or  floras  contained,  and,  as  I  believe,  this  depends 
in  no  small  degree  upon  the  geological  changes  which  modified  and  shifted  the  geo- 
graphical conditions  under  which  the  animals  lived.  A  sandstone  will  not  contain 
the  same  species  as  a  following  limestone,  and  even  in  arenaceoos  shales  a  slight 
change  in  the  fineness  or  coarseness  or  in  the  amount  of  argillaoeous  mud  mixed 
with  the  saud  modifies  the  composition  of  the  fauna  contained  in  it.^ 


There  are  not  at  present  sufficient  available  data  from  the  Cambrian 
upon  which  to  base  comparisons  with  the  same  degree  of  refinement  as 
those  made  by  Prof.  Williams.  It  has  been  discovered,  however,  that 
the  predominant  types  of  life  of  the  Cambrian  group  are  to  be  found  m 
shales,  limestones,  and  sandstones.  For  instance,  the  genus  Olenellus, 
characteristic  of  the  Lower  Cambrian,  is  found  in  the  shales,  limestones, 
slates,  and  sandy  shales  of  the  typical  section  in  Northern  Vermont 
I  have  found  in  the  quartzites  and  in  the  pure  limestones  of  the  Pots- 
dam ei)och  of  the  Adirondack  subprovince  the  same  species  of  Dikel- 
ocephalus,  Hyolithes,  and  Lingulepis.    In  the  dark  argillaceous  shales 

[1  i  of  the  Middle  Cambrian  terrane  of  Newfoundland  I  found  the  same 

bpecies  of  Paradoxides  that  occurs  in  the  interbedded  limestones  of 
the  same  series  a  few  miles  distant.  That  Prof.  Williams  is  correct  in 
rilatiou  to  the  great  mass  of  organisms  that  existed  during  Paleozoic 
time  there  can  be  very  little  if  any  question.  As  an  example  the  corals 
of  the  limestones  of  the  north  shore  of  the  Strait  of  Belle  Isle,  on 
the  Labrador  coast,  are  unknown,  except  in  an  almost  identical  lime- 
Htoue  at  Silver  Peak,  Nevada,  in  the  Rocky  Mountain  Province.     It  is 

!|  iu  the  clearer  limestoues  that  the  great  bulk  of  the  brachiopods, 

pteropods,  and  other  forms  of  life  are  found  in  the  Cambrian ;  but  it  is 
a  fact,  iicvertheless,  that  the  predominant  types  of  the  Trilobita,  char- 
actiTizing  its  three  divisions,  flourished  upon  and  were  imbedded  in 
sediments  of  widely  diflferent  character.  It  is  owing  to  this  that  they 
become  of  so  much  importance  as  criteria  in  the  correlation  of  the  three 
I>riiDary  divisions  of  the  group. 

In  the  Atlantic  Coast  Province  the  fauna  of  the  Lower  Cambrian,  or 
Olonellus  zone,  occurs  in  arenaceous  limestones,  pure  limestones,  and 
shales.  All  of  these  are  of  a  different  character  from  those  of  the  black 
Kliales  200  feet  above,  in  which  the  Paradoxides  or  Middle  Cambrian 
fauna  occurs.  The  Upper  Cambrian  fauna  is  found  in  dark  shales  and 
sandstones  several  hundred  feet,  if  not  a  thousand  feet,  above  the  Para- 
doxides zone.  The  three  primary  subdivisions  of  the  Cambrian  are 
stron^ifly  defined  by  the  sedimentation  and  faunas.    In  the  St.  Lawrence 


'International  Cun^n'eHH  of  (reoIo^Uts,  Amorican  Committeo.  Report  of  the  sabcommittde  toUie 
NOMiuu  uf  the  Cun>;(eHH  hold  in  Londun,  September  17,  188&  Philadelphia,  1888.  Report  of  the  aab- 
oommittee  on  the  Upper  Paleozoio  (Devonic).  II.  S.  WiUiamn,  Reporter,  p.  C  20. 
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Valley  area  of  the  Northern  Appalachian  Province  the  Lower  Oambrian 
and  Upper  Canibriau  faunas  are  found  in  separate  bands  of  conglomer- 
ate limestones  and  not  in  situ,  the  great  thickness  of  shales  and  sand- 
stones referred  to  the  Cambrian  not  being  characterized  by  any  known 
fanna.  In  Vermont  the  Lower  Oambrian  fauna  occurs  throughout  the 
classical  *^  Bed  sandrock  "  series  and  the  lower  portion  of  the  super- 
ja<ient  Gtoorgia  shales,  while  ,abont  2,000  feet  above,  the  Upper  Cam- 
brian fhnna  is  well  determined.  The  Middle  Cambrian  fauna  has  not 
been  recognized.  In  the  eastern  New  York  section  the  Lower  Cam- 
brian fanna  is  strongly  differentiated  and  the  base  of  the  Middle  Oam- 
brian fauna  indicated ;  but  the  Upper  Cambrian  fauna  is  unknown. 
Only  a  few  miles  distant  to  the  west,  however,  at  the  base  of  the  Adi- 
rondiicks,  the  Upper  Oambrian  fauna  characterizes  sandstones  and 
limestones  that  occur  beneath  the  base  of  the  Silurian  (Ordovician). 
Farther  to  the  south,  in  Dutchess  County,  in  the  valley  of  the  Hudson, 
the  Lower  Cambrian  fanna  is  recognized  in  the  basal  quartzite  and  the 
superjacent  limestone,  and  also  the  Middle  Cambrian  of  the  Appala- 
chian and  Kocky  Mountain  Provinces,  and  the  Upper  Cambrian  of  all 
but  the  Atlantic  Coast  Province.  In  Tennessee,  in  the  Southern  Appa- 
lachian Province,  the  Lower  Cambrian  fauna  is  found  in  shales,  within 
the  quartzite  series,  and  at  the  summit  of  the  shales  the  Upper  Oam- 
brian fanna  occurs.  This  extends  up  and  into  the  base  of  the  limestone. 
In  Alabama,  in  shales  apparently  occupying  the  same  serial  relation, 
the  Middle  Cambrian  fauna  is  well  developed. 

In  the  Nevada  section  the  Lower  Cambrian  or  Olenellus  zone  is  dis- 
tinctly defined,  and  between  it  and  the  Upper  Cambrian  fauna  1,000 
feet  of  limestone  is  marked  by  types  of  the  Middle  Cambrian  fauna. 
These  distinctions  of  faunas  are  readily  determined  wherever  two  or 
more  of  them  are  present  in  the  same  section  in  the  Eocky  Mountain 
Province.  In  British  Columbia  the  Lower  Oambrian  and  Middle  Cam- 
brian faunas  have  alone  been  recognized. 

I  have  spoken  of  the  Middle  Cambrian  fauna  of  the  Atlantic  Coast 
Province  and  that  of  the  Middle  Cambrian  of  the  Appalachian  and 
Bocky  Mountain  Provinces.  This  distinction  is  made  because  the  char- 
acteristic types  of  the  Atlantic  Coast  Middle  Cambrian  fauna  are  not 
found  in  the  Middle  Cambrian  fauna  of  the  other  two  provinces.  This 
indicates  that  a  nearly  impassable  barrier  existed  during  Middle 
Cambrian  time  between  the  sea  of  the  Atlantic  Coast  Province  and 
those  of  the  interior.  This  prevented  nearly  all  the  8i)ecies  of  the 
former  from  migrating  into  the  Appalachian  and  Kocky  Mountain  Prov- 
inces. Within  the  two  latter  there  is  a  fauna  characterized  by  similar 
types  in  New  York,  Alabama,  Nevada,  and  British  Columbia,  and  in 
each  section  where  their  stratigraphic  position  is  determined  they 
occupy  the  same  relations  to  the  Lower  and  Upper  Cambrian  faunas 
as  does  the  Middle  Cambrian  or  Paradoxides  fauna  of  the  Atlantic  Coast 
Province. 
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The  Lower  Gatnbriaii  faaua  is  much  uiore  persistent  in  its  character 
than  that  of  the  Middle  Cambrian;  for  all  the  strata  referred  to  the 
former  horizon  have  been  found  to  be  characterized  by  essentially 
the  same  fauna.    This  is  also  true  of  the  much  more  widely  spread 
i  .  CJpi>er  Cambrian  with  the  single  exception  of  the  Atlantic  Coast  Prov- 

ince,  where  the  fauna  is  more  of  the  European  or  Atlantic  Basin  type. 
There  is,  however,  too  little  known  of  it  at  present  in  Newfoundland 
^  to  base  any  final  conclusions  upon  it. 

^  The  minor  or  formation  subdivisions  of  the  Cambrian  are  based  larfi^ely 

i  upon  lithologic  characters  and  are  relatively  of  local  value  only.    One 

exception  to  this  is  found  in  the  ^^  Granular  Quartz"  of  New  York  and 
Vermont,  and  the  equivalent  Chilhowee  quartzite  series  of  Tennessee, 
Alabamiv,  Virginia,  Pennsylvania,  etc.  Another  is  in  the  widely  spread 
shore-line  deposits,  called  the  Potsdam  sandstone  in  New  York,  the  St. 
Croix  sandstone  in  the  Upper  Mississippi  Valley,  the  supposed  equiv- 
alent deposits  of  the  Black  Hills  of  Dakota,  the  sandstones  of  the 
eastern  Hanks  of  the  Bocky  Mountains  and  of  the  Llano  area  of  Texas. 
These  two  formations  furnish  illustrations  of  the  accumulation  of  similar 
sediments  over  very  extended  areas.  Their  minor  value  in  classitiea- 
i  tion,  when  not  supported  by  paleontologic  evidence,  is  shown  by  the 

{  fact  that  the  Lower  Cambrian  '^  Granular  Quartz  "  or  Chilhowee  sand- 

stone has  been  correlated  by  nearly  all  geologists  who  have  referred  to 
it  with  the  Potsdam  sandstone  about  the  Adirondacks  of  New  York 
and  the  St.  Croix  sandstone  of  the  Upper  Mississippi  Valley,  thus 
bringing  together  formations  separated  in  the  stratigraphic  column  by 
a  long  time  interval  and  several  thousand  feet  of  seilimeut.  Other 
i-  sandstones  of  pre-Cambrian  and  post-Cambrian  age  have  also  been 

f  correhUcMl  with  the  Potsdam  sandstone  of  New  York. 

I  With  our  present  knowledge  of  the  faunas  and  sediments  it  is  im- 

ir  possible  in  all  instances  to  ditterentiate  the  primary  divisions  of  Upper, 

Middle,  and  Lower  Cambrian  in  America. 

Extending  our  views  across  to  the  eastern  side  of  the  Atlantic  Ocean, 

we  find  an  extensive  development  of  Cambrian  rocks  in   North  and 

South  Wales,  where  the  three  great  divisions  of  the  North  American 

Cambrian  are  to  be  recognized.    The  Lower,  in  the  rooling-slate  series 

of  North  Wales  and  the  Ca>rfai  group  of  South  Wales ;  the  Mi<ldle, 

in  the  Solva  aftd  Menevian  formations,  and  the  Upper,  in  the  Lingula 

flags  series.    These  divisions  are  also  recognized  in  Sweden  and  North 

Wales,  although  in  greatly  diminished  force.    The  Lower  division  has 

been  recognized  in  western  liussia,  and  the  central  belt  of  the  celebrated 

'^Zonc  Primordiale"  of  l>ohemia  represents  the  Middle  Cambrian  series. 

hi  lithologic,  stratigraphic,  and  paleontologic  characters  the  Cam- 

'  brian  series  on  the  opposite  sides  of  the  Atlantic  are  such  that  there  is 

;  no  hcsitiincy  in  considering  them  as  belonging  to  one  geologic  gronj) 

and  as  part  of  one  geologic  basin. 

':  There  is  a  great  variation  in  the  sedimentation  and  faunas  of  tha 
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varioQs  formations  referred  to  the  Cambrian  in  North  America  and 
Europe;  they  all  fall  within  the  limits  of  the  group  and,  united,  consti- 
tnte  a  i^rcat  geologic  division  of  eqoal  taxouomic  value  with  Silurian 
(Ordovician),  Silurian,  Devonian,  eto. 

m 

COMPARISON  WITH  THE  CAMBRIAN  ROCKS  OP  OTHER  COUNTRIES. 

EUROPK. 

Dr.  nenry  nicks  expresses  the  view  that  the  sediments  of  the  Cam- 
brian and  Silurian  were  largely  deposited  on  the  western  side  of  the 
European  continent.^  In  Spain  and  Wales  the  sediments  accumulated 
to  a  great  thickness,  while  to  the  eastward,  in  Bohemia,  Scandinavia, 
and  Eussia,  the  sections  show  less  than  one-fifth  of  the  thickness  of 
those  in  Wales.  In  central  Hussia  the  Cambrian  strata  entirely  dis- 
appear and  the  Silurian  (Ordovician)  rests  nnconformably  and  directly 
upou  the  ArcheaB.  These  observations  lead  to  the  conclusions  (a)  that 
the  Cambrian  sediments  were  deposited  upon  a  gradually  sinking  coast 
line ;  (b)  that  the  greatest  depression  was  on  the  western  margin  of  the 
continent;  (c)  that  the  movement  which  depressed  the  North  American 
continent  during  pre-Cambrian  time  also  affected  the  western  side  of 
the  European  continent,  with  a  gradually  diminishing  force,  from  the 
Atlantic  coast  to  the  Ural  Mountains.' 

A  comparison  of  the  Atlantic  Coast  Cambrian  series  of  America  with 
the  Atlantic  Coast  series  of  Europe,  as  exhibited  in  Wales,  shows  a 
marked  similarity  between  the  sedimentation  of  the  opposite  sides  of 
the  Atlantic.  The  basal  Cambrian  in  South  Wales,  named  the  Caerfai 
groni),  by  Dr.  Henry  Hicks,  consists  of  1,570  feet  of  strata,  as  follows: 
520  feet  of  conglomerates  and  greenish  sandstones  subjacent  to  a  bed 
of  red  shales  and  schists,  50  feet  in  thickness,  above  which  1,000  feet 
of  purple  sandstones  occur.  Dr.  Hicks  correlates  the  roofing  slates  of 
North  Wales  as  found  at  Llanberris,  Bethesda,  and  Penrhyn  with  this 
lower  division  of  the  Cambrian,  on  stratigraphic  evidence,  as  the  few 
fossils  found  are  not  sufiiciently  characteristic  to  correlate  the  two 
series  with  each  other  or  with  the  American  Lower  Cambrian.  A  com- 
parison of  the  sections  with  that  of  the  southeastern  coast  of  Newfound- 
land shows  in  each  the  presence  of  a  biisal  conglomerate  subjacent  to  a 
series  of  purple  and  green  shales  or  slates.  It  is  also  to  be  noted  that 
the  Lower  Cambrian  of  New  Brunswick  and  eastern  Massachusetts  is 
made  up  of  shales  of  a  somewhat  similar  cliaracter  to  those  of  the  Caer- 
fai group.  It  is  a  curious  coincidence  that  the  section  of  the  Lower 
Cambrian  of  North  Wales  is  almost  identical  in  the  physical  character 
of  its  slates,  including  color  and  texture,  to  the  Lower  Cambrian  roof- 
ing slate  l)elt  of  southern  Vermont  and  eastern  New  York. 


*  Od  the  depofiitioii  of  t\u^  (yHiiibriHD  and  Lowor  Siluriau  rocko.  Quart.  Jour.  GtNiI.  St}c.,  lA>n(loii,  vol. 
3 1 ,  1875,  PI.  27,  op.  p.  fh'ix. 

^  WalcottfC.  D. :  Tin-  Taun:!  of  the  Lower  Cambrian  or  Olencllua  f'Ono.  10th  Ana.  Kep,  U.  S.  Oeol. 
Sarv.,  1800,  pp.  503.  r>G4. 
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'  ■  The  Solva  ^roup  of  Soath  Wales  consists  of  150  feet  of  yellowish 

grits  beneath  1,500  feet  of  gray,  pnrple,  and  red  rocks,  above  which  150 
feet  of  gray  rocks  occur.  All  three  divisions  are  characterized  by  the 
presence  of  the  genns  Paradoxides.  The  superior  division  of  the  Mene- 
vian  group  consists  of  750  feet  of  slates  and  sandstones,  and,  with  the 
Solva  formation,  constitutes  the  Paradoxides  zone  corre8i>onding  to  the 
Middle  Cambrian  of  the  American  section.  This  division  is  repre- 
sented in  Massachusetts  by  the  Paradoxides  beds  of  Braintree,  in  I^ew 
I  ; ;  Brunswick  by  the  Paradoxides  shales  of  the  St.  John  Basin,  and  in 

Kewfoundland  by  the  Paradoxides  shales  of  the  Avalon  Peninsula. 
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of  the  Atlantic,  and  form  the  great  connecting  link  that  binds  the 
sections  together  and  permits  of  almost  positive  correlation  between 
them. 

The  North  American  Upper  Cambrian  is  represented  in  Wales  by 
the  Liugula  flags  and  Lower  Tremadoc  series,  formed  of  over  5,500 
feet  of  bluish  and  black  slates  and  flags  with  bands  of  gray  flags  and 
sandstones.  The  faunal  and  stratigraphic  equivalent  of  this  series  has 
been  distinctly  recognized  in  New  Brunswick,  on  Cape  Breton  Island, 
and  on  the  Avalon  Peninsula  of  Newfoundland. 

Most  English  geologists  have  included  the  Tremadoc  slates  in  the 

Cambrian ;  but  from  an  examination  of  the  list  of  their  contained  fauna 

it  appears  to  me  that  the  line  of  demarcation  between  the  Cambrian 

and  Silurian,  if  based  upon  the  general  facies  of  the  fauna,  should  be 

drawn  in  the  Tremadoc  series  between  the  upper  and  lower  divisions. 

The  fauna  of  the  lower  division  is  essentially  that  of  the  Cambrian, 

:  with  a  few  genera  and  species  more  characteristic  of  the  Lower  Silar- 

■  iaii  (Ordovician),  wliile  the  fauna  of  the  upper  division  is  largely  of  the 

V ;  Lower  Silurian  (Ordovician)  type,  with  a  few  forms  of  the  Cambrian  iu- 

f  =  termingled  with  it. 

:  t  The  problem  of  the  line  of  demarcation  between  the  two  groups  in 

'  \  England  is  essentially  of  the  same  character  as  that  presented  in  Ne- 

j  vada,  where  there  is  no  clearly  drawn  stratigraphic  or  faunal  break  in 

[':  the  Pogonip  series  of  limestones. 

■  J  That  there  is  a  strongly  marked  resemblance  between  the  Cambrian 

series  of  the  Atlantic  Coast  Province  of  America  and  that  of  the 
!  western  Atlantic  Coast  Province  of  Wales  there  is  no  question.     We 

are  able  to  compare  the    three  main  subdivisions  and  assume  that 
they  belong  practically  to  one  province.    In  fact,  there  is  no  more  dif- 
ference between  the  faunas  and  sediments  on  the  opposite  side  of  the 
i{'  Atlantic  than  there  is  in  different  portions  of  the  Appalachian  Pro- 

.]''  vin(3e,  and  not  as  much  as  between  dififerent  provinces  on  the  North 

J  I  American  Continent. 

■*'  Tn  explaining  the  strong  similarity  of  the  faunas  and  sediment-s  of 

f  tlH^  (/anil)rian  rocks  of  the  opposite  side  of  the  Atlantic,  Dr.  Henry 

'.  Hicks  says: 
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The  home  of  the  earliest  forms  of  life  aeems  to  have  been  somewhere  towards  the 
southwest,  and  possibly  not  far  from  the  eqaator;  and  it  is  from  here  i^t  the  varlons 
forms  seem  to  have  migrated  to  the  areas  in  which  they  were  snbseqaently  entombed. 
The  migrations  seem  to  have  taken  place  towards  the  North  American  continent  very 
much  about  the  same  time  as  towards  the  European ;  and  the  sea  encroachment^ 
along  that  continent  seem  to  have  been  in  a  direction  from  southeast  to  northwest,  so 
that  the  line  indicating  the  two  depressions  would  meet  in  mid-Atlantic.  This  ac- 
counts for  the  great  similarity  in  the  two  faunas  and  for  the  general  resemblance 
offered  by  the  order  of  succession  of  these  torly  rocks  in  the  two  continents.  The 
higher  lands  in  America  would  be  to  the  west  and  northwest,  and  the  higher  lands 
in  Europe  to  the  east  and  northeast,  so  that  the  last  lands  submerged  would  approach 
each  other  and  occupy  the  same  region  of  the  globe. ^ 

The  Scandinavian  Cambrian  series  is  not  over  200  feet  in  thickness, 
and  represents  the  entire  British  series.'  It  is  divisible  into  the  Lower 
Cambrian  or  Olenellns  zone,  the  Middle  Cambrian  or  Paradoxides  zone, 
and  the  Upper  Cambrian  or  Olenos  zone. 

On  the  opposite  side  of  the  Baltic,  in  eastern  Estoria,  the  Lower 
Cambrian  zone  alone  is  recognized  by  the  presence  of  its  characteristic 
fanna.  The  Middle  and  Upper  Cambrian  faunas  probably  existed  in 
this  region,  but  they  have  not  as  yet  been  discovered. 

Beneath  the  Paradoxides  zone  of  central  Bohemia  there  is  a  consid- 
erable thickness  of  shales,  grits,  schists,  conglomerates,  and  qnartzites 
that  may  represent  the  Lower  Cambrian.  The  Upper  Cambrian,  if  it 
has  not  been  removed  by  pre-Silarian  erosion,  does  not  appear  to  have 
been  clearly  differentiated  from  the  Middle  Cambrian  or  Paradoxides 
zone.' 

The  Cambrian  rocks  of  the  north  of  France  are  correlated  with  the 
Cambrian  of  St.  David's,  Wales,  by  authors,  but  they  are  not  sufficiently 
well  defined  by  faunas  to  compare  them  with  American  formations.  In 
the  province  of  H^rault,  in  the  south  of  France,  the  presence  of  Para- 
doxides correlates  the  rocks  with  the  Cambrian  of  Bohemia.^ 

On  the  island  of  Sardinia  there  is  a  mixture  of  Middle  and  Lower 
Cainb  rian  faunas,  which  may  arise  from  the  confused  state  of  the  strata, 
or  it  is  not  impossible  that  the  faunas  are  really  mingled  in  the  same 
beds.  In  the  absence  of  more  definite  data  it  is  not  practicable  to  com- 
pare them  with  the  American  sections. 

The  contrast  between  the  American  and  European  Cambrian,  with 
the  exception  of  the  sections  of  Bohemia  and  Sardinia,  are  not  as  great 
as  those  between  the  Atlantic  Coast  Province  and  the  Appalachian 
Province,  or  as  between  the  Atlantic  Coast  and  Kocky  Mountain  Prov- 


*  Od  the  deposition  of  the  Cambrian  and  Lower  Silurian  roc ka.  Quart.  Jotir.  Geol.  Soc,  London,  voL 
31.1876,  p.  656. 

'  See  l*rof.  Charles  Lapwortb's  comparative  table  of  the  Cambrian  rocks  of  Britain  and  ScandinayiA. 
"Materiala  for  the  Correlation  of  the  Lower  Pahnizoic.  KockH  of  Britain  and  Scandinavia."  Gool. 
Mag.,  new  series,  dec.  ii,  vol.  8,  1881,  pp.  31.H).  a2l. 

"  Mr.  J.  E.  Marr  correlates  the  hnsal  beds  of  Barrundc's  !fitasc  I)  (d  la)  in  which  Linjula/nttmanteli 
ocoum  in  abundauotv  with  the  Lingula  Hags  of  Britain.  Quart.  Jour.  (leol.  Soc.,  London,  voL  36, 1880, 
p.  602. 

*  Bergeron,  Jules:  Note  snr  la  presence  de  la  Faune  primordiale  (Paradoxidien)  dans  lea  environs 
do  Ferralsles-Montagnei*.    Bull.  Soc.  g6ol.  France,  3"  s^r,  vol.  IG,  1888,  pp.  282-28a. 
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;  luces.    In  point  of  fact  the  Atlantic  Goast  Province  of  America  is 

])r2ictically  a  portion  of  the  Atlantic  Province  of  which  the  sections  of 
I  western  Europe  are  on  the  eastern  side.    The  Bohemian  area  and  that 

j  represented  by  the  deposits  on  the  island  of  Sardinia  partake,  in  part, 

)  of  the  character  of  the  Atlantic  Basin  deposits,  in  the  presence  of  the 

I  Paradoxides  fauna,  bnt  not  in  other  details. 

The  essential  difference  between  the  English  and  the  American  das- 
I  [  siiiciUion  is  in  drawing  the  line  between  the  Oambrian  and  Silurian 

(Ordovician).  The  English  geologists  have  indnded  the  Upper  Tre- 
ma<loc  slates,  with  their  strongly  marked  Ordovician  fanna,  in  the 
Cambrian,  because  a  local  stratigraphic  break  occurs  at  their  summit 
and  between  it  and  the  subjacent  Arenig  series.  By  the  definition 
adopted  in  this  paper  for  distinguishing  the  great  geologic  groups,  the 
Upper  Tremadoc  slates,  with  their  fauna,  would  be  included  in  the  Si- 
lurian (Ordovician),  and  the  line  of  delimitation  between  the  Cambrian 
and  the  Silurian  (Ordovician)  be  drawn  at  the  base  of  the  upper  Tre- 
madoc  slates,  thus  referring  the  Lower  Tremadoc  and  the  Lingula  flag 
series  to  the  Upper  Cambrian,  and  the  Upper  Tremadoc  to  the  base  of 
Silurian  (Ordovician). 

In  conclusion :  (a)  The  relations  between  the  Cambrian  rocks  of  the 
eastern  or  Atlantic  coast  of  North  America  and  those  of  Wales  are  of  a 
genetic  character,  and  point  to  their  having  been  deposited  in  the  same  time 
interval ;  (b)  the  Scandinavian  Cambrian  represents  the  same  interval, 
but  with  a  greatly  diminished  bulk  of  sediments;  (c)  the  French  and 
Spanish  sections  are  too  incomplete  for  close  comparison,  although 
representing  the  coast  of  Wales  series ;  (d)  the  Bohemian  and  S<^rdinian 
areas  point  to  local  conditions  that  may  have  affected  their  connection 
with  the  typical  Atlantic  Basin  sediments  and  faunas. 

SCOTLAND. 

vi 

■  { I.  Tlie  occurrence  of  Cambrian  rocks  in  Scotland  has  not  yet  been  fully 

-:  \.  proved,  but  it  is  quite  probable  that  the  Torridon  sandstones  of  nortli- 

f  1 5  western  Scotland  may  be  referred  to  the  Ijower  Cambrian.    Prof.  Ar- 

chibald Geikie,  in  summing  u])  the  notice  of  the  Cambrian  rocks  in 
Scotland  in  his  Text  Hook  of  Geolojjy,  says: 
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In  tlie  north  west  of  ScotlaDd  a  mafw  of  roddiah  brown  and  chocolate-colored  sand- 
Rtono  and  conglomerate  (at  least  4,000  feet  tbick  in  tbe  Loch  Torridon  district)  lies 
11  neon  form  ably  upon  the  Arcbcan  gneiss  in  nearly  horizontal  or  gently  inclined  beds. 
*  *  •  The  denudation  must  have  been  considerable  even  in  early  Silnrian 
times,  for  the  BandHtones  jiro  unconformably  overlaid  by  quartzites  and  HmestoneH 
containing  Lower  Silurian  foasiln,  and  these  younger  strata  oven  in  the  same  district 
roHt  directly  on  the  Archoan  gnoiss.  »  •  *  No  trace  of  organic  remains  of  any 
ll|  kind  has  been  found  in  the  red  Haudstones  themselves,  unless  certain  traok-Iike  im- 

pn'SHions,  observt^d  on  the  west  side  of  Loch  Maree,  can  be  regarded  as  having  been 
inqtrint'Cd  by  cruMtacea  or  other  organisms.* 


1i 


1  Text  Book  of  Geology,  1885,  p.  053. 


*• 


i-ti 


WAUJ01T.1  IBETJLND---CHINA.  377 

IBELAKD. 

The  supposed  represeotative  of  tbe  Welch  Cambrian  series  in  the 
southeast  of  Ireland  is  described  by  Prof.  Geikie  as  follows : 

In  the  soDtbeast  of  Irel»nd,  loasset  of  parplish,  red,  and  green  shales,  slatee.  grits, 
qnartzitet,and  schists  ocoapy  a  considerable  area  and  attain  a  depth  of  14,000  feet 
withont  revealing  their  base,  while  their  top  is  covered  by  unconformable  formations 
(Lower  Silurian  and  Lower  Carboniferous).  They  have  yielded  Oldhamiaj  also  numer- 
ous burrows  and  trails  of  annelidcs  (HUHoderma  hihernioum,  Arenieoliies  didymus.  A, 
apartuB,  Httugktonia pcteUa,)  No  Upper  Cambrian  forms  have  been  mot  with  in  the 
Irish  rocks,  which  are  therefore  placed  with  the  Lower  Cambrian,  the  nnconforma- 
T)ility  at  their  top  being  regarded  as  equivalent  to  the  interval  nM[uircd  for  the  depo- 
sition of  the  intervening  formations  up  to  the  time  of  the  Llaudoiio  rocks,  as  in  the 
northwest  of  Scotland.^ 

A  v^ery  fhll  description  of  the  Cambrian  rocks  of  Ireland,  especially 
as  they  occur  at  Bray  Head,  Wioklow,  is  given  by  Prof.  William  Hellier 
Baily  in  1865.  A  diagrammatic  section  accompanies  the  jiapc^r,  and  the 
author  also  describes  the  supposed  organic  remains  that  have  been 
found  in  the  rocks.' 

f 

CHINA. 

Our  knowledge  of  the  Cambrian  rocks  of  China  results  from  the 
investigations  of  Baron  Bichthofen  in  the  province  of  Liau-tung  in  north- 
eastern China,  near  the  Corean  frontier.  He  found  a  series  of  lime- 
stone containing  the  <<Primordial "  fauna  in  the  sections  of  Sai-maki 
and  Tai-tsze-ho.^  The  limestones  are  superjacent  to  a  series  of  sand- 
stones and  quartzites  that  correspond  in  stratigraphie  position  to  the 
Lower  Cambrian  of  !N^orth  America. 

The  collections  of  fossils  were  studied  by  Dr.  Wilhelm  Dames,  who 
came  to  the  conclusion  that  two  horizons  were  represented — the  An- 
drarum  limestone  or  Paradoxides  ,  horizon  of  Sweden,  and  the  Queb€C 
horizon  of  North  America.^  At  the  time  Dr.  Dames  wrote  IHkel^^ceph* 
alu8  gothicua  and  7>.  quadriceps^  which  he  referred  to  the  genus  Dor- 
opyge,  were  cited  as  from  the  Quebec  group ;  and  it  was  on  the  com- 
parison between  the  Doropyge  richtlwfeni  and  these  two  species  that  he 
considered  that  the  Quebec  horizon  was  represented.  Tbe  two  species 
mentioned  are  now  referred  to  the  genus  Olenoides  of  the  Middle  Cam- 
brian fauna,  which  is  not  known  to  occur  in  the  Upper  Cambrian  or  in 
the  Calciferous-Chazy  fauna  corresponding  to  the  Quebec.  A  study  of 
the  species  illustrated  by  Dr.  Dames  lends  me  to  think  that  the  Middle 
Cambrian  fauna  only  is  present,  altliougli  it  is  not  impossible  that 
some  Upper  Cambrian  species  may  have  been  collected.  The  sections 
of  Baron  Kichthofen,  however,  indiwite  a  considerable  thickness  of  con- 


»  Tftxt  Book  of  Goology,  1H85.  p.  654. 

•The  Cambrian  rocks  of  tho  HritirtU  lAlaniln.  with  e8]w««'inl  n'fon.'nro  to  the  occarronre  ofthifl  forma- 
tion anil  itH  foMHilH  ill  IroUnd.    (rooloj^ical  Magazine,  vol.  2.  iHCr*,  pp.  :{rir>  loo. 

'  Kicbthofon.  F.  F.  von:  Cliiuu.  Er;:obniHMo  eiijen«»r  iiriMfu  itiid  (hirnuf  ^••cnindotiT  Studion.  Vol. 2 
((laN  iionllich«CliiiiuHiK-21.pi>4;  ti;;.'J1),  p  KM,  IXH'J. 

'*C'ambri4cbti  Trilubiteu  vou  Liautunj;.     (;hina;  by   F.  P.  vou  liiolitliufen,  vol.4,  1883,  p.  33. 
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formable  strata  beneath  tbe  Middle  Gambrian  zone  in  which  the  Lower 
Cambrian  or  OlenelloB  fauna  shoald  be  sought  for,  and  there  are  beda 
above  in  which  the  Upper  Gambrian  fauna  may  possibly  be  discovered. 
The  geologic  section  is  to  be  compared  to  that  of  the  Bocky  Moimtain 
Province,  and  the  presence  of  the  same  jiecnliar  Middle  Gambrian 
fauna,  unmarked  by  the  genus  Paradoxides,  also  strengthens  the  com- 
parison. 

IKDIA.  ^ 

In  a  note  on  the  discovery  of  trilobites  by  Dr.  H.  Warth  in  the 
Neobolus  beds  of  the  Salt  Range,  by  Mr.  Will  King,  director  of  the 
(Geological  Survey  of  India,  ^  it  is  stated  that  the  trilobites  were  dis- 
covered in  the  Neobolus  beds  of  the  Salt  Range.  The  stratigraphie 
succession,  firom  the  summit  downward,  beneath  the  Carboniferous 
limestone,  is  as  follows : ' 

C  7.  Bed  shaly  zone  (Salt-pseiidomorph  cone), 
Mftf^nesiiD  sandstone  groap.  <  6.  Marnesian  sandstone. 

(  5.  Dark  shaly  zone  (Neobolns  beds). 

!4.  Upper  pnrple  sandstone  (pnrple  sandstone). 
1.  Lower  pnrple  sandstone. 

There  had  been  previously  discovered  in  the  Keobolns  beds  by  Dr. 
Warth  and  Dr.  Waagen  a  number  of  brachiopods,  which  were  described 
by  Dr.  Waagen  as  follows :  Discinolepis  granulata  (p.  750),  Schizopholii 
rugosa  (p.  753),  Neobolus  warthi  (p.  758),  JV.  wynnei  (p.  759),  Davidsonella 
linguloides  (p.  764),  7>.  squama  (p.  766),  Idngula  Jciurensis  (p.  768)  and  L, 
warthi  (p.  769).^ 

It  is  stated  that  the  trilobites  were  sent  to  Dr.  Waagen,  who  identified 
one  of  the  two  determinable  species  as  a  Oonocephalites,  very  nearly 
relakMl  to  Conocephalites  formosus  Hartt,from  the  St.  John  group,  and 
the  other  aa  probably  an  Oleuus. 

The  beds  in  which  such  forms  occar  can  not  be  anything  bnt  Cambrian,  and  they 
nniHt  ))ro1>:ib1y  be  classed  as  referable  to  the  upper  region  of  the  Lower  Cambrian.'* 

In  the  table  the  probable  equivalent  elsewhere  of  this  formation  is 
the  Siiiic  formation  of  Eichthofen,  in  China." 

AUSTRALIA. 

The  Cambrian  rocks  of  Australia  appear  to  be  confined  to  the  south- 
eastern portion  of  South  Australia  and  the  northern  portion  of  Tas- 
mania. In  the  "Papers  and  Proceedings  of  the  Royal  Society  of 
Tasinjinia  for  1882,"  Mr.  R.  Etheridge,  jr.,  described  a  species  of  Cono- 
cephalites \vlii(!li  he  named  Conocephalit^^  t  stephensi  (p.  153),  and  the 
tail  of  a  trilobite  which  is  named  Bikelocepkalus  t^smanicus  (p.  loo). 


'  R*»<«»nlH  of  the  Geological  Survey  of  India,  vol.22,  188»,  pp.  15J-157. 

»Op.  «it.,p.  157. 

■  MoMioirMol  (Ji'ol.  Siirv.,  India.    Pnlajontolop^ia  Indtr4»,  ser.  xili,  vol.  1, 1887,  pp.  76^-770. 

*R«coidM  oi  the  (looloKiciil  Survey  of  India.  voL  22, 1889,  p.  154. 

»Op.o.it.,p.  157. 
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Another  pygidinm  is  identified  as  belon^ng  to  the  genns  Asaphns,  and 
small  nnivalves  which  have  the  appearance  of  the  genus  Ophileta,  of 
Vannxem.^  •* 

The  trilobites  and  the  gasteropods  are  correlated  with  the  Upper 
Cambrian  flaana  of  America  and  Great  Britain,  to  the  Potsdam  sand- 
stone in  America  and  the  Lingnla  flags  of  Wales. 

In  1884  Dr.  Henry  Woodward  described  some  trilobites  from  the 
Parara  limestone  of  the  Torke  Peninsnla,  South  Australia,  Oonocepha- 
lites  austrdlis  and  Dolichonietcpus  tatei.^  He  concludes  that  the  trilo- 
bites are  clearly  of  Lower  Silurian  age,  being  equivalent  to  the  Swedish, 
Bohemian,  Tasmanian,  and  North  American  beds  with  similar  fossils. 

A  recent  paper  by  Mr.  K.  Etheridge,  jr.,  on  some  Australian  sfiecies 
of  the  family  Archteocyathinao  describes  the  presence  of  several  species 
of  that  family  in  association  with  trilobitic  remains  at  Ardrassau,  Yorke 
Peninsula,  South  Australia.  The  species  described  are  Uthmophyllum 
hindeij  Protopharetra  f  scoulari  and  CoscinocyathuH  tatei? 

The  strata  containing  the  fossils  are  correlated  with  the  Potsdam 
horizon  sandstone  of  America  or  the  Liugula  flags  of  Wales.  From 
the  stratigraphic  position  of  the  American  forms  of  Bthmopliyllum 
and  Goscinocyathus  it  is  quite  probable  that  the  Australian  species 
belong  to  the  Lower  Cambrian  fauna  and  not  to  the  Upper,  as  identi- 
fied by  Mr.  Etheridge. 

SOUTH  AMERICA. 

In  1876  Dr.  Emanuel  Kayser  described  a  small  collection  of  Primor- 
dial fossils  made  in  the  northern  portion  of  the  Argentine  Kopublic,  in 
the  provinces  of  Salta  and  Jujuy,  by  Prof.  Lorentz  and  Dr.  Hyeroni- 
mus,  of  Cordova.  The  fossils  occur  in  a  micaceous  sandstone,  and  in- 
clude the  genera  Lingula,  Obolus,  Orthis,  Hyolithes,  Arionellus,  Agnos- 
tus  and  Olenus.^  Dr.  Kayser  compares  the  fauna  with  that  of  the  north 
of  Europe  and  North  America,  and  concludes  that  it  belongs  to  the  upper 
zone  of  the  Primordial.  He  calls  attenti  on  to  the  fact  that  the  genus 
Paradoxides  is  wanting  and  that  Olenus  appears  in  great  numl>ers. 
«*This  fact  seems  to  indicate  that  our  fauna  belongs  to  the  upper  Pri- 
mordial zone  or  the  Olenu  s  stage.^ 

A  glance  at  PI.  i,  of  Dr.  Kayser's  memoir  proves  that  he  is  correct  in 
the  reference  and  that  the  fauna  is  of  the  ty])e  of  the  Upper  Cambrian. 
From  the  geographical  position  and  character  of  the  fauna  it  is  (|uite 
probable  that  Cambrian  formations  will  be  found  on  the  eiistern  8loi>e 
of  the  Andes,  as  well  as  the  Cordillera  of  Central  America  and  Mexico, 
if  not  concealed  by  later  deposits. 


>  Papeni  aud  Proo.  Royal  Soc.  TaHmania  fur  1882, 1K83,  pp.  151-158. 

'Noto  on  the  remains  of  trilohiteH  from  Sonth  Australia.  Geol.  MaK.,new  series,  doo.  iii,  toI.  1, 
1884.  pp.  342-344. 

*On  some  Anstralian  species  of  the  family  Archscocyathiiio).  Trans.  R(>y.  Soc.  Sonth  Australia, 
vol.  13, 1890,  pp.  10-23,  Pis.  II  and  III. 

^BeitraKO  Kur  (reoloeie  and  Palaeontolosie  der  Argeutiniachcn  Repablik;  O.  Palaeonttilogiscbe 
Theil. ;  Ton  Dr.  Emanuel  Kayser,  Casael,  187C,  pp.  28. 

•Op.oit,p.2». 
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CHAPTER  V. 

PROBLEMS  FOR  INVESTIGATION  AND  SETTLEMENT. 

I.^Loeal  probleaiR  wltkla  the  boMItIaIoii  of  eMk  proTinee. 

n.—Problems  afredlBir  onr  kaowledfre  of  tke  Caabrlaii  group  as  a  whole  or  1b  large  parts. 
111.— ProhlOMB  or  BoaienelatBre  aad  claiBllleatloB. 

LOCAL  PROBLEMS. 

There  are  many  local  problems  that  are  not  mentioned  in  the  follow- 
ing notes.  With  the  settlement  of  the  more  important  qaestions  they 
will  assume  prominence,  and  some  of  them  may  prove  to  be  equal  to 
if  not  of  more  import  than  those  now  suggested  for  investigation. 

Newfoundland, — ^The  prominent  questions  are : 

(1)  The  determination  of  the  relation  of  the  Cambrian  rocks  of  St 
Mary's  and  Trinity  Bays  to  the  basal  conglomerate  in  the  Mannel-s 
Brook  section,  to  ascertain  if  a  series  of  Cambrian  strata  occurs  between 
the  lowest  recognized  Cambrian  on  Conception  Bay  and  Manuel's  Brook 
and  the  pre-Cambrian  rocks  of  Trinity  and  St.  Mary's  Bay,  as  thought 
by  the  Newfoundland  geologists.  If  such  a  series  be  found  its  fauna 
should  be  carefully  collected  and  studied  with  reference  to  its  being 
basal  Cambrian  or  pre-Cambrian. 

(2)  The  discovery  of  an  unbroken  stratigraphic  section  to  prove  the 
assumed  relations  of  the  Paradoxides  fauna  to  the  Upper  Cambrian 
fauna.  This  will  probably  be  found  in  the  vicinity  of  or  on  the  shores 
of  the  peninsula  west  of  St.  Mary's  Bay  and  the  shores  of  Placentia 
Bay. 

(3)  The  determination  on  the  west  and  northwest  sidQ3  of  the  island 
of  the  relations  of  the  Olenellus  bearing  strata  to  the  subjacent  and 
superjacent  beds  and  the  character  of  the  section  from  its  base  to  the 
limestone  carrying  the  Calciferous  fauna  of  the  Silurian  (Ordovician). 

(4)  The  study  of  the  geographic  distribution  and  detailed  sections  of 
the  strata  on  the  southwestern  and  northeastern  coasts. 

(5)  The  relations  of  the  Cambrian  strata  to  the  superjacent  beds  of 
the  Silurian  (Ordovician)  wherever  they  can  be  found  in  the  same  sec- 
tion. 

Nora  Scotia. — The  important  question  in  Nova  Scotia,  as  in  Maine 
and  New  IIam])shire,  is  the  determination  of  the  geological  age  of  the 
slat^^s  referred  provisionally  to  the  Cambrian.  After  this  come  the 
local  dc^tails  of  the  sedimentation  and  paleontology  of  the  Cambrian 
ternuie.  UuiW  the  first  is  decided  very  little  except  conjecture  can  be 
used  in  the  correlation  of  the  slat(»s  with  the  Cambrian  or  other  groups. 
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New  Brunnwick. — Through  the  efTorts  of  Mr.  6.  F.  Matthew  many  of 
the  problems  relaiiug  to  the  Cambrian  system  iu  New  Brunswick  have 
been  successfully  solved.    More  information  is  needed  for — 

(1)  The  clearer  identidcatiou  of  the  Lower  Cambrian  or  Olenellus 
zone  and  its  exact  stratigraphic  relations  to  the  Paradoxides  zone. 

(2)  A  clearer  determination  of  the  Upper  Cambrian  fauna  and  its  re- 
lations to  the  Paradoxides  zone. 

(3)  It  is  desirable  that  more  data  should  be  obtained  npon  the  zo- 
ologic  relations  of  the  different  faunas  to  each  other. 

jMaine  and  New  HampHhire. — ^The  problem  presented  in  Maine  and 
New  Hampshire  is  essentially  of  the  same  character  as  that  presented 
iu  Nova  Scotia.  It  is  the  determination  of  the  presence  of  rocks  of 
Cambrian  age  by  paleoutologic  evidence.  Until  this  is  done  the  other 
problems  of  stratigraphio  succession  and  geographic  distribution  of  the 
strata  and  faunas  can  not  be  considered. 

JEastem  Masaaohusetts, — In  eastern  Massachusetts  it  is  desirable  to 
ascertain — 

(1)  The  stratigraphio  relations  of  the  strata  carrying  the  Olenellus 
fauna  and  Paradoxides  fauna  and  decide  whether  the  Upper  Cambrian 
is  representeil  in  the  region. 

(2)  To  obtain  more  paleontologic  data  in  order  to  correlate  the  vari- 
ous outcrops  that  have  been  referred  to  the  Lower  and  Middle  Cambrian 
in  ditl'ereut  portions  of  the  Boston  Basin  and  to  the  south-southwest 
toward  the  Ilhode  Island  line. 

(3)  To  identify  and  map  the  Cambrian  rocks  in  detail. 
New  York, — In  New  York  it  is  desirable  to  ascertain — 

(1)  The  exact  relation  of  the  strata  carrying  the  Olenellus  fauna  to 
those  carrying  the  Upper  Cambrian  or  Potsdam  fauna  about  the  Adi- 
rondacks. 

(2)  The  stratigraphio  succession  and  thickness  of  the  strata  carrying 
the  Olenellus  fauna  in  Rensselaer  and  Washington  Counties,  and 
whether  the  Middle  and  Upper  Cambrian  can  be  recognized  either  by 
the  faunal  or  lithologic  characters. 

(3)  The  geographic  distribution  of  the  Cambrian  rocks  in  the  Hud- 
son Valley  south  of  Rensselaer  County. 

Adirondack  auhprovince. — The  most  important  problem  in  connection 
with  this  Hubprovince  is  the  tracing  of  the  transition  from  the  sand- 
stone of  the  Potsdam  about  the  Adirondacks  to  the  off-shore  deposit 
represented  by  the  shales  and  slates  now  found  beneath  the  limestone 
of  the  marble  belt  of  western  Vermont  and  eastern  New  York.  More 
extensive  collections  of  fossils  are  also  desirable  for  the  purpose  of  in- 
stituting closer  correlations  between  the  faunal  zones  of  the  typical 
Potsdam  section  of  the  Adirondacks  with  that  of  the  correlated  sand- 
stone of  tlie  Mississippi  Valley  and  elsewhere. 

Vermont. — Jn  Vermont  the  problems  presented  for  study  in  connec- 
tion with  the  Cambrian  rocks  are  somewhat  of  the  same  type  as  those 
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of  New  York.    They  dififer  iu  the  northern  portion,  owing  to  the  vary- 
.  '^  lug  chanifCter  of  the  Hediuieut.    Some  of  the  questions  are — 

-|  (1)  The  relation  of  the  lower  band  of  limestone  (^^Bed  saadrock"), 

i  bearing  the  Olenellus  faana,  to  subjacent  rocks. 

(2)  The  relation  of  the  shore  deposits^  forming  the  ^<  Granular  Qaartz" 
on  the  western  slope  of  the  Green  Mountains,  to  the  off-shore  deposits, 
forming  the  limestones  (''Bed  Sandrock")  and  shales  (Georgia,  etc.) 

I  \  \  carrying  the  Lower  and  Upper  Cambrian  faunas,  in  northern  Vermont. 

(3)  The  change  in  character  of  the  sedimentation  of  the  Cambrian 
.  I  I            rocks  from  the  northern  to  the  southern  part  of  the  State  and  their 

transition  into  the  shale  and  slate  senes  of  New  York. 

(4)  The  determination  of  the  extent  of  the  range  of  the  Cambrian 
j            fauna  in  the  limestones  of  the  ''  marble  belt '^  in  southern  Vermont  and 

the  relations  of  these  beds  to  the  subjacent  Cambrian  strata  on  the 
western  side  of  the,''  marble  belt."    The  latter  involves  the  question 
of  the  relation  of  the  slates  and  shales  carrying  the  Olenellus  fauna  and, 
2  in  part,  the  base  of  what  may  be  a  portion  of  the  Middle  Cambrian 

;  fauna  to  the  limestones.    The  working  out  of  the  comi)licated  struc- 

tural geology  and  the  ideutiiication  and  mapping  of  all  the  formations 
will  be  required  in  the  solution  of  these  problems. 

(5)  The  determination  of  the  absence  or  presence  of  paleontologic 
data  sufiicientto  differentiate  the  three  primary  divisions  of  the  Cam- 
brian group. 

(6)  The  detailed  geographic  distribution  of  the  formations  referred 
to  the  Cambrian  throughout  the  State. 

Canadian  extension, — The  Cambqan  group  on  the  line  of  the  Cana- 
dian extension  north  of  Vermont,  in  the  vicinity  of  Quebec  and  down 
the  St.  Lawrence  River,  requires  detailed  study  in  all  its  parts,  both  to 
determine  the  stratigrax)hic  succession  and  character  of  the  beds  and 
the  relation  of  the  strata  to  the  subjacent  and  superjacent  series.  One 
of  the  important  problems  presented  is  the  determination  of  the  origin 
of  the  limestone  bowlders  in  the  Point  Levis  conglomerate  that  carry 
the  Upper  Cambrian  fauna,  and  those  of  the  Sillery  shale  that  carry 
the  Lower  Cambrian  or  Olenellus  fauna.  In  fact,  the  entire  Cambrian 
group  of  this  portion  of  Canada  requires  full  investigation. 
\m  I{cw  Jersey. — In  New  Jersey  it  is  desirable  to  ascertain  : 

(1)  The  relation  of  the  quartzite  that  has  been  referred  to  the  Pots- 
dam, to  the  subjacent  Green  Pond  Mountain  rocks. 

(2)  The  representatives  in  New  Jersey  of  the  Pennsylvania  Primal 
slates  of  Prof.  Rogers. 

rennsylvania. — In  the  State  of  Pennsylvania  attention  should  be 
given  : 

(1)  To  determining,  by  paleoutological  evidence,  the  exact  age  of  the 
(piartzite  which  has  been  referred  to  the  Potsdam  sandstone  by  all 
(^1  authors. 

'^1  (2)  To  a  careful  study  of  the  upper  Primal  slate,  for  the  purpose  of 

'^''^terminiug  the  line  of  demarcation  between  the  Cambrian  and  Silu- 
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rian  (Ordovician)  rooks.  This,  apparoDtly,  will  have  to  be  based  upon 
the  paleontological  evidence,  as  the  stratigraphic  series  is  unbroken 
and  there  is  a  gradual  gradation  between  the  schists  or  slates  and  the 
limestone  by  the  intercalation  of  calcareous  beds  in  the  shales  until  the 
latter  predominate  and  form  the  limestone  series.  This  investigation 
can  probably  be  best  carried  on  in  York  and  Adams  Counties  and  the 
western  portion  of  Lancaster  Oounty. 

(3)  The  relation  of  the  quartzite  to  the  subjacent  rocks  also  recjuires 
careful  investigation  all  along  the  line  of  contact  of  the  two  terranes. 

(4)  Another  problem  that  requires  investigation  is  whether  the  Pri- 
mal slates  and  schists  graduate  into  limestones  to  the  east  and  north- 
east of  Lancaster  County,  or  whether  there  is  a  line  of  uncoiiiforwit}', 
by  non-deposition,  between  the  quartzite  and  limestone  in  Chester, 
Berks,  Bucks,  Lehigh,  and  Northampton  Counties.  In  other  words, 
whether  the  portion  of  the  Cambrian  section  as  found  in  York  and 
Adams  Counties  is  absent  in  the  counties  to  the  northeast,  or  if  it  be 
represented  by  the  lower  portion  of  the  limestone  series. 

Virginia. — The  knowledge  of  the  stratigraphic  position  of  the  rocks 
referred  to  the  Cambrian,  in  Virginia,  is  in  a  much  more  satisfactory 
condition  than  that  of  Pennsylvania.  It  is  desirable,  however,  that 
attention  be  given  to : 

(1)  The  changes  in  the  character  of  the  sedimentation  from  the  Ten- 
nessee line  north  to  the  Potomac,  and  also  the  changes  in  the  character 
of  the  sediment  between  the  shore  deposits  of  sand  and  conglomerate 
and  the  off-shore  deposits  of  shale  and  calcareous  matter. 

(2)  The  paleontologic  evidence  of  the  gex)logic  age  of  the  strata  re- 
ferred to  the  Cambrian,  is  very  defective,  and  investigation  in  this  line 
should  be  made  throughout  the  State. 

North  Carolina. — The  problems  to  be  considered  in  North  Carolina 
are: 

(1)  The  section  along  the  French  ^road,  so  as  to  determine  the  age 
of  the  strata  and,  if  Cambrian,  ascertain  the  stratigraphic  position  of 
the  limestones,  shales,  sandstones,  and  quartzite  to  each  other  and  to 
the  sections  of  eastern  Tennessee. 

(2)  About  the  same  problem  is  presented  in  the  rocks  on  the  line  of 
the  lliwassee  section,  in  the  southwestern  portion  of  the  State. 

Tennessee. — The  (juestious  requiring  investigation  in  Tennessee  are: 

(1)  The  stratigraphic  relations  of  the  Chilhowee  formation  to  the 
Knox  sandstone  and  Shale  series. 

(2)  The  relations  of  the  eastern  shore  deposits  to  the  off-shore  deposits 
westward  of  the  pre-Cambrian  rocks. 

(3)  The  collection  and  the  study  of  the  faunas  of  the  Chilhowee  and 
Knox  shale  formations. 

(4)  The  geograi>hic  distribution  of  the  strata  and  the  vertical  range 
of  the  faunas. 

Georgia  and  Alabama. — The  entire  Cambrian  section  of  Georgia  and 
Al^b^ma  needs  to  be  worked  out  stratigraphically,  especially  the  rela- 
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tioo  of  the  Cooaa  Valley  shales  to  the  qiiartzites  referred  to  the  Obi 
howee  formation  of  TeaneHsee.  The  fuuua  of  the  shales  is  large  an 
vurled,  and  should  be  studied  in  connectiou  with  that  of  the  Cambria 
section  of  Tennessee  and  "Sew  York. 

Utah  and  Nevada. — The  problems  awaitlDg  solotioD  in  the  study* 
the  Cambrian  rooks  of  Nevada  and  Utah  ore  of  aa  aQosually  intereatin 
character.    Those  that  suggest  themselves  are: 

(1)  The  study  of  the  basal  beds  of  the  Ga  mbrian,  and  the  possible  ei 
tension  of  the  Oleuellns  tauna  down  iato  the  quartsite  seriea  beneat 
what  ia  now  recoguized  as  the  Oleaellos  zone.  From  all  that  is  knov 
to  me  of  the  rooks  in  Nevada  and  Utah,  I  think  tbat  in  western  oeutn 
Nevtwla  tite  best  opportunity  will  be  fonad  for  tbe  discovery  of  th 
faunas  preceding  the  present  recognized  base  of  the  Oambrijui.  Dui 
ing  later  Algonkian  time  there  appears  to  have  been  a  great  accumi 
lation  of  arenaceous  and  siliceous  sediments  along  the  line  of  the  Wi 
satch  and  extending  westward  into  central  Nevada.  In  western  Nevad 
tliey  are  wore  shaly  and  calcareous,  and  it  is  possible  that  tbe  oond 
tioiis  under  which  they  were  deposited  were  more  favorable  for  th 
presence  nud  preservation  of  the  life  of  that  period. 

(2)  The  careful  and  detailed  study  of  the  great  Cambrian  sectjon  ( 
central  Nevada  for  the  purpose  of  determining  the  fall  aeqaence  of  lil 
throughout.  Uar  prese  nt  knowledge  of  it  is  very  inoomplete,  and  thei 
are  many  gaps  tltat  ca  n  probably  be  filled  in  by  detailed  work  and  th 
careful  collection  of  the  fanna  in  connection  with  the  study  of  strat 
graphy  and  sedimentation. 

{S)  Tlic  study  of  the  sections  from  tbe  Wasatch  westward  to  weeter 
Nevada  for  the  purpose  of  determining  the  change  of  sedimentation  au< 
life  from  east  to  west. 

(4)  Another  important  subject  of  investigation  is  the  transition  Ix 
twcen  the  Upper  Cambrian  iind  Ordovician  faunas.  This  bas  l>een  pai 
tiiill.v  worked  oat  in  tbe  Eureka  district  sectiou,  but  there  still  remain 
much  to  be  learned  by  careful  detailed  study  of  the  sediments  aui 
fauiia»(  in  the  Acid. 

(5)  One  of  the  unsolved  i)roblems  of  Utah  is  the  question  of  the  gee 
logical  age  of  the  (iuarl/,tte  beneath  the  Carboniferous  limestone  sai 
rounding  tlie  main  tiuartzitc  series  of  the  Uinta  Mountains.  It  i 
iu'dbable  tliut  ttiertt  is  a  series  of  Cambrian  rocks  beneath  the  limeston 
and  above  the  i|iiurt/.ite  as  in  the  Big  Cottonwood  Canon  section  of  th 
WaKiiti-li  Kuijf^e;  liiit  it  will  remain  an  open  question  until  paleoub 
logic  evidence  is  obtained. 

Colorii'h. — Investigation  in  Colorado  should  be  directed  toward  dii 
covering  fossilH  in  tbe  strata  referred  to  the  Upper  Cambrian  zone,  an 
to  vi'Lif'.viiig  the  exact  stratigraphic  position  of  the  beds  carryin 
Dikelori'jiliJihiK  at  (jjiandary  Peak. 

livrlci/  Miiunlin'm. — In  the  eastern  district  of  the  Kocky  Mountai 
Province  it  in  desirable  that  close  study  should  be  made  of  the  varioo 
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sections  of  the  eastern  ranges  of  Colorado^  Wyoming,  and  Montana, 
for  the  purpose  of  detecting  the  presence  and  character  of  the  fauna  as 
a  means  of  correlating  the  strata  with  those  of  the  Black  Hills  and  the 
api>er  Mississippi  Valley.  On  the  western  side,  in  southeastern  Idaho, 
the  Gallatin  Biver  section  needs  special  investigation  in  order  to  cor- 
relate it  with  the  sections  of  Kevada. '  Beference  to  what  is  required  in 
Utah,  Nevada,  and  Colorado  has  already  been  made. 

Arizona. — It  is  desirable  that  larger  collections  should  be  made  from 
the  lower  sandstone  of  the  Gambrian  section  in  the  Grand  Gauou  area, 
and  that  the  geographic  distribution  of  the  Gambrian  in  western  Arizona 
be  determined. 

Upper  Mississippi  VtMey. — ^Through  the  work  of  the  Wisconsin  and 
Minnesota  surveys  our  knowledge  of  the  Upper  Gambrian  sandstone  is 
unusually  complete.  It  is  desirable  that  more  information  should  be 
obtained  in  relation  to  the  distribution  of  the  fauna  in  the  section  and 
to  ascertain  whether  the  Middle  Gambrian  fauna  accompanied  the  in- 
vasion of  the  sea  that  deposited  the  lowest  beds  of  the  terrane. 

To  determine  the  age  of  the  sandstones  on  the  south  shore  of  Lake 
Superior  it  is  still  necessary  to  obtain  paleontologic  evidence  to  enable 
the  geologist  to  state  positively  that  the  sandstones  are  the  geologic 
equivalent  of  the  fossiliferous  sandstone  of  the  central  area  of  Wiscon- 
sin. It  is  also  desirable  to  trace  the  continuation  of  the  recognized 
fossiliferous  Upper  Cambrian  sandstone  directly  west  of  Green  Bay, 
Wisconsin,  with  that  occurring  on  the  south  shore  of  Lake  Superior. 
The  definite  setllemeut  of  these  two  problems  will  remove  what  has  long 
been  the  source  of  contention  among  geologists. 

Missouri, — It  is  desirable  that  the  exact  line  of  demarcation  between 
the  Upper  Cambrian  and  Silurian  (Ordovician)  zones  should  be  deter- 
mined and  more  positive  paleontologic  data  be  obtained  of  the  relative 
stratigraphic  position  of  the  beds  with  those  of  other  areas  that  are 
now  referred  to  the  Gambrian. 

Texas. — The  information  in  relation  to  the  Cambrian  area  of  central 
Texas,  in  Llano  County,  is  sufficient  for  most  geologic  purposes,  although 
more  detailed  information  as  to  the  horizontal  distribution  of  the  fauna 
and  the  presence  or  absence  of  the  Middle  Cambrian  fauna  is  desirable. 
The  principal  question,  however,  is  the  investigation  of  the  supposed 
Cambrian  in  the  vicinity  of  El  Paso  and  the  southwestern  portion  of 
the  State. 

PROBLEMS  AFFECTING  OUR  KNOWLEDGE  OF  THE  CAMBRIAN  GROUP 

AS  A  WHOLE  OR  IN  LARGE  PARTS. 

A  glance  at  the  map  delineating  the  distribution  of  the  Cambrian 

strata  as  shown  by  outcrops  in  North  America,  PI.  i,  reveals  at  once 

the  fact  that  we  are  dealing  almost  entirely  with  a  marginal  or  coast 

series  of  sediments  that  are  largely  covered,  over  great  ^reas,  by  latw 
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deposits.  It  IS  only  here  and  there  that  a  deep-seated  disturbance  has 
brought  up  the  sediment  that  accumalated  at  some  distance  from  the 
shore  hne.  In  Vermont  and  Nevada,  especially  in  the  latter,  the 
calcareons  sediments  forming  the  limestone  have  been  brought  to  the 
surface.  In  the  great  interior  area  of  Wisconsin,  Missouri,  Texas,  and 
the  eastern  front  of  the  Bocky  Mountains  and  the  northern  line 
between  Canada  and  New  York  nothing  is  known  of  the  deeper  water 
deposits,  if  any  such  existed. 

We  know  something  of  the  sediments  that  accumulated  along  the 
western  shore  line  of  the  Appalachian  protaxis ;  but  what  was  de- 
posited over  the  area  of  which  Ohio,  Indiana,  Kentucky,  Tennessee, 
northwestern  Alabama,  Mississippi,  northern  Texas,  Indian  Territory, 
Kansas,  and  Nebraska  forms  a  part  we  know  nothing. 

From  the  fact  that  in  Texas,  Missouri,  the  Upper  Mississippi  Valley, 
along  the  eastern  front  of  the  Bocky  Mountains,  and  in  New  York  and 
Canada  west  of  the  Adirondacks  the  deposits  are  such  as  would 
accumulate  in  a  shallow  sea  not  far  distant  from  the  shore  line  it  has 
been  assumed  that  the  Cambrian  ocean  of  this  great  area  was  rela- 
tively shallow.  I  think  that  during  Lower  and  Middle  Cambrian  times 
the  entire  interior  continental  area  was  above  the  sea  level.  These 
opinions  are  based  on  the  character  of  the  deposits  and  the  absence  of 
the  sediments  of  the  Lower  and  Middle  Cambrian.  The  great  problem 
in  this  connection,  however,  is  to  determine  how  far  the  pre-Cambriau 
continent  extended  to  the  south  aud  east  and  what  its  relations  were 
to  the  oftshore  ridges  of  the  eastern  and  western  margins,  along  which 
we  now  find  deposits  of  Lower  and  Middle  Cambrian  age. 

A  careful  study  of  the  sections  in  Pennsylvania,  Virginia,  Tennessee, 
Georgia,  and  Alabama  may  throw  some  light  upon  the  question  on 
the  southeastern  side.  Over  the  remaining  portions  of  the  great  cen- 
tral area  no  natural  outcrops  are  known,  and  there  seems  to  bo  no  way 
of  obtaining  information  except  by  very  deep  borings. 

The  question  of  the  relations  of  the  Middle  Cambrian  fauna  of  the 
Atlantic  Coast  Province  to  that  of  the  Appalachian  and  Kocky  Moun- 
tain Provinces  is  one  that  can  be  settled  only  by  a  close  and  careful 
study  of  the  faunas,  based  on  large  collections  methodically  made 
throughout  the  entire  areas  of  the  three  provinces.  That  the  Middle 
Cambrian  or  Paradoxides  fauna  of  the  Atlantic  Coast  Province  is  rei»- 
resented  by  a  very  different  fauna  in  the  Rocky  Mountain  Province 
there  is  not,  I  think,  any  question.  It  is  also  well  proved  that  the 
k  latter  fauna  is  present  to  a  less  extent  in  the  Appalachian  Province. 

Throughout  the  Rocky  Mountain  Province,  except  in  British  Colum- 
bia, the  Olenellus  or  Lower  Cambrian  fauna  is  conlined  to  a  very  nar- 
row zone,  while  in  Vermont  it  ranges  through  1,000  feet  of  limestone 
and  up  into  the  superjacent  shales.  In  New  York  it  has  a  range  through 
a  great  thickness  of  shales,  slates,  interbedded  limestones,  and  sand- 
stones; and  one  of  the  i)roblcms  requiring  investigation  is  the  downward 


WALC0TT.1  PROBLEMS  FOR  INVESTIGATION.  387 

extension  of  this  fiiuua  in  the  series  of  shales,  slates,  and  sandstones 
beneath  the  now  known  Olenellas  horizon  of  the  western  Kocky  Moan* 
tain  Province.  The  lower  series  of  slates  and  quartzites  have  been 
tentatively  referred  to  the  Algonkian,  but  it  is  qnite  probable  that 
they  will  be  found  to  carry  the  Olenellas  &ana  to  a  considerable  depth, 
and  a  pre-Olenellas  fauna  may  yet  be  discovered. 

The  problem  of  the  downwiurd  extension  of  the  Cambrian  faunas  also 
requires  investigation  in  the  Appalachian  Province,  especially  in  the 
sonthem  portion — ^in  Tennessee,  Georgia,  and  Alabama.  The  basal 
limit  of  the  Cambrian  is  now  drawn  at  the  Olenellas  zone,  but  in  the 
absence  of  any  subjacent  fauna  there  still  remain  the  problems  of  the 
downward  extension  of  the  Cambrian  fauna  and  of  the  existence  of  a 
pre-Cambrian  fauna  that  may  have  lived  in  the  Appalachian  seas. 

A  local  question  of  interest  may  be  here  introduced,  as  it  affects  a 
considerable  area  and  involves  conditions  of  sedimentation  unknown 
elsewhere  in  the  Cambrian.  It  is  the  question  of  the  place  of  deriva- 
tion and  mode  of  transi)ortation  of  the  bowlders  of  the  limestone  con- 
glomerates that  carry  in  the  lower  zone,  the  Lower  Cambrian,  and  in  the 
upper  zone  the  Upper  Cambrian  fauna  found  along  the  southern  shore 
of  the  St.  Lawrence  Eiver  from  Quebec  to  Gasp6. 

One  of  the  problems  partially  solved,  and  one  that  still  requires  in- 
vestigation, is  the  relation  of  the  pre-Cambrian  topography  to  the  sedi- 
ments deposited  upon  it,  to  determine  the  source  of  sediments  and  the 
habitat  of  the  faunas. 

Along  the  Atlantic  coast  the  presence  of  the  pre-Cambrian  shore  line 
with  a  varied  coast  topography  is  clearly  distinguishable,  and  it  is  evi- 
dent that  the  Cambrian  strata  now  occupy  the  same  relative  position  to 
the  pre-Cambrian  as  the  sediments  did  when  they  were  deposited.  Tlie 
same  is  true  of  the  shore-line  deposits  along  the  western  margin  of  the 
Appalachian,  pre-Cambrian  protaxis,  and  the  sediments  about  the  Adi- 
rondack area.  Between  the  Adirondacks  and  the  Green  Mountains  a 
great  thickness  of  Cambrian  rocks  appears  to  have  been  deposited  in  a 
deep,  relatively  narrow  sea;  but  what  the  conditions  were  to  the  west- 
ward of  the  long  line  of  the  eastern  boundary  of  the  Appalachian  Prov- 
ince is  one  of  the  questions  requiring  solution.  The  same  is  true  of  the 
western  limits  of  the  sediments  now  exposed  in  the  great  uplifts  of 
central  Nevada  and  British  Columbia. 

The  questions  arising  from  the  study  and  comparison  of  the  various 
provinces  all  require  a  more  thorough  investigation  of  the  sectioos  of 
the  western  Rocky  Mountain,  Appalachian  and  Atlantic  Coast  Prov- 
inces. They  bear  upon  the  nomenclature  and  classitication  to  be  adopted 
for  the  Cambrian  group ;  and  not  until  we  have  a  more  thorough  knowl- 
edge of  the  sections  of  northern  Vermont,  New  York,  Tennesse,  British 
Columbia,  and  Nevada  can  the  classification  be  considered  more  than  a 
provisional  one. 
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PBOBLEMS  OF  NOMENOLATX7SE  AND  CLASSIFICATION. 

The  name. — It  is  still  a  debatable  question  ^ith  a  few  geolopnsts, 
whether  wo  shall  follow  the  present  general  usage  and  use  the  name 
Cambrian  group^  with  the  area  of  Cambrian  in  Wales,  as  its  type  and 
I  t  the  descriptions  of  Prof.  Adam  Sedgwick  as  the  classical  description  of 

';  <;  the  group,  or,  in  opposition  to  this,  adopt  the  name  Taconic,  proposed 

i  j  ^  by  Dr.  Ebenezer  Emmons,  with  the  area  of  Berkshire,  Rensselaer,  and 

Washington  Counties,  east  of  the  Hudson  River,  in  New  York,  as  the 
type,  and  the  papers  of  1842  and  1844  of  Dr.  Emmons  as  the  classical 
description  of  the  group. 

While  recognizing  the  fact  that  the  name  Taconic  has  certain  claims 
upon  the  sentiment  of  Americans,  I  have  stated  elsewhere  that  I  think 
the  interests  of  geology  are  best  served  by  adopting  the  term  Cambrian, 
as  has  been  done  by  the  great  majority  of  geologists. 

The  limit  of  the  group. — ^The  delimitation  of  the  upper  limit  of  the 
.  >  group  by  geologists  who  recognize  it  as  distinct  from  the  superjacent 

Silurian  (Ordovician)  has  varied  to  the  extent  of  placing  the  arenaceous 
deposits  of  the  shore  line,  or  the  strata  referred  to  the  Potsdam  sand- 
stone, in  the  Silurian,  or  including  the  supeijacent  Calciferous  forma- 
tion in  the  Cambrian.  To  a  large  extent  this  difference  of  opinion  is 
based  upon  the  evidence  of  the  local  physical  conditions  of  sedimenta- 
tion, and  not  upon  the  included  faunas.  If  we  adopt  as  the  principle  of 
classification  that  the  delimitation  of  the  great  geological  groups  must 
rest  upon  the  broad  zoological  characters  of  their  included  faunas  and 
not  on  local  stratigraphic  breaks  between  certain  series  of  rocks,  or  on 
local  differences  of  sedimentation,  the  line  of  demarkation  between  tbe 
Cambrian  and  Silurian  (Ordovician)  is  to  be  drawn  where  the  marked 
cliaracters  of  the  Cambrian  fauna  give  way  to  those  of  tlie  Ordovician. 
That  this  i)riuciple  is  the  only  sound  one  upon  which  to  base  the  delim- 
itation of  a  group  is  proved  by  the  fact  that  there  is  no  other  relatively 
constant  character  upon  which  to  rely  in  geologic  classification.  That 
it  is  often  arbitrary  is  known  to  all  working  geologists. 

The  line  of  demarcation  along  the  northern  and  eastern  sides  of  the 
Adirondacks  is  between  the  upper  beds  of  the  I^otsdam  sandstone  and 
the  calcareous  layers  of  the  Calciferous  formation.  On  the  south  side, 
in  Saratoga  County,  it  is  drawn  in  a  series  of  limestones,  where  the 
characteristic  Ui)per  Cambrian  fauna  disappears  and  the  types  of  the 
Silurian  (Ordovician)  fauna  appear.  In  western  Vermont,  20  niile^ 
from  where  the  division  is  made  between  the  Potsdam  and  Calciferous 
formations,  the  line  is  drawn  in  a  series  of  black  argillaceous  shales, 
somewhere  between  a  horizon  carrying  characteristic  Upper  Cam- 
brian fossils  and  another  horizon  some  distance  above,  in  which 
characteristic  Calciferous  fossils  are  found.  In  the  Southern  Appala- 
chian Province,  in  East  Tennessee,  the  line  of  demarcation  is  not  at  the 
base  of  the  limestone  series,  but  at  a  point  in  the  lower  portion  of  it, 
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where  the  characteristic  Upper  Oambrian  flAana  disappears  and  the 
Silariaii  (Ordovician)  faana  be^ns  to  predominate.  This  same  prin- 
<siple  of  demarcation  is  followed  in  the  limestone  series  of  central 
Nevada,  while  over  the  interior  continental  area  it  is  larf^ely  drawn  at 
the  summit  of  the  sandstone  carrying  the  Upper. Cambrian  fauna  and 
at  the  base  of  the  limestone  in  which  the  Galciferous  fauna  occurs.  In 
some  instances,  however,  the  Upper  Oambrian  fauna  extends  up  into 
the  Griciferons  beds,  and  in  such  the  line  of  demarcation  occurs  in  the 
Galciferous  zone. 

It  is  not  always  possible  to  delineate  on  the  map  such  close  lines  of 
demarcation  within  a  formation,  and  for  the  sake  of  conveuicnco  it 
may  be  well  to  map  the  formation  by  their  lithologic  characteristics  and 
describe  in  the  text  the  line  of  delimitation  between  the  groups.  When, 
however,  the  line  between  two  groups  occurs  in  a  limestone,  as  in  the 
Pogonip  limestone  of  the  Eureka  district,  Nevada,  and  there  is  suffi- 
cient paleontologic  evidence  to  demonstrate  it,  the  line  should  be  drawn 
on  the  map  at  the  point  indicated  by  the  faunas. 

The  problems  in  connection  with  the  delimitation  of  the  summit  of 
the  Cambrian  group  remain  to  be  studied  in  nearly  all  portions  of  the 
various  provinces.  In  some  they  are  fairly  well  settled,  but  there  still 
remains  much  to  be  done  in  the  way  ot  collecting  the  faunas  and  study- 
ing their  vertical  distribution  in  the  strata. 

Is  the  basal  line  of  the  Cambrian  group  at  the  lowest  limit  at  which 
the  Olenellus  fauna  is  found  t  Where  this  lowest  limit  occurs  at  the 
base  of  a  conformable  series  resting  unconformably  upon  pre-Cambrian 
rocks  there  is  no  difficulty  in  answering  the  question.  But  where  it 
occurs  in  the  midst  of  a  conformable  series  and  there  remain  thousands 
of  feet  of  sediments  beneath  the  Olenellus  zone,  as  in  Nevada  and  Utah, 
it  still  remains  a  problem  for  consideration.  On  the  general  proi)osi- 
tion  that  I  would  not  refer  to  the  Cambrian  any  rocks  beneath  the 
Olenellus  zone,  the  subjacent  strata  of  the  western  Kooky  Mountain 
area  were  referred  to  the  Algoukian  in  the  paper  reviewing  the  Lower 
Cambrian  or  Olenellus  fauna  published  in  the  tenth  annual  report  of 
the  U.  S.  Geological  Survey.  I  think,  however,  it  is  a  question  for  dis- 
cussion and  research,  as  the  Olenellus  fauna  hiis  a  great  vertical  and 
time  range  in  the  Northern  Appalachian  Province,  while  in  the  South- 
em  Rocky  Mountain  Province  it  is  limited  to  the  very  narrow  band  of 
strata  at  the  summit  of  the  siliceous  series  of  slates  and  quartzites. 

That  the  question  of  how  the  Cambrian  shall  be  divided  in  America 
still  requires  investigation,  with  special  relation  to  the  classification 
to  be  applied  in  the  various  provinces,  is  well  known.  The  three  pri- 
mary divisions  of  the  Cambrian  (Lower,  Middle,  and  Upper)  are  readily 
recognized  in  Newfoundland,  and  that  one  or  the  other  of  these  divi- 
sions can  be  distinctly  recognized  in  the  other  provinces  has  been 
proved. 

In  the  Interior  Continental  Province  only  the  Upi)er  Cambrian,  with 
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its  distinct  sedimentation  and  faana,  is  known,  and  no  other  appears  to 
have  been  deposited.  In  the  Appalachian  Province,  in  Vermont,  the 
Lower  Cambrian  is  readily  separated  by  organic  remains  and  sedimen- 
tation ;  bnt  with  oar  present  knowledge  it  is  impossible  clearly  to  dis- 
tinguish between  the  Middle  and  Upper  Cambrian.  The  same  is  true 
throughout  the  Appalachian  region,  except  in  the  Adirondack  sub- 
province,  where  the  Upper  Cambrian  is  well  developed.  In  the  Rocky 
Mountain  Province  the  Lower  Cambrian  is  distinctly  develoi)ed,  but  the 
Middle  and  Upper  merge  more  or  less  into  each  other.  The  problems 
in  this  connection  requiring  investigation  are  clearer  delimitations  of 
the  Middle  and  Upper  Cambrian  in  the  Appalachian  and  Bocky  Moun- 
tain Provinces,  both  by  the  careful  study  and  comparison  of  the  sec- 
1 : 1  tions  and  the  collecting  and  differentiation  of  the  faunas. 

It  is  not  anticipated  that  uniformity  will  be  found  to  exist  in  each  of 
the  primary  subdivisions ;  the  sedimentation  of  the  various  provinces 
'  is  too  unlike.  The  three  divisions  will  have  to  be  used,  if  at  all,  in  a 
somewhat  arbitrary  manner  in  some  of  the  areas,  just  as  the  greater 
division  of  the  Cambrian  is  arbitrarily  separated  from  the  Silurian 
.  (Ordovician)  where  no  physical  line  of  division  is  apparent.  We  recog- 
nize the  Cambrian  group  as  a  convenient  means  of  classification,  but 
its  subdivisions  must  be  controlled  by  the  needs  of  the  local  geologist 
and  not  used  unless  distinctly  recognized. 
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THE  CRITERIA  AND  PRINCIPLES  USED  BY  AUTHORS  IN  THE  COR- 
RELATION OF  THE  VARIOUS  PARTS  COMPOSING  THE  GROUP, 
WITH  OBSERVATIONS  ON  SOME  METHODS  OP  CORRELATION. 

HISTOBIOAL  NOTES. 

The  earlier  American  geologists  took  their  first  views  of  classification 
and  principles  of  correlation  mainly  from  European  anthers.  Among 
the  latter  Dr.  John  Woodward  said  early  in  the  eighteenth  ceutnry  in 
his  "  Natural  History  of  the  Earth  ^  i 

That  the  stone  and  other  terrestrial  matter  in  France,  Flanders,  Holland,  Spain, 
Italy,  Germany,  Rnnsia,  and  Sweden  were  distingnished  in  strata  or  layers  as  it  is  in 
England ;  that  these  strata  were  divided  hy  parallt^l  layers ;  that  there  were  inclosed 
in  the  stone  and  all  the  other  denser  kinds  of  terrestrial  matter  great  numbers  of  the 
shells  and  other  productions  of  the  sea  in  the  same  manner  as  in  that  of  this  island.^ 

This  is  one  of  the  earliest  correlations  of  stratified  and  fossiliferous 
rocks.  It  is  crude  and  indefinite  as  compared  with  modem  correlation, 
but  the  general  method  of  comparing  stratified  fossiliferous  rocks  be- 
cause they  are  stratified  and  fossiliferous  was  inaugurated. 

Dr.  Abraham  Werner,  in  Germany,  gave  systematic  form  to  descrip- 
tive geology  in  the  latter  part  of  the  eighteenth  century ;  while  about 
the  same  time  Prof.  William  Smith,  in  England,  applied  organic  re- 
mains in  geologic  investigation,  and  correlated  formations  in  various 
parts  of  the  British  islands  by  their  contained  fossils.  A  little  later 
Baron  George  Ouvier  was  establishing  in  France  the  great  principles 
of  the  succession  of  varying  organic  remains  in  the  strata  and  their 
difi*erentiation  from  living  forms. 

AMXRIGA. 

Maclure. — In  America  Mr.  William  Maclure  was  among  the  first  to 
take  advantage  of  the  principles  of  classification  enunciated  by  Dr. 
Werner,  and  we  find  the  correlations  made  by  him  in  preparing  his 
geological  maps  were  based  entirely  upon  lithologic  and  stratigraphic 
evidence.  This  is  stated  in  the  first  paragraph  of  the  introduction  to 
his  paper:  ^ 

Nocessity  dictates  the  adoption  of  some  system.  So  far  as  respects  the  classifica- 
tion and  arrangeinont  of  names  the  Wornerian  appears  to  he  the  most  snitahle,  first, 
hocause  it  is  the  most  perfect  and  extensive  in  its  general  outlines,  and  secondly, 

*Aii  Esoay  towardn  a  Natural  TTiatovy  of  tho  Eartli  and  Teireatrial  Bodifw.    LoiuIod,  3<1  w\..  1723. 
'ObflftrvatioDR  on  tho  Goolofiry  of  the  United  States  explanatory  of  a  ideological  map.    Am.  Phii  Soo. 
Trans..  yoL  6,  laOO.  pp.  411, 412. 
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the  nfltnie  sod  nlative  sitnation  of  tbe  niinerftls  in  the  Uititod  8tatM,  while  they  we 
certaiuly  the  moat  ezteoBive  of  any  iield  yet  exsmined,  may  perhaps  be  found  U>  be 
the  moet  correct  elacidatioD  of  the  (;eaetal  exactitude  of  that  theory  as  leapects  the 
relative  poaitioo  of  the  different  seriee  of  roobs. 

On  tliemap  four  great  classes  of  rocks  are  reco^ized:  Class  I,  Primi- 
tive rocks;  II,  Transition  rocks  j  III,  Secondary  rocks;  IV,  AUavial 
rocks.  The  presence  of  rock  salt  in  the  southern  Appalachian  is  rec- 
ognized by  a  separate  color. 

Id  the  text'  the  Primitive  rocks  are  divided  into  foorteen  varieties, 
the  Transition  into  five  varieties,  the  Secondary  into  twelve,  and  the 
Alluvial  into  seven.  In  traversing  the  country  Mr.  llaolure  uotlf%(l  the 
presence  of  «ny  one  of  these  rocks  at  their  various  outcroi>s,  and 
thus  correlated  tbe  geological  formations  tbat  presentetl  similar 
characters.  In  tbe  second  edition  of  bis  work*  two  methods  of  ex- 
amining and  correlating  the  rocks  are  given : 

Tbe  first,  tbe  accurate  inveatigatioii  of  a  small  portion  of  tbe  sur- 
face, describing  exactly  the  difi'erent  rooks  with  their  immense  variety 
of  arrangement  and  position  of  their  component  parts,  detailing  the 
changes,  accidental  or  ilatural,  constantly  occurring  in  tbeir  relative 
situation,  and  endeavoring  to  reduce  the  whole  to  some  regular  series 
of  arrangement.  This  method  necessitates  the  reunion  of  a  great  num- 
ber of  those  portions  before  any  correct  general  idea  can  be  formed. 

The  second,  beginning  with  the  great  outline,  traces  the  limits  which 
divide  the  principal  classes  of  rocks  and  tbeir  relative  situatiou  and 
extent.    Mr.  Maclnre  favors  the  second,  stating : 

la  tracing  the  outlines  of  the  different  fnrmationa  in  most  oonntrleB  there  ifi  Im 
confuHioTi  and  ei>i1>krra»Hii)g  description  Decesaary ;  the  limits  onee  aacertaioixl,  a  (vw 
pageH  define  the  bouudarieu  and  explain  the  relative  aituntioua  to  the  oomprehensJoa 
of  every  reader.' 

Eaton, — After  Mr.  Maclure,  Prof.  Amos  Eiiton  was  the  most  impor- 
tant factor  in  the  »hnping  of  tbe  methods  of  geologic  work  in  America. 
Uy  his  various  pubbcntioos  and  bis  influence  as  a  teacher  be  outlined 
the  methods  and  formulated  the  general  principles  upon  which  geologic 
investigation  was  carried  forward  for  nearly  two  decades.  The  correla- 
tions made  iu  bis  earlier  works  were  based  entirely  npou  the  litbologic 
characters  of  tbe  rocks.  Believing  in  the  Mosaic  cosmogony,  be  ex- 
plained the  phenomena  be  observed  in  the  structural  relations  of  the 
rocks  by  the  giving  way  of  tbe  foundation  of  the  Old  World  prior  to 
tht)  llowl.    lie  says:* 

While  tliia  treinendouH  craah  of  natnre  was  going  on,  acalM  of  varlona  thickneaara 
from  tbe  various  strata  were  shot  np,  detached,  and  broken,  which  t;avc  fonnntion  to 
our  Hurrouiidin);  hills,  the  ragged  cliffs  of  the  Catskill,  and  the  lileuk  brow  of  the 
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Andes.    Some  were  fbrmed  at  the  bottom  of  the  eea  by  voloanio  fires,  others  have 
arisen  from  varions  causes  since  the  great  deep  retired. 

During  the  delnged  state  of  the  earth  many  species  of  animals  were  probably  de- 
stroyed. For  we  continoally  find  the  petrified  remains  of  species  of  animals  now 
totally  extinct. 

■ 

From  the  latter  obaervation  it  is  qaite  evident  that  at  that  time  he 
did  not  consider  fossils  to  be  of  any  valae  in  the  correlation  of  the 
rocks.  In  the  next  edition  of  the  Index  ^  his  theories  of  the  origin  and 
first  condition  of  the  surface  and  position  of  the  rocks  are  omitted,  and 
a  more  thoroagh  description  is  given  of  the  various  rock  masses,  the 
classification  of  which  was  lithologic  and  based  on  the  views  of  Dr. 
Werner.  His  more  extensive  work  of  1824*  shows  that  the  correla- 
tions made  between  the  rocks  of  the  Hudson  and  those  west  of  the 
Hudson,  along  the  line  of  the  ErieOanal,  were  based  mainly  upon  their 
lithologic  characters.  For  instance,  the  Galciferous  sandrock  of  the 
Mohawk  Valley,  in  the  vicinity  of  Little  Falls,  New  York,  was  traced 
westward  in  the  vicinity  of  TJtica  and  eastward  down  the  Mohawk 
Valley  to  the  vicinity  of  Schenectady,  apd  then  correlated  with  a  Gal- 
ciferous sandrock  on  the  east  side  of  the  Hudson.  This  correlation 
was  ma<le  upon  the  lithologic  character  and  the  stratigraphic  succes- 
sion of  the  rock  masses.  Its  defective  character  is  shown  by  the  fact 
that  the  Galciferous  sandrock  east  of  the  Hudson  is  of  Lower  Gam- 
brian  age  and  that  west  of  the  Hudson  is  of  Silurian  (Ordovician)  age. 

Glassification  and  correlation  on  the  basis  of  lithologic  character  and 
stratigraphic  succession  was  continued  by  Prof.  Eaton  in  his  work  of 
1828  ^  and  again  in  his  text-book  of  1830.^  On  the  map  accompany- 
ing the  latter  all  the  quartzose  formations  are  colored  yellow,  all  the 
calcareous  formations  blue,  the  variegated  sandstones  red,  and  the  sub- 
ordinate  rocks  green.  By  this  the  primitive  limestones  of  the  Adi- 
rondacks  { Algonkian),  the  Lower  Gambrian  limestones  of  Washington 
County,  the  Oalciferous-Ghazy-Trenton  limestones  of  the  central  por- 
tions of  the  State,  and  the  Lower  Devonian  limestones  of  the  Upper 
Helderberg  are  all  placed  under  one  color. 

In  1832^  he  introduced  a  new  heading  into  his  Text  Book,  as  follows: 
'^  Organized  remains  as  auxiliaries  in  the  determination  of  rock  strata." 
Under  this  he  says : 

The  remains  of  similar  species  of  animals  and  plants  are  fonnd  embraced  in  similar 
series  of  rocks  ;  and  those  occurrences  are  so  uniform  that  rocky  and  earthy  strata 
may  be  determined  by  thom.<^ 

'An  Index  to  the  Geology  of  the  Xorthorn  StateR,  2d  ed.,  1820,  pp.  286. 

*A  K^^ological  and  agricnJtaral  survey  of  the  district  adjoining  the  Brio  Canal,  1824,  pp.  163. 

'Geological  nomenclature,  exhibited  in  a  nynopsiH  of  North  American  rocks  and  detritus.  Am.  Jour. 
Sol.,  vol.  14, 1828,  oppo.  p.  144,  pp.  145-149.  359-3G8. 

*  Geological  text-book,  prepared  for  popular  lectures  on  North  American  geology;  with  applications 
to  agriculture  and  the  arts.    Albany,  1830,  pp.  64. 

'Geological  text-book  for  aiding  the  study  of  North  American  Goologj* ;  being  a  systetnatic  ar- 
rangement of  facts,  collected  by  the  author  and  his  pnpilb,  under  the  patronage  of  the  Hon.  Stephen 
Van  Rensselaer.    2d  cd.    Albany,  1832. 

*Op.  oit.,  p.  25. 
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In  connoction  with  the  discnssion  of  the  presence  of  organic  remains 
in  the  rocks  the  following  passage  occurs : 

The  f^eological  deposits  of  this  ooantry  (and  probably  those  of  the  eastern  conti- 
nent) exhibit  grounds  for  conjecture  if  not  absolute  demonstration  that  the  sorface 
of  the  earth  has  undergone  five  general  modifioations,  which  no  animals  snrviyed. 
Four  of  these  modifications  were  followed  by  as  many  new  creations  of  animals.  Also 
that  two  new  creations  of  animals  succeeded  the  final  depositions  of  all  regular  strata. 
In  the  whole,  there  appears  to  have  been  five  creations  of  animals  at  least  (perhaps 
ten)  since  the  primitiye  m  ass  of  the  earth  was  formed,  and  a  long  interval  succeeded 
each  creation.^ 

It  is  also  said  that  the  ^'  remains  or  impressions  of  plants  are  limited 
to  coal  and  coal  formations  whose  relative  position  is  indicated  by  their 
rocky  associates;  the  determination  of  rocks  by  their  animal  relics 
serves  as  an  index  to  the  position  of  coal  measures  or  beds.  In  this 
concise  selection  of  the  most  essential  relics  animals  alone  will  be 
noted  which  have  no  backbone  nor  brains  "  [invertebrates].' 

Under  the  title  of  "  Geological  Equivalents''  Prof.  Eaton  mentions 
that  relative  position  and  mineral  constituents  were  deemed  sufficient 
by  Werner  for  determining  geological  equivalents.  As  relative  position 
is  the  basis  of  the  science,  all  other  circumstances  have  always  been 
received  as  auxiliaries  only  so  far  as  classification  is  concerned.'  He 
reasoned  that  as  rocks  can  be  traced  more  or  less  continuously  through- 
out New  York  and  Pennsylvania  the  data  used  by  Werner  are  of 
value;  but — 

From  a  consideration  of  the  cases  here  referred  to,  intrinsic  characters  more  definite 
than  any  loft  ns  by  Werner  seem  to  be  essential  to  the  progress  of  tho  science.  The 
enumeration  of  mineral  const!  tuents  of  rocks  can  never  be  satisfactorily  applieil. 
Unorganized  matter  presents  but  few  characteristics.  Naturalists  find  it  a  more  dif- 
ficult t.osk  to  deHcribe  by  external  characters  about  two  hundred  and  sevontj'  species 
of  mineral  R  than  fifty  thousand  species  of  plants  and  a  stiU  larger  nnmber  of  ani- 
uialH. 

It  is  a  subject  of  high  congratulation  to  students  in  geology  of  our  day  that  the 
illustrious  Cuvier,  aided  by  the  Brongniarts  and  their  coadjutors,  have  extt^nded  the 
science  of  organic  nature  to  the  science  of  geology.  We  are  no  longer  limited  to  the 
enumeration  of  mineral  constituents.  We  find  the  same  organized  remains  associattni 
with  equivalent  strata  in  every  part  of  the  earth,  though  they  often  extend  into 
several  adjoining  strata,  which  are  probably  contemporaneous  or  nearly'  so.** 

He  then  x)roceeds  to  classify  the  strata  as  known  to  geologists  of  both 
continents  by  means  of  some  of  their  organic  associatious  in  I^orth 
America.* 

A  few  months  later  he  published  a  paper  on  "  Four  cardinal  points 
in  8tratig:rai)bical  geology  established  by  organic  remains,''  saying: 

If  the  identity  of  the  Granular^  the  MctalH/erouB,  and  the  Oolitic  calcareous  rock*, 
and  of  the  Tertiary  marls  are  established  on  both  continents  all  intervening  strata 
may  be  ascertained  with  great  facility.  I  think  that  a  reference  to  the  following 
facts  will  be  suflicient  to  establish  their  equivalent  characters  at  least.^ 


'Op.  cit.,  p. 48. 
"Op  rit.,p.2r>. 
'  (foological  oqnivalenta. 
1K32,  pp.  132  KIS. 
«  Op.  lit.,  p.  134. 


Am.  Joar.  Sci.,  vol.21, 


•Op.  cit.,  pp.  136-138. 

*  Four  cardinal  points  in  stmti/in^phical  geology 

efftablishod  by  orjzranic  remaina.    Am.Joar. 

Sci.,  voL  21,  1832,  p.  199. 
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The  first  cardinal  point  is  the  Granular  limerock  <<  the  only  lime- 
rock  which  is  always  destitute  of  organic  remains."  The  second  car- 
dinal point  is  the  Metalliferoos,  Mountain  or  Carboniferous  limerock. 
Under  this  heading  he  correlates  the  limestone  at  Trenton  Falls  and 
most  of  the  limestones  of  New  York.  The  third  cardinal  point  em- 
braces the  Oolitic  series  or  Oalcaroous  rocks,  and  the  fourth  the  Ter- 
tiary marls.  These  correlations  of  Eaton  were  crude,  but  when  re- 
fined by  the  geologists  of  the  New  York  State  survey  the  first  three 
formed  the  basis  for  the  correlation  of  the  lower  and  middle  Paleozoic 
rocks  of  the  continent. 

Bigsby, — ^The  earlier  work  of  Dr.  J.  J.  Bigsby  was  apparently  un- 
known to  Eaton.  The  former  used  organic  remains  in  a  very  general 
manner  to  colrrelate  the  strata  of  England  and  America,  but  also  de- 
pended upon  the  lithologic  characters  and  stratigrapliic  succesRion. 
In  an  article  entitled  <'A  list  of  minerals  and  organic  remains  oc- 
curring in  the  Ganadas  "  he  remarks  upon  the  extent  and  relations  of 
the  limestones  and  sandstones  of  the  eastern  and  western  parts  of 
Canada.     Of  the  limestones  he  says : 

Their  relation  to  tho  6ubjacent  rocks  and  uniform  similarity  in  structure  and  con- 
touts,  mineral  as  well  as  organic,  seem  to  indicate  that  the  beds  of  limestone,  extend- 
\i\f^  with  few  or  no  interruptions  from  Cape  Tourment,  below  Quoboc,  to  near  the 
Falls  of  St.  Mary,  are  the  effects  of  a  contemporaneous  deposition ;  and  further, 
that  they  are  the  representatives  of  the  Mountain  or  Carboniferous  limestone  of  Eng- 
land. 

I  make  those  statements  with  extreme  diffidence,  being  in  some  degree  aware  of 
the  difficulties  of  tho  discussion,  of  the  existence  of  contradictory  fact«,  few  but 
weighty,  and  of  the  defoctive  state  of  our  information  respecting  the  vast  calcareous 
formations  of  North  America.^ 

The  reference  to  the  secondary  limestone  of  the  St.  Lawrence  and 
the  lake  region  is  as  follows  : 

The  limestone  now  described  abuts  on  one  of  the  older  rocks  directly,  or  with  the 
interposition  of  another  horizontal  stratum,  and  by  far  the  most  commonly  on 
gneiss,  which  I  have  strong  grounds  for  believing  to  be  of  the  same  age  and  general 
characters  throughout  the  whole  of  the  districts  under  consideration.  It  is  in- 
cumbent directly  on  gneiss  in  the  bed  of  the  river  St.  Anne,  near  its  upper  falls, 
in  the  seigniory  of  St.  Feriole,  Lower  Canada;  at  Montmorenci,  not  far  from  '*  the 
natural  steps,''  but  only  seen  in  time  of  low  water ;  at  and  near  Point  Henry,  close 
to  Kingston,  Upper  Canada  ;  and  in  many  places  on  the  north  coast  of  Lake  Iliinm. 
In  the  last-named  locality  it  rests  directly,  in  several  instances,  on  a  beautiful  snow- 
white  transition  quartz,  which  occupies  the  main  shore  in  steep  hills,  400  and  500 
feet  high,  from  near  the  French  River  to  the  River  Lo  Serpent  (70-80  miles).  The 
immediately  subjacent  rock  at  La  Cloche  and  on  the  isles  north  of  the  Maniton lines, 
in  the  same  lake,  is  sometimes  a  highly  inclined  greenstone.  Near  Montreal  it 
overlies  directly  crystalline  trap,  containing  augite,  zeolite,  mica,  feldspar,  etc. 

lint  onlinarily  a  sandstone,  gray  wacke,  or  a  conglomerate  of  quartzose  or  calcareous 
materials  is  inteq^osed ;  also  in  horizont-al  layers.  It  is  to  be  remarked  (on  passant) 
that  much  the  greater  part  of  the  graywacke  of  Lower  Canada  doe«  not  belong  to 
this  deposition,  but  is  conformable  to  the  mica-slate,  gneiss,  etc.,  ranging  aloug  the 
north  shore  of  the  St.  Lawrence,  between  Quebec  and  the  river  Saguenay.     *     *     • 


>  A  liAt  of  mineral  and  organic  remainB  occurring;  in  tho  Canada^.    Am.  Jour.  Sci.,  vol.  K.  1824,  pp. 
76,77. 
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The  sandstone,  wbich  is  beneath  the  limestone  from  near  Kingston,  Upper  Canada, 
to  St.  Anne's,  26  miles  northwest  of  Montreal  (174  miles),  is  white,  bnt  with  fer- 
ruginous spots  and  clonds,  hard,  fine  grained,  withont  cement,  and  contains  thick 
layers  of  large  and  small  nodnles  of  crystalline  qnairtz,  disposed  in  borizonal  lines. 
It  forms  cliffs  an  hnudred  feet  high  in  the  Lake  of  the  Thousand  Islands,  which  rest 
on  the  very  small-grained  gneisH  (often  a  granite)  which  aboonds  so  in  the  north  and 
northeast  and  passes  largely  and  frequently  into  primitiye  white  qnartz  rock,  thus 
disclosing  a  possible  source  of  the  sandstone  and  quartz  nodules.  Where  clay  is  the 
cement  an  argillaceous  sandstone  or  gray  wacke  is  furnished.  The  former  of  these  I 
have  never  seen  in  contact  with  the  inclined  rocks.  It  occurs  very  distinctly  in  the 
chasm  of  the  Niagara,  the  lower  strata  of  which  (and  particularly  those  on  which 
Queenston  stands)  are  almost  ferruginous  clay.  The  nearest  primitive  is  on  the  north 
shore  of  Lake  Simooe,  90  miles  off.  From  the  nature  of  the  organic  remains  and  other 
contents  of  the  limestones  covering  this  sandstone,  I  am  inclined  to  believe  the  latter 
to  be  the  old  red,  which  is  ofton  thus  intermixed  with  argillaceous  matters.  At  Dun- 
kirk, on  the  south  side  of  Lake  Erie,  Mr.  Hulbert  has  bored  through  these  rocks  to  the 
depth  of  r8'2  feet  (117  feet  below  the  surface  of  the  Atlantic)  and  without  meeting  with 
salt.  The  above  observations  apply  to  the  fine  sections  in  the  bed  of  the  Genesee 
River ;  bnt  I  have  not  sufficiently  examined  the  fossils  in  the  limestone  of  that  locality. 
Its  sandstone  has  large  bat  indistinct  oasts  of  what  I  suppose  to  be  enorinites,  but 
which  may  be  vegetable,  but  in  either  case  resembling  the  Old  Red  sandstone.  It 
may  be  added  that  it  is  on  the  same  level  with  and  not  very  far  from  the  aaudntone 
of  the  vicinity  of  Kingston ;  but  similarity  in  level  taken  by  itself  is  not  an  unerring 
:  M  test  of  similarity  in  age.    In  one  part  of  a  district  or  lake  granite,  gneiss,  etc.,  may 

!  -j^  attain  a  given  elevation  and  be  there  covered  with  graywacke  only ;  while  in  an- 

other and  not  very  distant  place  these  rocks  may  not  rise  to  within  some  thousand 
i  feet  of  that  height,  and  be  buried  under  all  the  succeeding  strata  up  to  the  Crag 

above  the  London  clay.^ 
A  conglomerate  wholly  calcareous  occurs  in  situ  near  the  foot  of  the  Long  Sault 

I  «    ■■  of  the  river  Ottawa,  and  at  the  Coteau  dn  lac,  3  miles  below  Lake  St.  Francis,  com- 

posed of  angular  and  rolled  masses,  sometimes  very  largo,  of  fine  granular  limestone 

;  light  brown  and  blue,  imbedded  in  a  dark  brown  paste.     A  similar  rock  occurs  with 

the  limestone  about  Poughkeepsie,  in  the  State  of  New  York,  and  at  Aubigny,  op(>o- 
bite  Quobec,  interleaved  with  da}'  slate  and  graywacke,  highly  inclined,  and  having 
a  southw(;8t  direction.^ 

The  elements  of  correlation  suggested  in  the  preceding  quotations 

include  lithologic  resemblance,  similarity  of  level  in  a  given  area,  strat- 

igraphic  succession,  and  the  presence  of  organic  remains. 

At  a  later  date  Dr.  Bigsby  noticed  in  the  conglomerates  on  the  south 

;  side  of  the  St.  Lawrence,  opposite  Quebec,  the  presence  of  trilobites, 

encrinites,  corrallites,  and  other  fossils,  and,  on  this  account,  considers 

the  formation  the  equivalent  of  the  Garboniferoufi  limestone  of  the 

English  geologists.^ 

^:  James, — One  of  the  earliest  extended  correlations  in  America  is  that 

"*!.  of  Dr.  l^^dwin  James.*    In  his  remarks  on  the  sandstone  of  the  western 

I  f 

'  i)art  of  the  valley  of  the  Mississippi  he  first  describes  in  detail  the  reil 

^  sandstone.^     lie  states  that  this  rock  is  the  lowest  of  the  horizontal  or 


1  !  •■■ 

■ 


'  » Op.  cit.,  pp.  78-50. 

J  «0p.  cit.,  p.  81. 

•On  tho  Kcolojiy  of  Quebec  and  vicinity.    Proc.  Geol.  Sop.  London,  vol.  1,  1827,  p.  38. 
i  *ll4«nmrkH  on  the  Handht^mo  and  Floetz  trap  formations  of  tln>  western  part  of  the  valloy  of  th«» 

j  MiHHiHMJppi.    Am.  Phil.  Soc.  Traim.,  vol.  2,  new  atr.,  1«21,  pp.  191-215. 

;  H>p.cit.,p.  2UI. 
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secondary  rocks  met  with  and  is  very  abaudant  in  all  that  part  of  the 
plain  immediately  adjacent  to  the  Booky  Mountains  which  he  had  ex- 
amined. A  similar  rock  is  met  with  in  the  eastern  part  of  the  State  of 
New  York.  Specimens  firom  many  parts  of  the  strata  on  the  Canadian 
Eiver  are  entirely  similar  to  those  quarried  in  New  Jersey  and  used 
in  great  quantities  in  the  cities  of  New  York,  Albany,  etc.,  for  build- 
ing. 

'^  Whether  this  sandstone  is  in  all  respects  similar  to  the  '  Old  Bed 
sandstone '  of  Werner,  which  makes  so  conspicuous  a  figure  in  the 
systems  of  certain  geologists,  we  are  not  able  to  say.  It,  however, 
certainly  occupies  a  place  similar  to  the  one  which  has  been  assigned 
to  that  rock."  In  a  foot-note  referring  to  this  statement  it  is  said 
that — 

This  red  sandstone  is  first  found  on  the  waters  of  the  lakes  on  the  strait  between 
Lake  Haron  and  Lake  Superior,  and  forms  the  faU  called  the  Saolt  de  Ste.  Maria.^ 

It  also  occurs  in  the  Catskill  Mountains  and  in  the  Salt  District  in  the  western  part 
of  the  State  of  Now  York,  having  a  similar  relation  to  the  secondary  rocks  in  that 
quarter.  *  *  *  The  red  sandrock  now  nnder  consideration  appears  at  one  place 
with  every  character  requisite  to  place  it  among  the  rocks  of  transition ,  at  another 
it  is  manifestly  secondary ;  yet  its  continuity  may  be  traced  through  minute  shades 
of  gradation  or  by  a  sadden  transition  from  one  of  these  points  to  the  other.' 

A  review  of  the  preceding  remarks  indicates  that  Dr.  James  sup- 
posed the  Jura-Trias  sandstone  of  the  eastern  foothills  of  the  Kocky 
Mountains,  the  red  sandstone  of  the  Lake  Superior  region  (Algonkiau), 
the  eastern  New  York  sandstone  (Upper  Cambrian),  and  the  New  Jersey 
Triiissic  sandstone  were  of  the  same  relative  geologic  age  as  shown  by 
their  lithologic  characters  and  supposed  stratigraphic  position. 

Bakewell. — ^The  publication  of  the  American  edition  of  Mr.  Kobert 
Bakewell's  Geology  in  1829  was  an  important  contribution  to  American 
geologic  literature.  It  presents  an  account  of  the  geological  distribu- 
tion of  organic  remains  as  then  understood  and  the  general  principles 
of  geology  as  known  to  English  geologists. 
.  In  regard  to  correlation  by  fossils  Mr.  Bakewell  says : 

With  respect  to  fossil  conchology  he  is  inclined  to  believe  that  tho  attempt  to  iden- 
tify the  strata  of  distant  countries  by  the  isolated  occurrence  of  any  particular  species 
of  shell  has  been  carried  further  than  a  sound  induction  from  facts  or  analogy  would 
warrant.  His  opinion  on  this  subject,  given  in  the  second  edition  of  this  work,  he 
-will  here  insert:  **It  may  be  doubted  whether  the  occurrence  of  similar  organic 
reniaiuH  is  suiricicnt  to  identify  strata  in  distant  parts  of  the  globe ;  for  could  we 
admit  that  strata  are  universal  formations  and  extended  from  the  frozen  to  the  tor- 
rid zone,  it  seems  more  than  probable  that  the  animals  that  lived  on  any  one  partic- 
ular stratum  would  be  of  very  different  species  in  diiOfercnt  latitudes.''    *     »     • 

In  strata  belonging  to  one  formation  and  in  adjacent  districts,  the  existence  of  cer- 
tain shells,  whether  we  regard  them  as  distinct  species  or  as  varieties,  may  be  of  use 
in  identifying  any  particular  bed  ;  and  in  distant  countries  where  we  find  tho  same 
remarkable  species  of  shell  associated  with  any  other  remarkable  species  in  connid- 
erable  numbers  it  may  serve  to  identify  a  particular  rock  formation,  where  the  min- 
eral character  of  the  rock  may  be  very  different  from  that  in  which  the  observer  has 


>  Op.  clt.,  p.  205.  »  Op.  cit,  p.  2W. 
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been  Bccnstuoied  to  meet  with  thorn.  The  oeonmaoe  of  k  oonaideTablB  uomber-v 
gryphem,  the  Gtgphea  arcuala  in  a  bed  of  blae  olay  in  the  monntBina  around  th 
Lake  of  ADnecy  in  Savoy,  nerved  the  author  as  a  kef  to  discover  to  what  fonnatioi 
the  caluarooui  strata  belonged,  when  their  mineral  oharaoters  wonid  have  iudicatei 


De  la  Btche. — In  1832  an  edition  of  the  Geological  Maaoal*  of  De  l 
Becbe  was  pnblishod  in  Philadelphia.  In  the  section  upon  the  classic 
cation  of  rocks  we  find  the  following  remarks  npon  claraifiation  b; 
organic  remains : 

T«  propoee  iu  the  present  slate  of  geological  soienoe  any  olaseiflcatioa  of  roek 
which  ahoald  pretend  to  more  fliaii  temporary  atility  would  be  to  aosome  a  mor 
iiitiDiate  aoqnnlutnuce  with  the  e&rth'e  ornat  tban  we  posaew.  Oox  knowledge  c 
this  stmcture  in  fur  fiaa  extensive,  and  principally  oondned  to  certain  portions  o 
Europe.  Still,  however,  a  mass  of  information  has  gradually  been  collected,  partic 
uloily  OH  rcHpectii  this  qnartet  of  the  world,  tending  to  certain  general  and  importau 
conclnsions,  among  which  the  prinoipal  are,  that  rocks  may  be  divided  into  tW' 
great  olassot,  the  slratilied  and  the  nnstratified ;  that  of  the  former  some  contau 
organic  remains  aud  others  do  not;  and  that  the  nonfossiliferons  stratified  tocki 
as  a  masB,  occupy  an  inferior  place  to  the  fossiliferous  >  strata,  also  taken  as  a  mam 
The  next  important  conclusion  is,  that  among  the  stratified  foBailiferona  rooks  ther 
is  a  certain  order  of  superposition,  apparently  marked  by  pecnliar  general  acca 
uialatione  of  orgauic  remains,  though  the  mineralogical  character  varies  materially 
It  has  even  been  supposed  that  in  the  divisions  termed  formationa  there  are  fonei 
certAin  species  of  shells,  et«.,  oharaoteristio  of  each.  Of  this  sopposition  eitendw 
observation  can  alone  prove  the  truth;  but  it  must  not  be  supposed,  as  eome  no* 
do,  that  in  any  occnin illation  of  leu  or  twenty  beds,  charact«riEed  by  the  preseno 
of  distinct  fossils  iu  a  given  district,  the  organic  remains  will  be  found  equally  char 
acteristic  of  the  same  part  of  the  seriuH  at  remote  distances. 

To  siippcwe  tliat  uU  the  furmationB  into  which  it  has  been  thought  advisable  ti 
divide  Kiirupean  rucks  can  lie  detected  by  the  same  orgauic  remains  in  various  dis 
tnnt  points  of  the  glcibo  is  to  assume  that  the  vegetables  and  animals  distriliiitet 
over  the  surfitco  of  the  world  wore  always  the  same  at  the  same  time,  and  tliat  the} 
were  all  duatroycd  at  ttie  same  moment,  to  bu  replaced  by  a  new  creation,  ditterin) 
spucitiviilty,  If  not  ;;unerically,  from  that  which  imtuediately  preceded  it.  From  thii 
theory  it  would  also  be  inferred  that  the  whole  surfaceof  the  world  i^usiiessed  an  uni 
form  t<^uipi:raluru  at  the  same  given  epoch. 

It  liaij  liccii  cousidered,  but  hax  not  yet  lieun  suQlcieutly  proved,  that  the  Iowm: 
rocks  Ml  which  organic  ruiuains  ore  found  entombed  show  a  general  nuiformity  h 
thi>ir  or^ruiiie  contents  at  points  on  the  surface  considerably  distaut  from  each  other 
mid  that  tliin  gouoral  uniformity  gradually  disappeared,  until  animal  and  vogetabli 
life  hucaiiie  as  ilillcrent  in  iltlfercot  latitudes,  and  even  under  various  meridians,  ai 
it  iiiiw  IK.  How  far  this  opinion  may  or  may  not  l>e  correct  can  only  ho  eeeu  whec 
geological  factH  nhiill  have  been  sulQciontly  multiplied  ;  but  it  is  ono  which  deniandi 
consider:!  hie  atti'iitlon,  an  the  claauilicalion  of  fossil  Iferous  rocks  greatly  depends  npoi 
it.  (Should  it  eventually  be  found  to  a  certain  degree  correct  it  would  uot  be  at  va 
riancu  with  the  theory  of  a  central  heat,  which  having  diiuinlahed  permitted  solai 
liuut  aud  light  gradually  to  aciiuire  an  iiifinence  on  the  earth's  surface.' 

NnmoroiDi  other  European  works  soon  came  into  the  bands  of  th< 
Amoricaii  geologists,  among  them  the  earlier  editions  of  Bakuwell, 


■Introduction  U  GoDloey.  Robt.  Bikewcll,  lit  Amer 
■ticoloiiicol  Manuul.  Fbiisdelphiu,  IIU2. 
>Tbet«rm/oMUtr«r<iu(iilie»coiiflniid  Motsuilon 
*Op.oil.,pv.a3,lH. 
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Lyell,  Mantell,  and  various  fSrencli  and  German  authors.  Their  influence 
is  shown  by  the  rapid  development  of  stratigraphic  geology  based  upon 
the  principles  established  in  Europe.  Of  the  means  of  correlation  avail- 
able to  Prof*  Amos  Eaton  in  his  earlier  work  he  says,  in  1839 : 

JSaton.— When  I  commenced  my  geological  snrveyB  the  application  of  organized 
remaiiui  for  demonstrating  strata  was  not  studied  in  America.  I  had  become  ac- 
quainted with  no  method  for  determining  the  character  of  such  strata  bat  that  of 
tracing  them  separately  throngh  a  vast  extent  of  country  and  then  comparing  their 
general  chaiacters.  For  this  purpose  I  traveled  some  thousand  miles  at  my  own  ex- 
pense and  with  the  liberal  aid  of  students  of  Williams  College,  with  P*rof.  Dewey  at 
their  head,  where  I  was  employed  more  than  a  score  of  years  since  by  the  authonties 
of  the  college  to  introduce  the  natural  sciences.  Afterwards  I  traveled  more  than 
17,000  miles  on  geologizing  tours  at  the  expense  of  the  Hon.  Stephen  Van  Eensslaer, 
and  I  was  always  aided  by  several  assistants  and  competent  students.  Had  the  ap- 
plication of  paleontology  been  then  as  well  understood  as  -it  now  is  I  could  have 
settled  the  characters  of  most  rocks  as  well  in  my  closet  by  the  aid  of  specimens. 
But  it  is  a  true  remark  in  your  last  journal  that  strata  must  have  been  iirst  settled 
according  to  the  method  to  which  I  was  compelled  by  ignorance  to  submit,  before 
the  service  of  organized  remains  could  be  successfully  employed.  Id  this  country  no 
material  progress  had  then  been  made  in  the  study  of  organized  relics,  and  even  now 
ve  have  very  few  good  paleontologists.^ 

mw  TOBK  BUBVST. 

The  geolo^sts  of  the  New  York  State  survey  systematized  the  work 
of  the  geologists  who  preceded  them  and  established  a  standard  section 
of  the  lower  and  middle  Paleozoic  formations  of  New  York.  On  this 
account  it  is  desirable  to  examine  the  principles  of  correlation  men- 
tioned by  Messrs.  Conrad,  Hall,  and  Emmons  and  to  notice  the  extension 
of  the  nomenclature  of  the  formations  of  the  New  York  section  to  vari- 
ous portions  of  the  continent. 

Oonrad. — As  paleontologist  of  the  survey  Mr.  T.  A.  Conrad  made  the 
following  comments  upon  the  use  of  fossils  in  the  correlation  of  strata  :^ 

Tliere  is  a  strange  misunderstanding  of  the  method  of  applying  organic  remains 
in  the  division  of  series  of  strata  into  formations  and  the  identification  of  widuly 
separated  rocks  by  the  zoological  characters  of  each.  In  the  January  number  of  the 
Now  York  Review  the  opinion  is  advanced  that  the  ^^  Calymeno  bluuienbachii  ought 
to  be  carefully  sought  for  in  the  rocks  which  are  said  to  correspond  to  the  Dudley 
period*  Unless  it  is  found,  or  some  other  consideration  is  introduced,  can  it  bo  be- 
lieved that  fossils  are  a  satisfactory  evidence  of  the  age  and  place  of  rocks  ? ''  The 
line  of  demarcation  between  rocks  of  different  ago  has  never  yet  been  drawn  with 
any  accuracy  by  the  aid  of  paleontology,  except  by  the  cousideration  of  groups  of 
species,  one  or  even  a  few  species  having  no  weight  whatever  in  the  determination. 
Thus  the  shell  termed  Terebratula  Schlotheimii  dates  its  existence  with  the  Trenton 
limestouo,  and  reappears  in  three  of  the  latter  formations  of  the  Silurian  system.  Or- 
this  ttstudinaria,  Dulm.,  is  peculiarly  characteristic  of  the  Trenton  limestoue,  by  its 
almost  invariable  presence  and  extreme  abundance,  and  yet  it  is  alrto  found  in  the 
limestone  of  the  Helderberg,  a  formation  of  a  far  more  recent  origin.  But,  although 
a  few  species  may  have  been  continued  throngh  a  succession  of  geological  eras,  the 

^  Cherty  limerock  or  Corniferoas  limerook,  proposed  m  the  line  of  refereuce  for  State  gooloj^iiits 
of  Now  York  and  Pennsylvania.    Am.  Jour.  Sol.,  vol.  36, 1839,  p.  67. 

*Seoond  annual  report  of  the  paleontological  department  of  the  survey.  Third  annual  report  of  the 
geological  sui  vey  of  New  York,  1839,  p.  58.    Albany. 
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groups  are  widely  diHtinct,  and  their  value  in  determining  the  comparative  age  and 
identity  of  formations  can  never  again  be  called  in  qnestion  by  a  geologist  who  de- 
BervoB  the  name. 

Attention  is  called  to  the  fact  that  no  observer  has  yet  drawn  the 
line  of  distinction  between  the  Trenton  and  the  newer  limestone  super- 
imposed npon  it  in  Ohio  and  Kentucky,  because  the  similarity  in  min- 
eral character  and  color  is  so  perfect,  and  both  formations  thin  out  into 
mere  seams  and  layers.  It  is  also  stated  that  the  oatalogues  of  organic 
remains  of  the  Silurian  system  hitherto  published  in  Europe  are  cal- 
culated only  to  mislead  and  confound  the  geological  inquirer,  as  they 
are  far  too  vague.^ 

In  1840  Mr.  Conrad  instituted  a  series  of  comparisons  of  formations 
of  the  New  York  section  with  those  of  England,  based  upon  the  fossils 
contained  in  their  respectative  formations.  He  compares  the  Garadoc 
sandstone  with  the  limestone  of  Trenton  Falls,  and  the  Wenlock  shale 
with  the  Bochester  shale,  and  the  Wenlock  limestone  with  a  limestone 
developed  in  the  Helderberg  Mountains.' 

In  the  fifth  annual  report  on  the  paleontology  of  New  York  we  find 
the  following  remarks  applied  to  correlation  of  the  rooks  of  the  State :' 

The  horizontally  and  undisturbed  condition  of  the  strata  have  enabled  as  to  trace 
their  sequence  or  order  of  superposition  with  comparative  ease  and  greater  aocoracy 
than  can  always  be  obtained  in  regions  where  the  formations  have  been  mock 
inclined  or  distorted.  These  divisions  or  series  are  usually  composed  of  TariooA 
layers,  as  compact  limestone  associated  with  friable  shale,  sandstone  alternating  with 
argillaceous  shale,  etc.,  and  these  modifications  of  their  mineral  constituents  are 
generally  accompanied  by  some  variation  of  the  organic  contents ;  new  species  bare 
beou  introduced,  or  more  ancient  onen  have  disappeared.  But  it  is  only  at  the  jonc- 
tiou  of  two  formations  that  each  group  of  organic  remains  is  not  perfectly  distinct 
and  characteristic,  a  mixture  of  species  sometimes  occurring  which  proves  a  gradual 
transition  from  one  era  to  another,  and  gives  rise  to  some  uncertainty  where  the 
exact  line  uf  demarcation  should  bo  drawn.  This  fact  opposes  the  idea  sometimes 
indulged  by  speculative  geologists,  that  sudden  convulsions  of  the  earth's  sorface 
have  been  the  cause  of  exterminating  forms  of  life,  and  the  introduction  of  othento 
Biipply  their  place.  The  change  seems  rather  due  to  alt-eration  of  temperature  in  the 
water,  whatever  new  physical  conditions  of  the  earth  resulted  at  the  same  time. 
Such  phenomena,  however,  do  not  interfere  with  the  general  distinctive  characters 
of  the  strati  graphical  divisions  adopted  in  this  work.  It  is  now,  I  believe,  an  undis- 
puted point  in  geology  that  certain  groups  of  organic  remains  belong  exclusively  to 
certain  formations,  and  that  these  strata,  in  a  general  way,  may  be  known  and  com- 
pared by  the  same  groups  of  genera,  if  not  species,  in  every  region  of  the  earth.  It 
is  also  CHtablished,  that  whilst  some  genera  and  many  species  are  restricted  to  a  sin- 
gle formation,  others  have  originated  at  an  early  period  and  continued  to  exist 
throughout  a  large  portion  of  the  time  occupied  in  the  deposition  of  a  system  or  aeries 
of  formations.     •     •     • 

The  color  and  even  mineral  character  of  a  formation  usually  varies  greatly  over  an 
extended  region,  but  it  may  be  recognized  by  its  fossil  contents ;  for  example,  tlie 
black  slate  of  the  Mohawk,  characterized  by  a  peculiar  trilobite,  Triarthrus,  which 

>  Op.  clt,  p.  50. 

*0n  the  Silurian  System,  with  a  table  of  the  strata  and  characteristic  foMils.  Am.  Jonr.  Sel..  toL  9 
1840  pp.  87-91. 

*  Fifth  annaal  report  on  the  paleontology  of  New  York.  Fifth  Anniiftl  Beport  of  the  G«oUfi0l| 
Survey  of  New  York,  iau,pv^!^^'    lANiaax^. 
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has  never  been  known  to  oconr  in  any  other  geologioal  position,  is  represented  by  a 
drab-co]ore<l  shale  in  the  vielnity  of  Cincinnati,  Ohio'.  There  also  the  equivalent  or 
continuation  of  tbe  black  limestone  of  Trenton  Falls  is  of  a  ;;ray  or  pale  huOi  and 
oonld  be  known  as  the  same  rock  only  by  its  organic  reliqniie.  The  Caradoo  sand- 
stone series  of  Wales  is  represented  in  New  York  by  limestone  and  slate  in  proportion 
equal  to  the  areoaoeoos  strata. 

Hall. — ^The  desirability  of  namiug  formatious  from  typical  exposures 
to  servo  as  standards  of  comparison  for  the  purpose  of  correlation  was 
enonciated  by  Prof.  James  Hall  very  clearly  in  1839,  as  follows : 

Everyone  who  has  studied  rocks  even  partially  is  aware  of  the  insufficiency  of 
mineral  or  lithological  characters  for  giving  nomenclature,  and  the  many  errors  into 
which  he  may  be  led,  whether  in  his  own  researches  or  by  the  mistakes  of  others.  So 
likewise  in  the  present  state  of  our  knowledge  we  are  unable  in  all  cases  to  give 
names  from  fossil  characters ;  for,  though  without  doubt  every  group  embraces  its 
peculiar  fossils,  yet  in  all  localities  these  may  not  be  so  marked  as  to  excite  attention, 
and  in  some  may  possibly  be  absent.  It  thus  becomes  a  desideratum  to  distinguish 
rocks  by  names  which  can  not  be  traduced,  and  which,  when  the  attendant  circum- 
stances are  fully  understood,  will  never  prove  fallacious.  The  basis  of  this  nomen- 
olature  is  derived  from  localities,  and  the  rock  or  group  wiU  receive  its  name  from 
the  place  where  it  is  best  developed.^ 

He  then  proceeds  to  name  the  ^'Eockester  shale"  from  Eochester, 
"Sevf  York,  and  the  Lockport  limestone  from  Lockport,  New  York. 

In  1843,  after  stating  the  general  results  of  an  examination  of  a  sec- 
tion southwest  from  Cleveland  to  the  Mississippi  Eiver,  he  wrote: ' 

From  the  facts  here  stated  the  conclusion  seems  unavoidable,  that  the  character  of 
fossils  is,  or  may  be,  as  variable  as  litholo|^ical  characters ;  in  fact,  that  the  species 
depend  in  some  degree  upon  the  nature  of  the  material  among  which  they  lived. 
Fossil  characters  therefore  become  of  parallel  importance  to  the  lithological ;  and. 
In  order  to  arrive  at  just  conclusions,  both  must  be  studied  in  connection,  and  locali- 
ties of  proximity  examined.  In  the  case  of  the  Hudson  River  group  of  shales  and 
sandstones,  in  passing  from  New  York  to  Ohio,  the  lithological  character  is  almost 
entirely  changed ;  and  at  the  same  time  also  the  most  prominent  and  abundant  fossils 
are  unlike  those  of  the  group  in  New  York.  More  careful  examination,  however,  re- 
veals the  fossils  which  characterize  this  group  at  the  East,  and  also  at  the  same  time 
some  obscurely  similar  lithological  characters.  Similar  lithological  changes,  accom- 
panied by  like  changes  in  fossils,  occur  in  more  limited  districts  within  the  State  of 
New  York. 

The  most  marked  and  important  changes,  however,  appear  to  be  in  the  higher  rocks 
of  the  New  York  system.  The  Hamilton  group  and  Marcellus  shale,  which  in  New 
York  have  a  thickness  of  1,000  feet,  have  diminished  to  100  where  last  examined;  and 
from  being  the  group  most  prolific  in  fossils,  as  it  is  in  New  York,  it  has  become  en- 
tirely barren  of  them.  The  rocks  forming  the  Portage  and  Chemung  groups,  which 
in  their  greatest  development  in  New  York  are  scarcely  less  than  3,000  feet  in  thick- 
ness, and  in  Pennsylvania  much  more,  have  in  Indiana  diminished  to  as  many  hun- 
dred. The  upper  of  these  groups,  from  being  extremely  fossiliferous,  has  become 
almost  destitute  of  these  characters,  so  that,  at  the  farthest  extreme  examined,  they 
furnish  but  an  equivocal  guide.  In  those  groups  lithological  character  is  more  per- 
sistent than  fossils,  and  it  requires  a  knowledge  of  the  superposition  to  identify  them 
satisfactorily.    The  greater  thickness  of  these  sedimentary  deposits,  and  the  greater 


1  Third  Annoftl  Keport  of  tbe  4th  Geological  district  of  New  York.  Third  Auniial  Keport  of  the 
Geological  Survey  of  New  York.    Albany,  1839,  pp.  288, 289. 

*NoteH  uxplunntory  ot  a  oeotioii  from  Cleveland,  Oliio,  txt  the  MitiHinnippi  Kiver,  in  a  souchweat  di- 
rection ;  wltb  romarka  apon  the  ideiitity  of  the  western  formatluuii  with  those  of  New  York.  Assoo. 
I.  Geol.  Trans.,  1843,  pp.  289-29L 
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development  of  fomils  oconrriiig  at  the  same  point,  proves  the  organic  forms  to  have 
!  flourishe<l  in  a  littoral  position;  and  beyond  these  points,  where  the  thinning  of  the 

J  strata  indicates  a  greater  distance  from  the  shore  the  fossils  dimiuiHli.  and  at  the  more 

j  distant  and  deeper  points  are  not  foand  at  all.    There  is  no  evidence  of  denudation 

-  in  these  instances,  and  if  there  had  been  the  parts  left  would  have  retained  the  same 

']  fossils,  had  it  ever  contained  them,  as  they  do  farther  east. 

I  Throughont  that  part  of  the  ancient  ocean  now  occupied  by  Ohio,  Indiana,  Mich- 

iigan,  Illinois,  and  even  to  the  west  of  the  Mississippi,  there  appears  to  have  li«*(.*u 
comparatively  a  small  number  of  living  forms  exlHting  from  the  period  of  the  final 
deposition  of  the  Helderberg  limestones  io  the  commencement  of  the  Carbimiferoiu 
j  period;  while  in  Now  York,  during  the  same  period,  there  were  a  greater  number  of 

i  forms  and  individuals  than  in  all  the  preceding  periods.    Without  desiring  to  dim  in- 

]  ish  the  value  of  fossil  characters  as  means  of  identifying  strata,  it  mnst  slill  be 

i  acknowknlged  that  similar  conditioiui  in  the  bed  of  the  ocean,  and  apparently  Himilar 

\  ilepth  of  water,  are  requireil  to  give  existence  or  continuation  to  a  ufLifonu  fauna; 

and  when  we  pass  beyond  the  points  where  those  conditions  existed  in  the  ancient 
ocean,  we  lose  in  the  same  degree  the  evidences  of  ideutity  founded  upon  fossiU. 
S<uue  species,  it  is  true,  have  lived  onward  through  successive  depositions,  often  of 
very  ditferent  nature ;  yet,  at  the  same  time,  these  may  not  have  had  a  very  wide 
geographical  range.  In  the  case  before  us,  some  species  have  lived  during  the  deposi- 
tion of  all  the  rocks  from  the  Hamilton  through  the  Chemung  groups,  and  yet  they 
have  never  extended  themselves  as  far  westward  as  Ohio  and  Indiana,  although  tbo 
nature  of  the  deposits  there  was  as  favorable  to  their  existence  as  in  New  York. 

For  the  dint^uce  of  100  or  :200  miles  from  the  shores  of  the  present  continents  the 

forms  may  be  similar — we  know  not  but  they  are — still  who  can  say  what  changes  may 

oi'cur,  or  whether  any  exist  in  the  depths  1,000  miles  from  land  f    From  the  nature  of 

j  sedimentary  deposits  it  can  be  only  the  finer  parts  that  ever  reach  to  great  distances 

;  from  their  origin;  and,  reasoning  thus,  the  fanna  of  the  deep  and  distant  parts  of 

I  the  ocean,  if  any  exist,  would  be  nnifonn,  not  being  liable  to  destruction  or  change 

I  of  condition  f^om  the  rapid  invasion  of  variable  deposits  like  those  near  the  shore. 

•  The  deposition  of  a  coarse  sandstone  or  conglomerate  succeeding  to  a  shaly  mass  would 

'  in  all  probability  destroy  the  greater  number  of  living  forms  as  far  as  it  extende<l. 

■  ])ut  at  the  same  time,  the  finer  materials  prt)dnced  by  the  same  cause  would  extend 

far  beyond  the  limits  of  the  coarsi'r,  and  thns  approximating  in  some  degree  to  tht; 

lower  mass,  the  fossilH  might  be  continued  long  after  they  were  destroyed  at  another 

])oiut. 

One  of  the  most  interesting  changes  in  the  products  on  going  westward  i8  the 
great  inrn*ase  ot  carbonate  of  limt^  and  th<'  diminution  of  shaly  and  sandy  matter, 
indicating  adeop«»r  ocean  or  greater  distance  from  land.  The  source  of  the  calcareous 
defKMitH  is  thuH  shown  to  have  been  in  that  direction,  or  in  the  southwest,  while  the 
sands  and  clays  had  their  origin  in  the  east,  southeast,  and  northeast,  producing  a 
turbid  c<»ndition  in  the  waters  of  these  parts  during  long  intervals,  which  was  un- 
favorable to  the  production  of  calcareous  matter  and  the  formation  of  chemical 
depositH.  In  N<'w  York  we  are  evidently  u])on  the  margin  of  this  primeval  ocean,  as 
indicated  in  theeharaeter  of  the  deposits  sm  well  as  organic  remaiuK;  the  sonthwcht 
unfolds  to  us  that  portion  when)  great43r  depth  and  more  quiet  condition  X)re vailed. 

At  a  later  date  he  said : 


J 


1  have  met  with  no  essaj'  upon  the  geographical  distribution  of  fr>s8il8  in  the  older 
rocks  ;  and  the  few  facts  here  an<l  then)  gleaned  serve  rather  to  stimulate  than  tosiit- 
isfy  curiosity.  It  has  been  a  favorite  opinion  of  many,  and  frequently  advanced,  that 
the  rondition  of  this  ancient  ocean  was  uniform  and  its  depth  modrra ft*,  and  that 
the  iiuiforniity  of  orgaiii**  jnodnets  affonls  proof  of  the  same.  Without  pretending 
t4)  refute*  any  theories  or  to  e.stablish  general  efmclnsions  for  the  whole  continent  or 
for  the  whole  ^h»l»e,  1  shall  merely  olKer  a  few  facts  which  have  fallen  under  my  own 
observation,  and  this  with  the  hope  of  calling  the  attention  of  other  observers  to  the 
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Bubjeot  and  aid  in  deciding  the  tme  oaofle  and  amount  of  variation  in  paleozoic  obar- 
aoten  when  examined  over  wide  districts.  We  sliall  donbtless  be  led  eventually  to 
see  in  all  these  changes  the  influences  of  depths  of  water,  distance  from  or  proximity  to 
land,  and  t\e  infliksnee  of  ike  nature  of  fkat  deposit  which  formed  the  bed  of  the  ocean, 
on  which  the  animals  lived.  Every  one  of  these  causes,  and  perhaps  other  minor  ones, 
have  influenced  the  present  character  and  condition  of  our  older  fossiliforous  deposits. 
All  these  circumstances  influence  the  organic  productions  of  our  present  ocean,  what- 
ever may  be  the  climate  ;  and  we  have  every  proof  that  the  same  causes  operated  in 
this  ancient  sea,  where,  although  depth  and  temperature  may  have  been  more  uniform, 
yet  these  could  not  have  been  paramount  to  all  other  influences.^ 

He  then  proceeds  to  correlate  the  strata  of  the  Mississippi  Basin  with 
those  of  the  New  York  section  by  means  of  the  contained  fossils,  and 
where  possible  the  order  of  stratigraphic  succession. 

Emmons. — In  a  geological  report  of  the  midland  connties  of  North 
Carolina,  Dr.  E.  Emmons,  in  1S56,  spe^iks  of  the  classilication  of  the 
sediments  and  says  in  this  connection : 

Superposition  is,  however,  the  highest  proof  of  age,  the  oldest  occupying  the  in- 
ferior i>osition. 

The  bearing  which  fossils  have  to  any  scheme  of  classiflcattou  which  has  been 
proposed  can  be  understood  only  by  a  Icnowledge  of  the  following  laws:  (1)  That 
species  or  kinds  have  had  a  limited  duration  ;  (2)  that  there  has  been  a  succession  of  species; 
and  (3)  that  the  species  of  oneperiody  and  which  have  become  extincl,  have  iwver  lired  in 
any  future  period.  The  utility  of  the  knowledge  of  fossils  is  based  on  thesu  thret;  laws. 
This  kuowlo<lge  is  particularly  useful  in  comparing  rocks  which  arc  widely  sepanitod 
from  each  other,  or  in  those  cases  where  direct  sui)erposition  can  not  bo  obsorvod.  If, 
fur  example,  certain  rocks  in  Canada  furnish  a  group  of  fossils  similar  to  those  of  a 
given  series  in  Tennessee,  the  inforence  would  be  that  they  belonged  to  the  same 
period  and  hence  occupy  the  same  geological  position ;  or,  if  we  compare  the  fos- 
sils of  the  coal  formation  of  England  and  America  it  will  be  found  that  the}'  are 
almost  identical ;  and  it  is  proved  also  that  the  position  relatively  is  the  same  in 
both  countries,  though  separated  fn>m  each  other  3,000  miles.  ^ 

The  extension  of  the  New  York  section  to  the  south  along  the  liucof 
the  Appahichian  Mountains  was  principally  the  work  of  the  Kogers 
Brothers  and  Prof.  Safford. 

Rogers. — As  geologists  Messrs.  H.  D.  and  W.  B.  Rogers  traced  the 
the  formations  by  stratigraphic  continuity,  litliologic  characters,  serial 
relation,  and  the  presence  of  similar  fossils  as  in  the  Trenton  limestone, 
etc.  I  have  not  met  with  a  statement  of  their  views  of  geologic  correlation 
except  in  incidental  remarks.  In  a  reply  made  to  Prof.  James  llall, 
who  had  congratulated  the  Profs.  Kogers  that  they  had  borne  such  able 
evidence  to  the  value  of  organic  remains  in  determining  the  age  of 
rock.  Prof.  W.  B.  Kogers  said  -? 

That  they  had  not  been  understood  on  this  point;  they  had  followed  out  the  in- 
tricate strnctural  geology  of  Ponnsylvania  and  Virginia,  relying  chiolly  on  litiioiog- 
ical  characters,  and  hod  found  to  their  great  gratification  that  they  had  been  working 
in  parallel  planes  to  the  New  York  geologists,  whose  labors  among  the  regular  and 

>  Nature  of  tlic  Htrntii  and  >;eo^nipliiral  (listribiitinn  of  the  or);;inir  roiimins  iu  the  oUli'r  forniAtions  of 
the  United  Stato«.    I^onton  Jour.  Nat.  Hint.,  vol.  ,'>.  1845,  ^p.  2,  W. 

'Goolo};ical  i-eiiort  of  the  midland  conntien  of  North  CnroHua.    New  Vork  and  Ilaleip:h,  185C,  p.  21. 

'  A  flVHtiMn  of  cluHHification  and  nomenclature  of  the  pahmz.oic  rockH  of  the  United  StatoH,  with  an 
account  of  tlioir  di^tributiou,  morr  particularly  iu  the  Appalachian  Mountaiu  Chain.  Am.  Joar.  Soi., 
vol.  47.  1844,  p.  112. 
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horizontal  strata  of  that  State,  relying  on  the  evidence  of  fossil  remains,  had  brought 
oat  results  in  the  main  quite  consistent  with  the  determinations  of  the  Virginia  and 
Pennsylvania  strata. 

In  an  address  before  the  Association  of  American  Geologists  and  Nat- 
uralists, Prof.  Henry  D.  Kogers,  in  speaking  of  the  tracks  iu  the  sand- 
stone of  the  Connecticut  Valley,  says : 

Of  the  organic  remains,  throagh  an  invostigation  of  which  alone  we  can  hope  to 
establish  the  position  of  these  strata  in  the  scale  of  time,  or  reach  definite  conclnsions 
respecting  the  physical  conditions  under  which  they  were  produced,  the  most  instruc- 
tive are  the  remarkable  bird  tracks,  brought  to  light  by  Prof.  Hitchcock,  in  Con- 
necticut and  Massachusetts. 

Guided  by  mere  lithological  resemblance,  Maclure  imagined  this  stratum  to  be  the 
I '    ^1  equivalent  of  the  Old  Red  Sandstone  of  England.* 

\  These  passages  imply  that  Profl  Henry  D.  Rogers  considered  pale- 

ontological  evidence  of  the  highest  value  in  correlation,  although  in  his 
I :  I  work  in  Virginia  he  relied  largely  upon  stratigraphic  relations  and  lithol- 

i  ^  f  ogy  for  the  correlation  of  the  Virginia  with  the  Pennsylvania  formations. 

The  correlation  of  the  sandstone  beneath  the  Trenton  and  Magiiesian 
limestones  of  Pennsylvania,  by  Prof.  H.  D.  Sogers  and  those  that  sac- 
ceeded  him,  was  based  upon  the  stratigraphic  pFosition  of  the  sandstone 
and  the  presence  of  ScoUthtis  linearisj  a  fossil  believed  to  be  common  to 
the  Potsdam  sandstone  of  New  York  and  the  lower  sandstone  of  Penn- 
sylvania. 

The  evidence  of  the  identity  of  the  sandstone  with  that  of  the  Pots- 
dam sandstone  of  New  York,  on  the  stratigraphic  succession  and  i)08i- 
tion,  is  as  follows : 
(1)  The  formation  is  beneath  a  series  of  limestones,  a  portion  of  which 
■  is  identified  with  the  Trenton  limestone  by  the  contained  fossils. 

i  (2)  The  sandstone  rests  unconformably  upon  the  crystalline  gneisses 

I  forming  the  basal  rocks  of  the  Paleozoic  period  of  Pennsylvania. 

j  (3)  The  litliologic  characters  of  the  sandstone  formation  corresponded 

'  to  that  of  the  Potsdam  sandstone  of  New  York. 

The  paleontologic  evidence  is  the  presence  of  the  annelid  borings 
called  Scolithus  linearis  in  the  sandstone  of  New  York  and  Pennsyl- 
!  vania. 


1 

j      i  When  once  established  this  correlation  was  adopted  and  used  by  the 

first  survey  of  Pennsylvania  and  also  the  second,  but  not  altogether 
without  protest  by  some  of  the  workers  in  the  latter.  Mr.  d'Invilliers' 
calls  attention  to  this  correlation  of  the  Potsdam  in  the  following  words: 

It  would  be  Hafer  to  iiaino  thiH  formation  the  Reoiding  sand^tonef  but  in  the  dcscrip- 
|i  tions  of  its  outcrops  alonj;  the  Little  Loliijjh,  the  Lehigh,  and  the  Delaware  Rivers, 

in  Vol.  I  of  this  report,  it  has  beeu  called  VotHdam  sandttonej  taking  for  grante<l  that 
any  sand  formation  underneath  the  Magnesian  limrstones  of  the  Great  Valley  must 
be  the  same  sand  formation  which  in  uorthorn  Now  York  underlies  the  Corniferous 
[Calciferons?],  Chazy,  and  other  limestones  of  the  Mohawk  Valley, 


>  On  American  fr(^loi;y  and  ))re8ent  condition  of  f;colo;;ical  rofloarch  in  the  TTnitftd  St*t««.  Am. 
Jour.  Sci.,  vol.  47,  18*4,  p.  248. 

'T1i«- ;;ooloi:y  of  the  South  Mountain  Belt  of  Dcrks  County.  SSecond  Goul.  Surv.  of  PeniL,  D3.  vol. 
%  1863,  p.  90. 
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On  the  map  of  Adams  County,  based  upon  the  results  of  geological 
work  of  Dr.  Persifor  Frazer,  the  quartsite  resting  upon  Azoic  is  iden- 
tified as  Potsdam,  with  a  question  mark. 

Saffard. — In  his  first  report  upon  the  geology  of  Tennessee,  Prof.  J. 

M.  Safford  describes  the  method  of  the  grouxnng  of  the  strata  into  for- 
mations.   He  says :  ^ 

We  often  meet  with  a  seriea  of  adjacent  strata  sfmilar  in  many  reapertH,  so  mnch 
BO  that  they  can  conveniently  be  thrown  together  in  a  single  group  or  formation,  as 
snch  a  series  is  often  termed. 

He  says  further: 

For  example,  the  aandstoney  slates,  and  coal  which  form  the  npper  part  of  the  Cum- 
berland Table-land,  are  grouped  in  &  formation,  called  the  Coal  Measures,  with  the  fol- 
lowing among  other  common  characters :  First,  coal  is  found  at  intervals  tliroughont 
the  series;  secondly,  there  is  very  little  limestone  or  calcareous  matter  in  the  series  ; 
thirdly,  the  strata  are  parallel,  and  appear  to  have  been  formed  in  siicccsHion,  under 
similar  circumstances;  fourthly,  the  same  fossils,  such  as  difTerent  species  of  petri- 
fied shells,  leaves,  branches,  and  trunks  of  trees,  etc.,  occur  imbedded  in  the  rocks 
throughout  the  length  and  breadth  of  the  series.  Characters  siniihir  to  these  unite 
the  strata  of  all  the  formations. 

The  character  last  mentioned  we  must  refer  to  more  particularly,  on  account  of  its 
great  importance  in  designating  with  precision  the  group  to  which  local  and  isolated 
beds  of  rock  belong. 

In  defining  the  use  of  fossils  it  is  stated  that  each  formation  has,  in 
groat  part,  its  own  fossils. 

Most  of  those  found  in  one  do  not  occnr  in  any  other.  Upon  this  fact  depends  their 
great  utility.  They  furnish,  when  known  well  enougli  to  be  recognized,  unmistak- 
able evidence  of  the  geological  jmsition,  and  hence  the  general  character  of  the  for- 
mation in  which  they  are  found. 

From  these  observations  of  Prof.  Saftbrd  we  postulate  the  principles 
of  correlation  which  he  used,  as  follows: 

I.  Stratigraphic  position. 
IL  The  occurrence  of  similar  fossils. 
III.  Lithologic  characters. 

CANADA. 

The  New  York  aeries  was  traced  into  Canada  by  Sir  Wm.  E.  Logan 
and  his  associates  and  correlations  made  by  direct  stratigraphic  connec- 
tion, and  in  the  absence  of  that,  paleontologic  data,  stratigraphic  rela- 
tions, and  lithologic  characters. 

Logan, — In  speaking  of  the  stratigraphic  succession  of  the  New  York 
and  Canadian  sections  Sir  W.  E.  Logan  makes  the  following  reference 
to  the  fossiliferous  limestone  above  the  Calciferous  sandrock,  or  the 
Trenton  limestone : 

The  lowest  of  the  fossiliferous  strata  is  a  sandstone  of  variable  quality,  more  purely 
siliceous  towards  the  bottom,  and  calciferous  towards  the  top,  which  gives  support 
to  a  thick  and  remarkably  persistent  deposit  of  limestone,  strongly  distinguished  by 
its  organic  remains.     This  limestone  thus  becomes  an  admirable  means  of  tracing 

>  A  geological  retuinnaiasaiico  of  Tenneflnee ;  first  bienniftl  report,  Naahvillo,  1H50,  pp.  130, 131. 
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ont  tli(>  perimeter  of  tlio  great  wostem  area  ander  coDsideration.  From  the  oortb- 
wvM  Ixirder  of  North  Carolina  it  sweeps  iu  a  hroad  holt  acrotitt  Virginia  to  thu  juDc- 
tion  of  th('  SIiHiiaiidoah  and  Potomac.  Thence  traverbiDg  Mar^'Iand,  it  paeMM 
through  PennHylvunia  hy  Harrishurg,  on  the  Susciuehanna,  and  Belridere,  on  the 
l>e1awaro,accompanied  np  to  this  point  by  the  underlying  Haudstone.  Diminished  in 
its  thickneHS,  it  thence  crosses  Now  Jersey,  and  reaching  Poughkeepsie  it  pasHes  np 
the  valley  of  the  Hudson  and  Chainplain,  keeping  to  the  oast  of  the  river  and  the 
lake,  and  attains  the  ncigh1>orhood  of  Mlssisquoi  Bay.  Enterijig  Canada,  it  pro- 
ceeds towards  Quebec,  and  it  reaches  the  vicinity  of  that  fortress ;  but  I  am  not  yet 
aware  of  the  precise  spots  at  which  it  is  visible  in  its  course  thither,  farther  than 
■  i  that  I  have  been  informed  astratitied  limestone  answering  its  condition  is  quarried 

and  burned  in  the  Seignory  of  St.  Ilyacinthe,  east  of  the  Yamaska  River.^ 

He  states  that  the  city  of  Quebec  does  not  stand  on  this  limestone, 
but  it  is  found  below  the  city  on  the  north  shore  of  Beaa|K)rt  and 
farther  down  the  river  to  Oai)e  Tournient.    Following  up  the  valley  of 
the  St.  Lawrence,  it  is  found  to  run  along  the  foot  of  a  range  of  syen- 
.  II  itic  hills,  and  it  leaves  the  river  in  the  vicinity  of  Montreal  and  again 

>}  appears  in  the  Ottawa  Basin.    He  then  describes  its  extension  south 

along  the  valley  of  Lake  Cham  plain,  and  west  through  the  valley  of 
the  Mohawk  and  Black  Kiver  and  north  of  Lakes  Ontario,  Huron,  and 
Michigan,  to  Wisconsin,  following  thus  the  correlation  made  by  Hall. 
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The  extension  of  the  Oanadian  nomenclature  to  Newfoundland  was 
the  work  of  Messrs.  Logan  and  Billings.  In  tracing  the  Paleozoic  for- 
mations down  the  St.  Lawrence  Kiver  from  Montreal,  Logan  found  that 
^  a  series  of  sandstones  occurs  beneath  the  Calciferous  sandrock,  which 

was  well  recognized  beneath  the  Trenton  limestone.  The  sandstones 
rested  unconformably  upon  the  subjacent  Archean.  A  long  interval 
(ovists  between  these  exposures  and  those  on  the  north  side  of  the 
Straits  of  l>e.lle  Isle,  where  sandstones  and  limestones  are  superjacent 
to  the  Archean.  In  his  lirst  expression  of  opinion  he  calls  the  sand- 
stones the  l*otsdam,  from  their  stratigrai)hic  position  and  litholo;:ic 
eharjicter.  Wiien  the  fossils  which  were  obt^iined  from  the  associated 
liniest4)nes  were  examined  by  Mr.  r»illings  and  found  to  be  identi<'al 
with  those  that  he  had  referred  to  the  Lower  Potsdam  in  N'ermont,  the 
strata  on  the  north  si<le  of  the  Straits  of  Belle  Isle  were  rt^leried  with- 
out reserve  to  tht^  Potsdam  horizon,  and  those  occupying  a  si  miliar 
I)osition  on  the  west  of  Newfoundland  were  also  similarly  referred.^ 

When  <*orrelating  the  Lower  Cambrian  sandstones  and  slates  of 
iiorLliern  \'ermont  witli  the  limestones  and  sandstones  of  the  north 
shore  of  the  Straits  of  Belle  Isle,  ui)on  the  lithologic  and  paleontologic 
simihirities  between  the  twodeposits,  Mr.  E.Billings  states  that  although 
H(»()  miles  distant  from  each  other  tliere  can  belittle  doubt  that  thev 
art*,  of  the  same  afire. 


'  I  Account  of  m'iu«ral  Htriiciuro  of  an  oxtt'nded  aroain  North  America.  |    Geol.  Survey  Can.vla.  lie- 
port  of  I»ioj,MihH  for  1KJ3,  1H45.  p.  8. 

*(J«'olo<,McalSiiivry  of  (Janada ;  Koport  of  Pro^osH  from  ita  comiucMiceniont  to  IWS,  i»p.  97,  2i«. 
280,8fr»,8(M.    Moiiticul,  lSt>3. 
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The  ocoorrence  of  Seoliihu$  litieariB  and  the  general  aspect  of  the  fbsBils  also  show 
that  these  rocks  mnst  he  very  nearly,  if  not  exactly,  in  the  same  geological  horizon 
with  the  Upper  Primal  sandstones  and  slates  of  Pennsylvania.^ 

The  Lower  Paleozoic  rocks  of  Newfoundland  were  correlated  with 
those  of  Canada  by  Sir  W.  E.  Logan  upon  the  evidence  of  the  fossils 
and  their  stratigraphic  position.  The  fossils  were  identified  by  Mr. 
Billings,  and  the  stratigraphic  geology  was  studied  by  Messrs.  Richard- 
son, Murray,  and  Howley* 

Dana. — ^Prof.  J.  D.  Dana  availed  himself  of  the  correlations  made  by 
the  New  York,  Canadian,  and  other  surveys  in  the  preparation  of  the 
earlier  editions  of  his  Manual  of  Geology.  The  Manual  is  a  masterly 
compilation  of  the  available  data  upon  broad  principles  of  correlation, 
and  as  it  went  at  once  into  the  hands  of  all  American  geologists  and 
students  its  influence  has  been  widespread.  The  principles  of  correla- 
tion mentioned  are  outlined  in  the  following  paragraphs : 

But  the  question  may  arise  whether  a  geological  age  is  not,  after  all,  strongly 
markecl  off  in  the  rocks.  Rocks  are  hut  the  moving  sands  or  the  accnmnlatious  of 
<loa4l  relics  of  the  age  they  represent,  and  are  local  phenomena,  as  already  explained* 
Each  continent  has  its  special  history  as  regards  rock-making,  and  it  is  only  through 
the  fossilfl  in  the  rocks  that  the  special  histories  are  combined  into  a  general  sysleui. 
Movements  have  in  all  ages  disturbed  one  hemisphere  without  aifecting  the  other, 
causing  breaks  in  the  succession  of  rocks  in  one  continent  or  part  of  a  continent  that 
have  no  representatives  in  another. 

When  an  ago  can  be  proved,  through  careful  study,  to  have  been  closed  by  a  catas- 
trophe or  a  transition  which  was  universal  in  its  ell'ects,  the  event  is  accepted  as  a 
grand  and  striking  one  in  geological  history.  But  the  proof  should  be  obtained 
before  the  universality  is  assumed.    Hence  the  conclnsion : 

Fourthly.  The  grander  subdivisions  or  ages  in  geological  history  based  on  organic 
progress  should  be  laid  down  independently  of  the  rocks.  They  are  universal  ideas 
for  the  globe.  The  rocks  are  to  be  divided  off  as  nearly  as  practicable  in  accordance 
with  Ihcm. 

Each  continent,  under  these  ages,  then  becomes  a  s]>ecial  study,  and  its  history  has 
its  periods  and  epochs  which  may  or  may  not  correspond  in  their  limits  with  tliosu  of 
the  other  continents.  Every  transition  in  the  strata,  as  from  limcMtouo  to  sandstone, 
clay  beds  or  conglomerate,  or  from  either  one  to  the  other,  and  especially  where  there 
is  also  a  striking  change  in  the  organic  remains,  indicates  a  transition  in  the  era  from 
one  sot  of  circumstances  to  anotlier;  it  may  be  a  change  from  one  level  to  another  in 
the  continents,  a  submergence  or  emergence  or  some  other  kind  of  catastrophe.  All 
such  tniiisitions  mark  great  events  in  the  history  of  the  continent,  and  thns  divide 
the  era  into  periods,  and  periods  into  epochs,  and  ex>ochs,  it  may  be,  into  subepochs. 
Hence — 

Fifthly.  Through  the  ages  each  continent  had  its  special  history  ;  and  the  periods 
and  ex>och8  in  that  history  arc  indicated  by  changes  or  transitions  in  the  rook  forma- 
tions and  their  fossils. 

It  Im  greatly  to  tln^  assistance  of  research  that  some  of  the  revolutions  of  the  globe 
have  i)rol)ably  been  nearly  or  qnite  universal.  The  one  preceding  the  Mammalian 
age  ai)i»ears  to  bo  an  examide ;  although,  even  with  regard  to  this,  further  investiga- 
tion is  required  before  its  actual  universality  can  be  regarded  as  established.  But 
the  periods  and  epochs  of  America  and  Euro])e  are  not  in  general  the  sanke  in  their 


M*aloo7oio  fonHils.  Containing;  doHcriptionH  and  tli^res  of  now  or  liltlo  known  Hpt^cies  of  nrpinic 
i^niain.H  from  tlio  SiliiriHu  lockrt.  Vol.  I.IKCU  lR65,p.  2.  Montreal.  18S5.  First  printed  in  18G1  in  a 
bulletin  inMued  by  tho  ( ri--oloKicHl  Survey  of  Canada. 
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limits.  A  ueu  eonteniporsoeity  in  tooka  msy  be  proved,  bnt  not  in  the  tranmitian* 
from  one  rock  to  another.  For  example,  the  Devonian  af^  has  a  very  diSurent  serice 
of  iieriodH  and  epochs  iu  North  A.merica  Arum  wliat  it  lias  in  Europe,  Mtd  there  ii 
even  coneiderable  divenjt;  between  the  epochs  of  Now  Yurk  and  the  AtI»ntio  alops 
'  and  those  of  the  Hiasiaaippi  Vallej.  The  Carbon ifeioua,  Reptiliao,  and  MamroalJan 
ages  also  have  theit  Amerioanepooha  and  their  European,  differing  ttom  ooeknotlier; 
and  the  diffnrenoea  between  the  oontioents  increase  as  we  come  down  to  more  modem 
times.  There  are  Tertiary  and  Cretaoeoas  rocks  in  America  as  well  as  Enropn,  bat 
there  is  little  reason  for  the  aaaumption  that  the  tranititions  from  one  set  of  Tertiary 
or  Cretaceons  strata  to  another  were,  in  the  two,  conteinporaneous.  The  point  ehould 
be  proved,  not  assumed.    We  add,  therefore, 

SMMy.  Itiaau  importaat  object  in  geology  to  ascertain  as  nearly  sn  poesible  tiM 
parallelism  hetweeo  the  periods  and  epochs  marked  olf  oa  each  continent,  and 
atu<ly  ont  the  precise  tquivalentt  of  the  rocks,  each  for  each,  that  all  the  special 
hiatoriOB  may  read  as  parts  of  one  general  hiatorj,  and  Uius  contribnte  to  the  per- 
fection of  one  geological  HyHtein.' 


The  Lower  Paleozoic  rocks  of  tliia  re^on  were  correlated  with  tbose 
of  New  York  by  Messrs.  Owen,  Locke,  Hall,  and  others,  ufliially  witli- 
ont  stating  tlie  data  except  b;  implication  (e.  g.,  speakingof  the  Tren- 
ton limestone  of  New  York  as  a  limestone  carrying  certain  fossiU  and 
sujieijacent  to  a  marked  formatiou,  the  Calciferons  sandrock  of  New 
York  or  the  Lower  MagnesiaQ  limestone  of  Wisconsin,  etc.).  Thns  the 
correlation  is  based  upon  stratigrapbic  position,  presence  of  similar 
fossils,  and  lithologic  cbaraotera. 

Hall. — The  following  observations  by  Prof.  Hall  are  a  good  illnstrft- 
tiou  of  the  method  by  which  the  Potsdam  sandstone  of  New  York  was 
correlated  with  the  lower  eandHtone  of  the  Mississippi  Valley  section :' 

In  comparing  the  older  rucks  nf  New  York  anil  of  the  East  generally  with  tho.ieof 
the  West  it  should  nut  be  forgotten  that  there  is  a  lung  interval  on  the  linu  of  the 
nnrtliern  outcrop  of  these  anciout  strata  betwoco  the  St.  Lawrence  and  thp  wi^artTii 
limit  of  Michigan  on  the  Menomonee  River,  where  we  can  expect  little  aid  from  pale- 
ontology. The  fosslliferous  boils  of  these  ancient  foruiations  in  Wiacunslu  lie  to  the 
west  of  what  appears  to  have  been  a.  great  promontory  at  the  time  of  their  depMi- 
tlon,  Htretching  southward  from  the  region  of  Lzike  Superior  far  into  the  ancient  sea. 
The  diaconnection  causoil  by  this  promontory  between  the  East  and  the  West  wonld 
of  itself  prepare  ns  to  expect 'a  fauna  difl'ering  in  a  great  degree  from  beds  of  cori«- 
sponding  age  on  the  opposite  aides. 

It  has  been  shown  by  the  investigations  of  the  Canadian  Survey  that  not  only  the 
Potwlara  sandatono  but  all  the  foseiliferoua  beds  below  the  Birdaeye  and  Illock  River 
e  absent  from  Kingston,  on  Lake  Ontario,  to  Locloche,  on  lake  Huron. 
u  Laclocho  to  Lake  Superior  there  ia  a  aaudatone  couiing  in  helow  tlio  Birdscye 
stone,  which,  from  ita  position,  may  be  oonaidered  as  of  the  age  of  the  Chaty'  for 
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of  Geolocy,  lit  ed..  Now  lUvon,  l««a,  pp.  1!S-1SS. 
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mation  and  equivalent  to  tbe  St.  Peters  sandstone  of  WisennRin  and  Minnesota,  and 
it  is  this  sandstone,  doubtless,  which  has  been  taken  for  the  Potsdam  sandstone  in 
some  localities  along  that  line. 

The  snccee<ling  Birdseye  and  Black  Biver  formation  from  Lacloche  to  Lake  Supe- 
rior has  become  a  bofif-oolored  magnesian  limestone,  or  weathering  externally  to  this 
color,  bnt  still  holding  the  characteristic  fossils. 

Id  New  York  a  sandstone  (tl^e  Potsdam)  lies  immediately  beneath  a  magncsian 
limestone  (the  "  Calciferons  sandrock");  this  deposit  is  sncccedcd  by  a  calcareons 
formation  (the  Chasy),  including  a  sandstone  and  surmounted  by  the  Birdsoycs  Black 
River,  and  Trenton  limestones. 

In  Wisconsin,  Iowa,  and  Minnesota  we  have  undoubted  Trenton  limestoDe,  and 
below  it  a  buff-colored  magnesian  limestone  containing  so  many  of  the  characteris- 
tic fossils  of  the  Birdseye  and  Black  River  limestones  as  to  leave  no  doubt  of  the 
parallelism  of  these  beds  with  those  of  New  York.  Below  this  magnesian  liinostone 
we  have  the  St.  Peters  sandstone,  corresponding,  as  already  shown,  with  the  Chazy 
formation,  and  beneath  this  a  magnesian  limestone,  which,  in  its  poHition  and  lith- 
ological  character,  corresponds  in  all  respects  with  the  "  Calciferous  sandrock"  of  Now 
York. 

It  is  from  all  these  facts  that  the  lower  sandstone  of  the  Upper  Mississippi  Valley 
has  been  placed  in  parallelism  with  the  sandstone  of  New  York  known  as  the  *'  Pots- 
dam." 

Notwithstanding,  however,  that  this  sequence  is  precisely  like  that  observed  in 
New  York  it  may  not  yet  be  regarded  as  proved  that  the  sandstone  from  whicli  I 
have  described  these  fossils  is  in  all  respects  the  equivalent  of  the  Pot-sdain  sand- 
stouo  of  New  York,  Vermont,  and  Canada.  It  may  represent  more  or  it  may  rci)re- 
sent  less  than  that  formation.  The  lower  accessible  beds  of  the  Mississippi  Valley 
may  represent  the  Potsdam  of  150  or  200  feet  in  thickness  in  the  typical  localiticH  in 
New  York,  while  the  middle  and  upper  beds  of  the  West  may  bo  of  epochs  not  repre- 
sented in  that  pait  of  the  series  studied  in  New  York ;  and  in  some  other  places,  as 
in  the  regions  just  mentioned,  the  same  epochs  may  be  represented  by  a  slialy  or 
semi-calcareous  deposition,  or  may  be  included  in  the  comnienceniont  of  the  Calcifer- 
ous epoch.  It  should  not  therefore  be  regarded  as  decided  that  thu  PotMaui  saiul- 
stoue,  as  developed  in  New  York,  occupies  the  entire  interval  from  the  base  of  the 
oldest  sedimentary  formation  of  tlie  Paleozoic  era  to  the  Calciferous  sandstone.  From 
what  we  know  of  the  Primordial  fauna  in  other  localities  we  are  prepared  to  find 
beds  above  or  below,  or  both  above  and  below,  the  epoch  represented  (so  far  as  now 
known)  by  the  Potsdam  sandstone  of  New  York,  and  which  may  still  be  of  the  same 
period. 

WinchelL— It  is  stated  by  Prof.  N.  H.  Winchell  that— 

It  has  been  abundantly  proved  that  the  red  sandstones  of  Lake  Superior,  however 
disturbed  and  changed  locally,  or  however  much  increased  in  thickness  by  the  agency 
of  volcanic  outbursts,  are  the  exact  equivalents  of  the  New  Y'ork  Polsdam,  Tliey 
occupy  the  first  position  over  the  metamorphic  slates  of  the  ILuronian  rocks  on  which 
they  lie  unconformably,  and  froni  which  they  differ  in  being  but  slightly  and  only 
locally  metamorphosed.  They  retain  usually  their  evidently  sedimentary  characters, 
and  have  not  well  preserved  fossil  remains.^ 

He  also  publishes  a  table  showing  the  number  of  species  coniinou  to 
various  Silurian  formations  of  the  Lake  Superior  district  and  New  York 
State,  and  calls  attention  to  the  fact  that  tliree  species  only  are  found 
in  the  Lake  Superior  sandstone  and  the  typical  Potsdam  sandstone  of 
New  York. 

iQfinorftl  nketch  of  the  {^volop^y  of  Minnesota.  Geol.and  Nat  Uist.  Survey,  MiunoBota,  Ist  Ann. 
Bep.  for  1872, 1873,  p.  68. 
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The  correlation  by  Pro£  K".  H.  Winchell  of  the  "  Granular  Quartz  ^ 

-'A  and  the  "  lied  naudrock  ^  of  Vermont  with  the  "  Potsdam  ^  8andstone 

of  the  Upper  Mississippi  Valley  and  the  ^'  Primordial "  quartzite  of  the 

Northwest  appears  to  be  based  upon  the  tsLot  that  the  ^^  Granular 

Quartz"  of  Vermont  and  Massachusetts  rests  unconformably  upon  the 

.  '^I  Archean,  and  that  a  similar  quartzite  is  superjacent  to  Archean  rocks 

in  the  Mississippi  Valley.  This  same  principle  of  correlation  appears 
'i  in  his  statement  that  the  stratigraphic  relations  of  the  ^<  Granular 

Quartz"  and  the  Potsdam  of  New  York  are  the  same.  He  says:  ^'In 
the  first  x)lace,  they  are  seen  to  lie  unconformably  upon  the  older  gran- 
ite."^ 

Messrs.  N.  H.  Winchell  and  H.  V.  Winchell  correlated  the  Winooski 
marble  series  of  Vermont  with  the  Stockbridge  limestone  or  marble 
belt  of  the  southwestern  portions  of  the  State.* 

This  correlation  is  based  upon  (a)  the  assumed  Primordial  age  of  the 
iron-bearing  limestones  and  shales  of  the  Penokee-Gogebic  range  of 
Wisconsin  and  the  Mesabi  range  of  Minnesota,  and  their  assumed  stra^ 
igraphic  identity  with  the  limestones  and  shales  of  western  Vermont, 
which  correspond  to  the  Stockbridge  limestones  and  iron  ores  of  west- 
ern New  England ;  (b)  the  known  Cambrian  age  of  the  Winooski  marble 
series. 

Meek. — As  paleontologist  of  the  Hayden  and  other  surveys  of  the 
interior  and  western  continental  area,  Mr.  F.  £.  Meek's  influence  ui)on 
I  the  correlation  of  fossiliferous  strata  was  important.     His  views  aiiou 

correlation  by  paleontologic  evidence  are  given  in  a  report  on  the  Pale- 
ontology of  eastern  Nebraska,  as  follows :  ^ 


There  are  probably  few  well  informed  geologists  who  will  at  the  present  time 
maintain  that  the  occurrence  of  a  very  similar  or  oven  the  same  group  of  fossils  at 
wi<h^Iy  Hpparatod  localities  necessarily  proves  the  rocks  in  which  they  are  found  to 
\uy  of  oxjxctly  contemporaneous  origin.  The  most  that  is  now  generally  maintained 
in  this  regard  is  that  such  identity  or  correspondence  of  typ<5S  at  very  distantly 
Hoparatcd  parts  of  the  world  indicates  that  the  strata  in  which  they  are  imbeddtti 
wt'iT  forni<;d  during  the  prevalence  of  identical  or  similar  physical  conditions  at 
Home  time  during  the  same  great  geological  epoch,  and  that  they  hold  the  same  or 
nearly  the  same  rtlativc  i)OHition  in  the  geological  column  of  their  respective  districta 
For  instance,  although  a  stratum  in  the  Kocky  Mountains,  containing  the  remains  of 
very  nearly  the  same  fauna  as  some  imrticular  suh division  of  the  Devonian  syst^'m 
of  Europe,  might,  for  aught  we  know,  be  hundreds  of  years  older  or  newer  than  thai 
(  jKirticular  division,  we  would  liave  little  or  no  room  for  doubting  that  it  belonged  to 

j  the  great  Devonian  series,  or  possibly  even  to  some  definite,  known  horizon  in  that 

J  «(Ti<'8.     Wo  could  moreover  very  positively  assert  in  such  a  case  that  it  would  be, 

I  according  to  all  past  experience,  useless  to  seek  there  at  any  lower  geological  hori- 

zon for  workable  beds  of  coal,  or  to  expect  to  tind  Silurian  rocks  or  any  of  their  pe- 


•  The  cryj^tallino  rocks  <»f  Miniu  .sota.  (loneral  report  of  proirrosB  matlo  in  the  study  of  tlieir  fleW 
iiI.itiunH.  SlatriiMMit  of  proWlenirt  yrt  to  ho  Holvod.  GiMjl.and  NaiU  Hist.  Survey  of  Minn.,  17lb  Aun. 
Ki'p.  for  IHkH,  1K«9,  i,.49. 

»  Tlio  Tacouic  Iron  Ort^  of  Afinnesota  and  WoflteruNew  England.  Am.  Geologist,  vol.  «.  IWW.pp. 
•Jfia  274. 

'K.portou  tlio  Paloontolo^yof  oastcru  Nobraska,  iu  Final  llep.of  U.  S.  Gool.  Sarv.  of  Nobraaki, 
\Va.sliinj;Um,  \87'i,  v-  »*A. 
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caliar  prodacts  nibove,  sappoaing  there  liad  been  no  oyertnming  of  the  strata  at  the 
partioalar  Im^alitios. 

Heuce,  although  paleontology  does  not  enable  na  to  ascertain  the  exact  actual  ages 
of  rocks,  when  applied  with  dae  oantion  and  skiH  in  connection  with  a  carefnl  ob- 
servance of  their  stratigraphicai  arrangement  and  lithological  and  other  physical 
characters,  it  does  afiford  the  means  of  fixing  their  relative  ages,  as  well  as  of  identify- 
ing the  same  beds  at  different  localities,  within  given  fields  of  observation,  with  very 
considerable  precision.  It  is  therefore  not  merely  one  of  the  more  important  aids  to 
the  geologist  in  his  investigations,  bnt  in  the  present  state  of  geological  science  it 
is  the  only  sure  gnide  in  classifying  and  determining  the  order  of  succession  of  rocks 
where  this  can  not  be  done  by  their  actnal  continnity  or  obvions  superposition.  For 
these  reasons  it  is  now  the  universal  practice  in  all  geological  surveys  conducted 
upon  sound  scientific  principles  to  devote  especial  attention  to  this  department. 

BOCKT  KOinrrAIlfB. 

Whitney. — In  speaking  of  the  occarreiice  of  the  Primordial  faana  in 
Nevada  Prof.  J.  D.  Whitney  calls  attention  to  the  fact  that  the  fossils 
are  of  Potsdam  age,  and  that  similar  trilobites  and  bracliiopods  occor 
in  Bohemia  in  argillaceoos  shales;  throughout  the  United  States, from 
New  York  to  the  Rocky  Mountains,  in  the  '^  Potsdam  sandstone,  or  in 
the  shales  or  slates ; "  in  Texas  and  in  Nevada,  in  limestone.    He  says : 

This  discovery  will  also  indicate  the  necessity  of  caution  in  theorizing  on  tho  goo- 
logical  structure  and  age  of  regions  which  have  only  been  hastily  examined.  It  will 
not  do  to  put  dowu  every  rod-sandHtone  group  below  the  Trias  in  the  far  west  as 
''  Potsdam,''  for  that  subdivision  may  be  much  lower  down^  hiding  itself  as  a  modest 
liiiiestouo  of  a  very  neutral  tint  of  color.' 

Although  not  stated,  it  is  evident  that  the  principle  of  correlation 
used  is  purely  biologic,  or  the  occurrence  of  similar  fossil  remains. 

Bradley. — When  describing  the  strata  upon  the  western  base  of  the 
Wasatch  range,  near  Ogden,  Utah,  Prof.  F.  fl.  Bradley  refers  the 
qnartzite,  some  1,500  feet  in  thickness,  to  the  Potsdam,  and  the  gray  and 
calcareous  shales  and  b'mestones  above  to  the  Upper  and  Lower  Silu- 
rian.^ A  reference  to  the  Upper  Silurian  was  on  the  assumption  that 
tlie  limestone  was  the  same  limestone  as  that  found  25  miles  to  the 
north,  in  which  the  characteristic  Niagara  coral  Halysites  catennlatu  was 
obtained  by  Dr.  Ilayden  in  1871.  The  data  upon  which  the  other  cor- 
relations are  made  are  not  given.  It  is  probable  and  almost  certain 
that  the  presence  of  a  qnartzite  beneath  the  limestone,  supposed  to  be 
of  Silurian  age,  was  considered  to  bo  suiBcient  for  the  reference  to  the 
Potsdam  sandstone.  lie  correlates  the  glauconite  sandstone  beneath 
the  limestone  of  the  Teton  range  section,  which  carries  Conocory[)he 
and  i)ilielocei)liahiH,  with  the  Knox  sandstone  of  Saiford,  in  Tennessee. 
Beneath  them,  and  often  present  when  they  are  absent,  he  found  from 
50  to  75feet  of  a  very  compiict  ferruginous  qnartzite  "  which  must  rep- 
resent the  Potsdam."^ 


I  Noto  on  the  occiirrcnci^  dT  tho  '*  Priiuonlial  Fanna"  iu  Nevada.  Am.  Junr.  Sci.,  3d  Hor.,  vol.  3, 1872, 
p.  85. 

'  Itoport  of  Frauk  U.  HriuUcy,  p^oolociHt  uf  tho  Snake  River  Divi»ion.  U.  S.  Geol.  Siir.  oF  the  Torr.,  6tb 
Ann.  Hep.  Wra,  p.  IM. 

■Op.cit.p.216. 


li 


Vl  412 


I 


I    -1 


Iff 


THE   CAMBRIAN.  [buluO. 


;Jj  It  i8  evident  that  Prof.  Bradley  had  in  mind  the  Tennessee  section, 

with  which  he  was  familiar,  and  on  finding  a  quartzite,  correspond- 
ing to  the  Ghilhowee  qnartzite,  and  then  a  sandstone  and  shale  corre- 
sponding in  position  to  those  of  the  Knox  section,  he  correlated  the  two 

iji  upon  the  evidence  of  serial  relation  of  similar  deposits  and  the  presence 

of  certain  fossils  in  the  limestone  superjacent  to  the  sandstone. 

Fortieth  parallel  survey. — The  correlations  made  by  the  fortieth  paral- 
lel survey  of  the  Paleozoic  rocks  of  Utah  and  Nevada  with  those  of  the 
eastern  part  of  the  continent,  especially  the  New  York  section,  are 
based  almost  entirely  upon  the  paleontologic  evidence  as  determined 
by  Messrs.  Hall  and  Whitfield.  Within  the  area  of  the  survej'  corre- 
lation^ were  made  both  on  the  stratigraphic  succession  of  beds  of  dif- 
ferent lithologic  character,  and  the  presence  of  similar  organic  remains. 
A  correlation  based  on  the  ^^  likeness  of  two  great  masses  of  rock  to 
each  other  that  occur  beneath  a  known  horizon  "  is  made  by  Mr.  Clar- 
ence King  as  follows : 

Comparing  the  qaartzites  and  argillites  with  those  of  the  Cambrian  section  in 
Wales,  the  likeness  is  too  great  to  pass  unnoticed,  and  in  view  of  the  enormoas  de- 
velopments of  these  low-lyine  rocks  as  compared  with  the  Silurian  lying  above  the 
Primordial  horizon,  I  have  determined  to  draw  a  line  at  the  upper  limits  of  the  Pri- 
mordial period  to  include  the  uppermost  members  of  the  Potsdam  epoch,  and  to  con- 
sider the  whole  underlying  conformable  series  as  Cambrian  down  to  the  point  of 
their  nonconformity  with  the  Archeau.^ 

Uxplorations  and  surveys  west  of  the  one  hundredth  meridian. — The 
correlations  made  in  the  publications  of  this  survey  on  the  Lower  Paleo- 
zoic rocks  are  mainly  by  Mr.  G.  K.  Gilbert  in  his  report  on  the  geology 
of  portions  of  Nevada,  Utah,  California,  and  Arizona.*  Tlie  data  useil 
for  correlation  are,  the  stratigraphic  position,  lithologic  characters,  and 
the  presence  of  fossils  of  previously  determined  range.  No  attempt  is 
made  to  correlate  by  a  study  of  the  minor  details  of  the  faunas  and 
strata  except  in  the  correlation  of  the  Tonto  of  the  Grand  Canon  dis- 
trict with  the  Primordial  formations  of  the  East.  From  the  known 
position  of  the  genus  Cruziana  he  argues  that  the  beds  containing  it 
are  Lower  Silurian  or  Primordial.  Mr.  F.  B.  Meek  compares  the  species 
of  Oleuellus  found  in  central  Nevada  with  O,  thompsoni  and  O.  vermon- 
I  tana  of  Yennont  and  thus  indirectly  correlates  the  faunas.^ 

i  Geological  surveys  of  the  Territories. — The  correlations  made  by  the 

j  various  writers  of  the  Powell  and  Hayden  surveys  were  principally 

based  upon  the  paleontologic  determinations  of  Mr.  F.  B.  Meek  and 
Dr.  C.  A.  White  outside  the  territory  of  the  survey,  and  within  its  ter- 
ritory' on  stratigraphic  positions,  lithologic  character,  and  fossils  when 
present.  In  most  instances  the  data  for  correlation  are  not  given,  the 
identification  of  the  formations  following  that  of  previous  workers  in 
the  same  territory.    An  example  of  this  is  found  in  the  "  Geology  of  the 

»  Paleozoic  sabdivisions  on  the  40th  Parallel.    Am.  Jour.  Scl.,  3d  sor.,  voL  11, 1876,  p.  i7C 

«Expl.  and  Surv.  West  of  100th  Merid.,  voL  3, 1875,  pp.  15ft-171. 

»Op.cit.,pp.l82,m, 
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Black  Hills  of  Dakota,"  where  a  sandstone  characterized  by  Upper 
Cambrian  fossils  is  identified  without  comment  as  the  Potsdam  sand- 
stone. 

XT.  8.  Geological  Survey. — In  the  consolidation  of  the  various  Gov- 
ernment surveys  and  their  reorganization  under  one  head  in  1879  the 
opportunity  for  broad  comparisons  and  studies  was  increased,  and  the 
opportunities  were  still  further  increased  in  1881,  when  the  survey  was 
extended  to  include  the  entire  area  of  the  United  States.  In  the  Bocky 
Mountain  Province  the  correlations  of  the  fortieth  parallel  survey 
were  accepted,  and  extended  in  the  abstract  of  the  report  on  the  geol- 
ogy of  the  Eureka  district  of  Nevada.'  In  the  report  on  the  paleontology 
of  the  district  the  paleontologic  data  upon  which  the  correlations  were 
made  are  assembled  and  described.'  In  this  it  is  shown  that  while  corre- 
lations between  the  great  groups  may  be  extended  between  the  Appa- 
lachian Province  and  the  Bocky  Mountain  area,  it  is  impossible  to 
correlate  the  minor  divisions  of  the  groups. 

In  1886  an  extended  correlation  of  the  rocks  and  fossils  from  the 
Lower  Cambrian,  then  called  Middle  Cambrian,  was  published  in  Bul- 
letin No.  30  of  the  U.  S.  Oeological  Survey.'  Typiciil  sections  are 
given  of  the  Cambrian  rocks  of  the  Atlantic  Coast,  Appalachian,  and 
Bocky  Mountain  Provinces,  with  the  names  of  the  species  of  fossils 
occurring  in  the  various  zones,  and  on  page  44  the  various  sections  are 
correlate<l  and  grouped  in  a  table  to  show  their  relative  range.  The 
principles  of  correlation  are  not  enunciated,  but  those  used,  as  shown 
by  the  text,  are  the  stratigraphic  position  of  the  faunas  in  relation  to 
each  other  in  the  same  province  and  a  comparison  of  the  faunas  in  one 
area  with  those  of  another. 

In  a  more  recent  work^  the  correlations  are  made  between  the  various 
horizons  of  the  Cambrian  of  the  United  States  on  the  stratigraphic 
position  of  the  strata  and  the  occurrence  of  similar  grou2)ings  of  organic 
remains.  It  is  observed  that  the  presence  of  the  Olenellus  fauna  is 
regarded  as  the  strongest  factor  in  the  correlation  of  the  Lower  Cam- 
brian, and  it  is  assumed  that  the  presence  of  this  fauna  indicates  the 
same  geologic  horizon.  It  is  not  implied  that  the  formations  charac- 
terized by  the  Olenellus  fauna  are  strictly  contemporaneous  wherever 
it  has  been  foiuul.  On  the  contrary,  its  presence  in  such  widely  sepa- 
rated localities  as  England,  France,  Spain,  Nevada,  and  British  Colum- 
bia is  considered  as  prima  facie  evidence  that  the  deposits  are  not 
strictly  contemiioraneous.  That  they  were  contemporaneous  in  a  geo- 
logic sense  or  that  they  occupy  the  same  relative  position  in  the  geologic 
series  is  accepted  throughout  the  paper. 

>  Third  Ann.  Kopt.  U.  S.  Geol.  Survey,  1883,  pp. 248-272. 

»  Mong.  U.  S.  Geol.  Survey,  vol.  8, 1884. 

'  Walrott,  O.  D. :  Soooml  contrilintion  to  tho  ntudies  of  the  Cambrian  faiinan  of  North  America. 
1886. 

-iWalcott.  CD.:  Th(>  fauna  of  the  T.owur (/ambrian  or  Oleuelius  zone.  Tenth  Ann. Kopt.  U.  S. Geol. 
Survey,  1890,  pp.  W)9-763. 
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In  his  extended  and  valuable  essays  upon  the  history  of  the  names 

Cambrian  and  Silurian  in  geology  and  the  Taconic  question  in  geology, 

3  and  numerous  other  minor  papers,  Dr.  T.  S,  Hunt^  clearly  sets  forth 

'^1  the  description  of  the  various  strata  referred  to  the  Cambrian  and 

Silurian  in  America  and  Europe,  and  shows  by  testimony  of  different 

writers  the  relations  the  various  formations  sustain  to  each  other,  both 

stratigraphically  and  in  their  geographic  distribution.    Nearly  all,  if 

not  all,  the  original  correlations  made  by  him  are  based  upon  lithologic 

; '  i:,il  data,  as  he  believes  in  a  uniform  development  and  sequence  of  litho* 

logic  forms  from  earlier  Archean  time  to  the  deposition  of  the  fossilif- 

erous  sedimentary  rocks.    The  correlations  within  the  latter  are  largely 

made  upon  their  stratigraphic,  lithologic,  and  paleontologic  characters 

as  mentioned  by  authors. 
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COBBELATIONS  WITH  BUBOPEAN  FOBMATIONS. 


Numerous  correlations  were  made  between  the  strata  of  the  forma- 
|{  tions  of  America  and  those  of  Europe  by  Messrs.  Conrad,  Owen,  Rogers, 

Troost,  Jackson,  and  others ;  but  it  was  not  until  the  investigation  of 
M.  Edward  de  Yemeuil,  in  1847,  that  correlations  were  made  by  one 
who  had  personally  investigated  the  formations  and  fossils,  both  in 
Europe  and  America.' 

Be  Verneuil, — He  began  his  comparisons  with  the  view  that  8ui>er- 
position  was  the  foundation  of  paleontology;  that  the  only  compari- 
sons that  could  be  made  between  continents  separatcil  by  a  sea  was 
by  a  study,  in  each  of  them,  of  a  series  of  beds  confined  between  two 
zones  at  well  determined  points;  that  their  fovssils  must  be  compared, 
and  the  identical  species  picked  out  to  see  if  the  species  are  distributed 
according  to  the  same  laws.  He  concluded  that,  if  it  happens  in  the 
two  countries  that  a  certain  number  of  systems,  characterized  by  tlie 
same  fossils,  are  superimposed  in  the  same  order,  whatever  may  be 
otherwise  their  thickness  and  the  number  of  physical  groups  of  which 
they  are  composed,  it  is  philosophical  to  consider  these  systems  as 
parallel  and  synchronous.  Comparisons  were  made  between  the  strata 
in  the  two  countries  that  occur  beneath  the  coal-bearing  or  Carbonifer- 
ous rocks.  He  noted  that  the  Potsdam  sandstone  with  Lingula  is  prob- 
ably analogous  to  the  sandstone  with  Obolus,  of  Eussia,  and  the  lower 
sandstones  of  Scandinavia.  **  These  are  in  the  two  continents  the 
most  ancient  pre-Carboniferous  rocks." 

Tho  siUceom  limestones,  those  of  Black  River  and  of  Trenton,  are  the  equivalent« 
of  a  groat  part  of  tho  Lower  Silurian  stage  of  Europe,  and  thej^  occupj^  tho  Hauie  podi- 

'  llintory  of  the  namo8  Canibrian  and  Siltirian  in  Geology.  Canadian  Nat,,  new  Her.,  vol.  <S,  1872,  pp. 
28 1-:?1 2,417-448.  The  Taconic  Qnestion  in  CJeolo^jy.  Mineral  rhy8lolopry  and  Phyeiography.  A  nec- 
ond  8erio8  of  ( ■h<'ri)iral  and  Geological  Eflaayn.     1886,  pp.  517-686. 

'Note  f»nr  le  ]>ara11MiHnio  iles  rooheH  de»  d^p<*)t«  pak'OZoTqana  de  TAm^^riqae  Sept4*ntrionaIe  tixfc 

reux  do  I'Kurope,  Huivir  d'nn  tnbli'an  doH  eHp«>reH  foaailea  comnmnes  anx  deux  continents,  avec  I'indi- 

ration  «h'H  ^'tagrHoii  ollew  ho  rencontrent,  et  terniin^^'e  par nn  exanion  oritiqne  de  chacnnedecen  esp^ea. 

^i  H        I  SfX'.  g«'«»l.  Fr.moiN  Hull.,  2'  86r.,vol.  4,  ]»p.  64G-709, 1847.     TranMated  nnd  condensed  Wy  I'lvl".  James  UalL 

Am.  Jour.  Sti.,  2d  t«er.,  vol.  5, 1848,  pp.  176-183,  35»-370;  vol.  7, 1849,  pp.  45-51,  21&-231. 
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tion  as  the  bitnminoiis  schists  and  the  Orthoceratite  limestones  of  Sweden  and  Rns* 
•ia.  The  Utica  slate  and  the  Hudson  Biver  group,  with  the  Graptolitos  at  their 
base,  represent  the  Qraptolite  slates  which  in  Sweden  sncceed  to  the  rod  Orthocera- 
tite limestone.    They  are  also  the  same  as  those  of  Bain  in  France.* 

Of  the  Upper  Silurian  rocks  the  Nia<;ara  gtou^  iB  considered  the 
exact  equivalent  of  the  limestones  and  slates  of  Weulock  and  of  Goth- 
land. The  Clinton  group,  with  Pentamerus  ohlongm^  reiireseuts  the 
extreme  upper  part  of  the  Oaradoc  sandstone,  or  a  stage  intermciliate 
between  the  Wenlock  and  Garadoc  beds;  while  the  five  inferior 
groups  of  the  Helderberg  division  represent  the  rocks  of  Ludlow.  The 
correlation  is  then  extended  to  the  Devonian,  and  lists  are  given  of 
identical  species  of  fossils  on  the  two  continents. 

HalL — ^The  essay  of  M.  de  Vemeuil  was  followed  in  1851  by  a  paper 
on  the  ^^  Parallelism  of  the  Paleozoic  deposit  of  the  United  States  and 
Europe,^  by  Prof.  James  Hall.  In  discussing  the  criteria  of  correlation 
he  says :' 

The  simplest  principles  of  elementary  geology  teach  us  that  sedimentary  heds,  hav- 
ing the  same  thickness  and  the  same  lithological  characters,  can  not  have  spread 
over  an  area  so  wide  as  that  now  included  between  the  Enropean  and  American  con- 
tinents. All  sedimentary  deposits  must  vary  in  character  at  remote  points,  as  the 
physical  conditions  of  the  ocean  can  not  be  presumed  to  have  remained  the  same  over 
a  wide  extent  of  surface.  Under  such  circumstances  absolute  parallelism  is  not  to 
be  sought  for  or  expected.  Calcareous  deposits,  as  would  naturally  bo  supposed,  have 
been  found  to  be  more  persistent  and  more  uniform  in  the  character  of  their  fossil  cou. 
tents;  but  these,  over  some  portion  of  their  extent,  have  often  been  invaded  by 
argillaceous  and  arenaceous  sediments,  and  the  fauna  is  found  to  be  in  a  greater  or 
less  degrei)  influenced  by  such  circumstances.  In  distant  and  disconnected  localities 
wo  are  compelled  to  base  our  opinions  of  the  equivalency  of  beds  ui»ou  the  organic  re- 
mains which  they  contain ;  and  when  we  reflect  that  the  nature  of  the  sediment  may 
in  a  great  degree  influence  the  character  of  the  fossils  we  shall  not  fail  to  recognize 
the  necessity  of  keeping  the  character  of  these  lithological  changes  in  view.     •     «    • 

Besides  the  changes  which  take  place  in  the  nature  of  the  sediment  deposited  upon 
the  bed  of  the  ocean,  we  are  to  look  to  other  important  conditions  which  may  affect 
the  fauna,  and  consequently  our  conclusions  regarding  the  equivalency  of  forma- 
tions. Among  the  most  important  of  these  is  the  depth  of  the  ocean  in  which  the 
animals  lived,  since  we  know  that  certain  species  are  confined  within  certain  zones, 
depending  on  the  depth  of  the  water. 

There  are  other  conditions  which  sensibly  aflbct  the  distribution  of  organic  life, 
such  as  temperature,  pressure,  and  light.  *  *  *  In  investigating  the  fauna  of 
past  ages  wo  see  nothing  to  lead  us  to  believe  that  the  same  great  laws  which  i*egu. 
late  the  distribution  of  species  did  not  then  operate  with  as  groat  eU'ect  as  at  the 
prcfMint  time. 

In  speaking  of  the  attempted  correlation  between  the  European  and 
American  rocks  Prof.  Hall  remarks : 

AH  the  attempts  to  show  that  the  parallelism  of  American  and  European  paleozoic 
deposits  have  been  with  a  view  to  find  a  correspondence  with  the  European  stand- 
ard where  the  sericM  is  confessedly  incomplete,  and  where  it  has  sufl'ered  during  its 
deposition,  or  subHCfinent  to  it,  many  disturbances.^ 


» Op.  cit,  p.  3«1. 

•Rei>ort  on  the  Geology  of  the  Lake  Superior  I/ftncl  District,  by  J.  W.  Foster  and  J.  I).  Whitn'^y. 
Tart  II,  1«51,  pp.  286,287. 
*Op.cit.,p.2M. 
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The  author  aprrees  with  li.  de  Yerneail  that  the  Potsdam  sandstone  is 
represented  in  Enssia  by  the  beds  containing  Obolos  and  Liugula,  and 
in  Scandinavia  by  the  sandstones  which  rest  nnconformably  upon  the 
gneissoid  and  schistose  rocks  composing  the  Azoic  system.  Of  the 
Cbazy,  Birdseye  and  Black  River  limestones  of  New  York  he  says: 

Thoy  are  not  very  clearly  rei^ognized  in  Europe.    It  ia  probable  that  some  part  of 
the  Ortlioceratite  limestone  of  Sw^eden  is  the  equivalent  of  the  Black  Kiver  wssb; 
but  we  have  no  evidence,  from  fossils  or  otherwise,  that  there  are  any  representa- 
!i;l|  tives  of  the  two  lower  rocks.    *    •    * 

The  Trenton  limestone,  the  Utica  slat«,  and  the  Hudson  River  groap  are  reprs- 
J;4|  sented  in  northern  Europe  by  the  Orthoceratite  limestone  of  Sweden  and  Rassia  and 

by  the  shales  with  Graptolites,  which  succeed  to  that  limestone.  In  Great  Britain 
the  Llandeilo  flags  and  Caradoo  sandstone  are  clearly  the  equivalent  of  these  groapi. 
It  is  hero  th^t  we  first  find  a  number  of  species  identical  with  European  ones,  and 
which  enable  us  to  institute  a  comparison.  It  will  be  found,  however,  that  the 
species  in  the  Iludsou  River  group  correspond  most  nearly  with  the  European  forms, 
and  that  it  may  be  doubtful  if  the  base  of  the  Trenton  limestone  has  been  reached  in 
Great  Britain.^ 

The  Cliuton  group,  with  its  beds  of  Pentamerus  oblongus,  represents  what  in  Eng- 
land is  regarded  as  the  upper  part  of  the  Caradoc  'sandstone ;  but  we  find  it  not 
only  above  this  well  marked  horizon,  which  we  have  already  indicated,  butaw>- 
ciatcd  with  numerous  species  of  fossils,  some  of  which  are  known  as  npp^r  Silorian 
forms  in  Europe,  and  others  pass  into  forms  characteristic  of  the  Niagara  gxoap  in 
this  country. 

The  Niagara  group,  with  its  shale  and  limestone,  would  seem,  at  first  view,  to  be 
the  exact  equivalent jof  the  shale  and  limestone  of  Wenlock  and  Dadley  in  England, 
and  of  Gothland  in  Sweden, so  numerous  are  the  identical  species  in  these  groups; 
but  on  examination  we  find  that  there  are  numerous  species  included  in  these  rocks 
in  Europe  which  occur  only  in  the  lower  Helderberg  limestones,  and  which  ars 
separated  from  the  Niagara  by  the  enormous  deposit  of  the  Onondaga  salt  group. 
)  It  i8  clear,  therefore,  that  in  the  Wenlock  formation  of  England  and  its  representa- 

tives in  uorlheru  Europe  are  included  parts  at  least  of  two  distinct  groups  in  the 
:  order  of  time — distinct  both  in  their  physical  and  zoological  features;  and  we  can 

\  not  iiL8tituto  a  proper  comparison  between  the  rocks  of  our  own  country  and  those 

I  of  Eurojje  while  we  regard  that  as  one  group.     The  condition,  both  in  England  and 

j  on  the  continent,  is  doubtless  similar  to  what  we  find  in  Tennessee  and  Virginia, 

I  where,  from  the  abHcnco  of  the  intermediate  groups  not  only  the  Niagara  and  lower 

Hel(lerb(^rg  are  united  together,  but  even  the  upper  Helderberg  limestones  are 
8npt»radded.'^ 

Barrande. — A  correlation  based  upon  paleontologic  data  was  made  by 
Mens.  J.  Barrande,  in  18i53,  between  the  formations  characterized  by  the 
first,  second,  and  third  faunas  of  Europe  and  those  included  in  the 
Silurian  of  America.  In  commenting  upon  the  identificiUion  of  the 
Russian  Obolus  apollinis  Eichwald,  by  Owen,  with  the  Potsdam  sand- 
stone species  of  the  Upper  Mississippi  Valley,  he  says : 

In  fact  I  am  inclined  to  think  that  science  has  passed  out  of  the  epoch  when  it  was 
thought  necesNury  to  have  identical  species  in  order  to  recognize  equivalence  of  geo- 
logic liorizonH,  even  at  great  distances  on  the  earth's  surface.  The  distribution  of  our 
present  fauna  teaches  us  that  this  moans  can  not  be  altogether  relied  on  to  prove 
strata  contemporaneous.^ 


'Op.  oit.,  pp.  29:>,  296.  «0p.  cit.,  p.  299. 

•r>urraii<h'.  J:     (Silur-fauua  in  Wiacousin  uiid  iu  New  York.)    Nvuea  Jabrboch  fiir  Min«>r.,  1853,  p^ 
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The  fact  that  the  Paleosolo  fonnationa  of  Amerioa  daring  the  appearance  and  dis- 
appearance of  three  enooeaaiYe  fjannaa,  which  despite  aome  common  epecies  are  on  the 
whole  well  distinct,  teaches  us  that  the  extinction  and  appearance  of  beings  on  the 
earth's  sorlace  are  by  no  means  determined  exdnsiyely  by  the  physical  revolutions 
of  the  cmsty  bat  are  ordered  and  regulated  by  the  laws  of  animal  creation  itself. 
Still,  it  is  not  my  intention  to  follow  out  this  consideration,  as  it  would  lead  me  too 
far.  I  merely  wished  to  mention  this,  in  passing,  as  a  satject  for  further  study,  and 
to  point  oat  to  inrestigators  that  paleontology  leads  to  the  establishment  of  a  geo- 
logic chronology,  independently  of  the  more  or  less  local  revolutions  which  the  fossil- 
iferous  strata  have  undergone  since  their  deposition.^ 

From  a  stady  of  the  foanas  of  the  two  countries  he  considered  that 
the  first,  second,  and  third  faunas  of  Bohemia  are  to  be  identified  in 
America ;  that  there  exist  manifold  relations  in  all  classes  of  animals  of 
the  Upper  Silurian  division  of  the  United  States  and  Bohemia ;  that, 
in  the  first  volnme  of  Hall's  Paleontology  of  New  York,  on  the  Lower 
Silurian  division,  from  the  Potsdam  sandstone  to  the  Hudson  Biver 
group  inclusive,  he  recognizes  the  First  Silurian  fauna  of  Bohemia, 
Sweden,  and  England ;  that  the  presence  of  the  long-missed  first  fauna 
of  Bohemia  in  America  has  been  demonstrated  in  a  very  satisfactory 
manner  by  Owen  in  his  discoveries  in  the  northwestern  United  States; 
and  that  the  occurrence  of  this  fauna  in  the  State  of  Georgia  is  indi- 
cated by  a  Conocephalns  brought  to  England.    In  conclusion,  he  says : 

Hence  I  am  now  x>erfectly  convinced  that  the  Silurian  formations  of  North  Amer- 
ica, as  well  as  those  of  the  old  continent,  contain  a  succession  of  three  different  faunas, 
which,  on  being  separately  compared  with  the  latter,  are  seen  to  consist  of  the  same 
geologic  elements  and  to  foUow  each  other  in  the  same  order.  When  I  say  that  they 
consist  of  the  same  geologic  elements  yon  know  already  that  I  am  far  from  wishing 
to  maintain  identity  of  species.  I  rely  on  other  more  general  analogies  which  to  me 
are  not  less  convincing.  This  is  not  the  place  to  explain  this  more  in  detail,  as  that 
would  lead  me  too  far ;  but  yon  will  find  here  and  there  in  my  work  some  passages 
which  express  my  view  of  the  matter.  In  admitting  and  recognizing  in  all  Silurian 
regions  of  the  two  continents  three  general  faunas  corresponding  and  equivalent  to 
each  other,  I  am  induced  by  the  facts  to  pronounce  a  further  result  of  my  investiga* 
tious,  namely,  that  the  local  divisions  of  strata  containing  these  great  faunas,  though 
greatly  differing  from  each  other  iu  each  region  of  a  certain  extent,  are  not  equal  to 
each  other  in  the  viirions  countries,  especially  when  the  countries  are  far  apart,  geo- 
graphically. This  truth  seems  to  me  solidly  established  by  a  multitude  of  facts 
which  are  tabulated  and  compared  in  my  geologic  sketch,  and  is  confirmed  in  a  very 
satiHfactory  manner  by  the  facts  mentioned  in  volume  2  of  J.  HalPs  Paleontology  of 
New  York.' 

Rogers, — In  a  paper  read  before  the  British  Association  for  the  Ad- 
vancement of  Science  in  1856,  on  the  correlation  of  the  Korth  American 
and  British  Paleozoic  strata.  Prof.  Henry  D.  Eogers  described  the 
Paleozoic  section  of  the  Appalachian  region  and  that  of  England,  and 
instituted  comparisons  between  them,  to  show  the  parallelism  of  the 
North  American  and  European  Paleozoic  rocks.^    He  says : 

In  attempting  this  correlation  it  should  be  remembered  that  nature  represents  no 
true  or  literal  equivalency  of  strata,  nor  anything  closer  than  a  mere  approximate 

•  Op.  cit.,  p.  339.  »0p.  cit,  p.  345. 

sOn  the  correlation  of  the  North  Ainericac  and  British  Paleozoio  strata.    British  Assoc  Adv.  SoL, 
ToL  26, 1857.    Trans.  Sec.,  p.  16L 
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relationabip  wbera  the  ilepodta  compared  belong  to  independant  bftuna,  or  eren  to 
tlie  remote  sides  of  Ibe  same  great  leaeptacle.  The  moat  we  can  hope  to  establish  i> 
a  general  agreement  in  time,  tritb  pogaibli;  a  stricter  synchroniam  of  tbe  few  chief 
paroEjemal  movements  which  agitated  tbe  bed  of  the  ancient  ocean.  Partiallj  np- 
feteutativa  fonnationa  are  discoTerable,  bat  •fHirolml  ones  ore  not  to  bs  looked  for 
upon  Kaj  philosophical  view.sinoB  the  distribuiion  of  organic  beings  is  esaentiallj 
partial  or  geograpliicol.  The  life  horiEona  uf  tbe  globe  are  no  more  nniTorsol  tbsn 
are  itshorixonsof  sedimontatioD.  With  tbeee  reservations  we  tnni  to  thsdegncBoT 
affinity,  linking  the  American  and  European  Paleozoio  gronpa  of  OMaila. 
Ab  the  result  of  bis  correlation  he  concludes: 

(a)  The  Appalachian  Primal  series  is  obviously  nearly  on  the  horizon 
of  Batrande's  Primordial  zone  and  the  lowest  rocks  of  Bassia  and 
Scandinavia. 

(b)  Tbe  Appalachian  Anroral  strata  may  possibly  be  approzimstelj 
contemporaneous  with  the  Swedish  Ortboceratite  limestoDe.  The 
Auroral  series  includes  the  Galciferoae,  Gbazy,  aud  Black  Biver  gronps. 

(c)  The  Matinal  series  of  the  Trenton  and  Hudson  Biver  groups, . 
from  the  testimony  of  the 'fossils,  are  represented  in  Britain  by  the 
Llandeilo  flags  and  Caradoo  sandstone,  or  more  generally  by  Sedgwick's 
Bala  or  Upper  Cambrian  group.  He  also  finds  aneareqaivaleot  in  the 
Ortboceratite  limestone  of  Sweden  and  Bussia  and  in  the  Graptolite 
shales.  The  authority  of  Prof.  Hall  is  cited  to  show  the  paleontologio 
similarity  of  the  English  and  American  formations. 

(d)  The  Levant  or  Medina  group  does  not  appear  to  be  represented  in 
Europe. 

(e)  The  Surgent  and  Scalent  series,  or  Cliutou  and  Niagara,  are  com- 
pared with  the  British  Wenlock  strata. 

(/)  The  Pre-meridian  series  or  Lower  Helderberg.  He  (]uotc^  Mr. 
Ball  as  saying  that  he  agrees  with  Mr.  Sbari>e  and  regards  the  Lower 
Helderberg  strata  as  representing  tbe  Wentock  formation  of  Kngbtnil, 
while  M.  de  Vernccil  conmders  tbem  as  equivalent  to  the  Ludlow.  He 
then  proceeds  to  correlate  the  Devonian  formations  with  those  of  En- 
rope. 

His  tiiial  conclusion  is: 

From  all  the  foregoing  fovla  and  statements  we  arrive  at  this  general  inference, 
tiiat  upon  botii  paleontologienl  iind  pliynicut  evideiic:!)  tlivro  is  tio  trell  marked  Siln- 
rian-Devouiun  break  discernible  in  the  North  American  bOHin,  no  proof  of  an  epoch 
or  general  interruplion  in  tlm  life-stream,  with  wide  crust  diaturbunce  in  the  middlo 
raluuzuiu  agsH,  such  as  that  whicli  in  earlier  times,  in  the  morning  of  tbe  Paleoxoio 
day,  at  the  Caiubro- Silurian  transition,  revo1utiuni7«d  alike  tlio  entire  extent  of  the 
American  oud  European  areas,  both  in  their  inhabitants  and  in  tboir  physical  geog- 
lapby.i 

Bigsby, — A  most  elaborate  comparison  aud  correlatiou  between  the 
Paleozoic  section  of  New  York  and  that  of  Wales  was  made  by  Dr.  J. 
J.  Bigsby  in  1859.  He  observes  that  "both  these  geological  areas  ap- 
pear to  have  been  constructed  on  the  same  great  cumprebeasive  priu- 
eiples  and  nearly  of  the  same  material,  two  most  important  consideia- 


wALcow.]  •  CORBBLATIOH.  419 

tioDB.  One  very  great  distinction  between  them,  however,  is  that  they 
have  received  different  dynamic  treatment,  in  the  frequency  of  plutonic 
disturbance  in  Wales  and  its  comparative  absence  in  New  York,  such 
dynamic  treatment  involving,  it  must  be  kept  in  tniud,  both  gradual  and 
sudden  changes  of  population.  While  the  strata  of  these  areas  are 
formed  of  much  the  same  mineral  substances,  the  conditions  of  these, 
their  order,  and  quantities  are  very  varied."  ^ 

He  sums  up  the  points  of  zoological  similarity  under  the  following 
heads: 

(1)  The  orgaoio  remains  of  both  basins  belong  to  the  same  orders  and  genera,  nn- 
mixed  with  those  of  other  sedimentary  systems,  as  Permian,  Jiir;issic,  eto. 

(2)  Vertebrate  animals  were  introdnoed  at  nearly  the  sjiiuc  date. 

(3)  The  organio  remains  approximate  closely  in  general  facies. 

(4)  They  affect  strata  of  the  same  mineral  character  in  both,  the  majority  prefer- 
ring the  calcareous,  the  others  the  arenaoeons  form  of  deposit. 

(5)  The  great  majority  exhibit  the  same  order  in  their  iutrmliiction  and  distribu- 
tion. This  is  seen  in  Orthis,  Pentamerns,  Spirifor,  and  oth^^r  Brachiu]>oda,  and  in 
Endoceras,  Graptolites,  Trilobites,  etc.,  the  more  highly  organized  being  often  prom- 
inent in  the  early  stages. 

(G)  The  law  of  divergency  into  several  matrices  is  the  same,  or  nearly  so,  in  the 
two  basins,  the  number  of  instances  being  fewer  in  New  York. 

(7)  The  great  majority  of  animals  typical  or  recurrent  in  one  basin  are  so  in  the 
other. 

(6)  The  great  majority  of  the  recurrent  fossils  in  both  occupy  the  same  number  of 
epochs,  many  or  few. 

(9)  The  great  majority  observe  the  same  process  or  law  of  increment  and  decre- 
ment.   This  takes  place  in  nineteen  out  of  twenty-four  orders  and  g()nera. 

(10)  The  two  basins  have  108  organio  forms  in  common,  including  most  of  the  gen- 
era. 

(11)  The  same  orders  and  genera  are  rich  and  poor  in  species. 

(12)  There  is  the  same  limited  admission  of  Silurian  forms  into  the  Devonian  sys- 
tem in  New  York  and  in  Europe. 

(13)  The  plants  of  both  are  typical,  with  one  or  two  exceptions. 

Snch  are  some  of  the  great  points  of  similarity.  Now  as  to  dissimilarity.  Those 
which  arise  ont  of  the  mineral  character  are  partly  owing  to  physical  disturbances 
and  to  a  certain  amount  of  metamorphism  undergone  by  the  Welsh  strata.  The 
paleontological  differences  are  many,  but  small,  oft«n  merely  individual,  and  they 
seldom  affect  principles.  They  are  due  to  the  varying  sea  depths  and  other  well 
known  conditions. 

The  facts  just  recorded  certainly  indicate  a  close  connection  in  nature  and  mode 
of  formation  between  the  basins  of  New  York  and  Wales.  They  seem  to  be  quasi- 
equivalents — the  same,  but  other,  to  use  a  short,  but  convenient  phrase  in  common 
use.' 

Agassiz, — When  commenting  upon  correlations  made  between  the 
Paradoxides  zone  of  Newfoundland,  Massachusetts^  and  Scandinavia, 
Prof.  Louis  Agassiz  said  : 

That  there  may  be  synchronism  of  deposit  without  identity  of  fossils  must  be  evi- 
dent if  we  glance  at  the  present  distribution  of  animals.  If  at  the  present  epoch 
the  fauna  of  America  and  Australia  should  become  fossilized  there  wonld  not  bo  the 
slightest  resemblance  between  the  re[)resentative  species  of  the  two  continents.     The 


'  Quart- Jour.  Guol.  Soc.,  LoudoD,  voL  15,  1859,  p.  292.  *  Op.  cit.,  pp.  292, 203. 
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paleontologist  mnst  be  ready  to  admit  that  very  different  foesil  foanse  mmy  be  cob- 
tvtiiimraneooB,  and  that  their  difference  does  not  necesBarily  imply  a  distinct  zoolog- 
ical  age.^ 

Whendiscassing  the  typical  forms  and  the  distribution  of  the  rocks 
of  the  Cambrian,  Mr.  J.  J.  Bigsby  presents  a  table  showing  the  order 
of  succession  of  the  Cambrian  rocks  in  various  countries.*  In  this  be 
includes  the  Upper  Cambrian  sandstones  of  Texas  and  ]^ebraska,  and 
they  are  referred  to  Uie  upper  or  Primordial  division  of  the  Cambrian. 

Matthetc. — During  the  progress  of  his  extended  researches  in  the 
faunas  and  rocks  of  the  Cambrian  system  in  New  Brunswick,  Mr.  G. 
F.  Matthew  has  had  fre<iuent  occasion  to  compare  the  stratigrapbie 
succession  and  the  fauntts  of  the  Cambrian  of  New  Brunswick  with 
that  of  Europe. 

In  a  paper  read  before  the  British  Association  for  the  Advancement 
of  Science  in  IH81,  he  correlates  the  fauna  of  the  St.  John  group  of 
New  Brunswick  with  that  of  the  Cambrian  x)f  Wales,  and  conclndeg 
that  it  shows  closer  relations  with  the  Solva  group  than  with  the  Me- 
nevian.^ 

Near  the  close  of  the  same  year  he  stated  in  a  paper  read  before  the 
Natural  History  Society  of  New  Brunswick  that  the.  discovery  of  a 
higher  fauna  enabled  him  to  correlate  the  beds  containing  it  with  the 
Munevian  group  of  Wales.* 

In  an  essay  on  the  classitication  of  the  Cambrian  rocks  In  Acadia,^ 
Mr.  Matthew  considers  that  the  Potsdam  sandstone  is  equivalent  to 
the  Ceratopyge  limestone,  or  the  Tremadoc  group,  and  represents  the 
upper  part  of  the  Tremadoc,  i\s  the  Georgian  series  probably  does  the 
lower.  Tliis  correlation  is  made  upon  the  interpretation  of  the  charac- 
ters of  the  genera  of  trilobites  in  the  American  and  European  rocks. 

A  second  paper  on  the  classification  of  the  Cambrian  rocks  in  Acadia 
appeared  in  1881),  in  which  a  comparison  of  sections  in  Sweden  and 
New  Hnmswick  with  the  chanicteriKtic  sections  of  Cambrian  rocks  in 
Enn)pe  and  in  North  America  is  miMle.^  In  the  comparison  of  sections 
ofSweden  and  New  Brunswick  the  biise  of  the  Paradoxides  beds  is  taken 
as  tlie  datum  point  and  it  is  shown  that  the  ])re- Paradoxides  horizon  is 
present  both  in  Sweden  and  New  Brunswick,  and  that  the  Upper  Cam- 
brian or  Olenus  horizon  is  represented  in  New  Brunswick  by  Stiige  2 
of  the  St.  John  County  section  and  by  the  same  stage  in  Sweden.  In 
the  second  table  of  the  sections  of  the  Cambrian  rocks  in  Europe  and  in 
North  America,  tlio  correlations  made  between  the  sections  ofSweden 
and  New  Brunswick  are  accurate  and  valuable;  but  those  between  the 


'On  tho  aiflt^ioiico  bi'twein  fauuaH  of  zooIo>;ical  and  geological  periods.  Boston  Soc  Nat  Hist, 
Vutv.,  v(»l.  ji.  IfiG'J.  1..58. 

'  <  )u  thv  <:aiiilu  jun  ami  Ilunmian  formations,     Geol.  Soc.  Quart  Jour..  London,  vol.  19, 1863,  p.  44. 

^TIh'  ;;tnl..)[;i<al  ivz*^  of  th«^  AciMllan  fanna.     r.rit  Ahs.  Adv.  Sci..  Rop.  54th  niftetinK,  18»».  pp.  742,  743. 

*  An  outline  ..f  nnjut  dlHcoviArios  in  the  St  John  group.  Nat  llUt  Soc.  N.  B.,  Bull ,  No.  4, 1865, 
p.  lot 

M'anad.  llro.  Sri.,  vol.  3,  1888.  pp.  79,  80. 

*Canad.  llec.  Sci.,  vol.  3, 1889,  pp.  308-311. 
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western  North  American  sections  of  the  Wasatch,  Nevada,  Ilighland 
Bange,  and  Enreka  are  more  or  less  defective,  owing  to  the  imperfect 
interpretation  of  the  paleontologic  data. 

The  next  essay  upon  the  correlation  and  comparison  of  the  European 
formations  with  those  of  America  by  Mr.  Matthew  is  entitled:  ^^How  is 
the  Cambrian  divided  t — A  plea  for  the  classification  of  Salter  and 
Hicks."  ^  He  institutes  comparisons  of  the  strata  in  Wales,  Newfound- 
land, and  Norway,  and  of  the  characteristic  trilobitic  genera  of  each 
horizon.  From  the  results  obtained  by  these  comparisons  he  tsonsiders 
that  the  Cambrian  is  to  be  divi(le-<1  into  the  Upper  and  Lower,  and  that 
the  method  proposed  by  Mr.  0.  D.  Walcott,  of  separating  the  Oleuellus 
or  Lower  Cambrian  from  the  Paradoxides  or  Upper  Cambrian,  is  not 
justified  by  the  evidence  afforded  by  the  American  and  European  sec- 
tions. 

METItODS  OF  CORRELATION. 

L  Superposition. 
II.  Organic  Remains. 

III.  Lithologic  Characters. 

IV.  Unconformity, 
y.  Miscellaneous. 

I.   SUPERPOSITION. 

{a)  The  order  of  superposition  of  strata  is  the  foundation  of  geologic 
chronology.  By  its  aid  the  stratigrapiiic  succession  and  serial  relations 
of  the  fossil  faunas  are  first  determined.  Undisturbed  superposition 
within  a  section  is  an  absolute  test  of  relative  age  of  the  parts  of  that 
section ;  it  is  not  positive  evidence  of  the  age  of  the  various  beds  in 
relation  to  beds  sustaining  the  same  serial  relations  in  some  discon- 
nected section  without  other  tests  to  support  it,  even  though  they 
occur  in  the  same  geologic  province :  e.  g.,  a  band  of  sandstone  beneath 
a  limestone  and  above  a  shale  may  be  identified  in  one  portion  of  a 
geologic  province;  but  the  (Ku;urrence  of  a  band  of  sandstone  beneatli 
a  limestone  and  above  a  shale,  in  a  distant  portion  of  the  same  province, 
is  not  positive  evidence  that  the  two  bands  of  sandstone  are  synchro- 
nous or  portions  of  one  continuous  formation,  unless  their  continuity 
can  be  traced. 

(b)  Superposition  is  not  a  test  of  identity  of  formation  except  in  a 
limited  basin,  where  the  geologist  has  evidence  to  show  that  the  forma- 
tion is  practically  continuous  in  its  stratigraphic  relations.  In  widely 
separated  portions  of  the  same  basin,  or  of  difterent  basins,  the  order 
of  super])osition  must  be  sustained  by  other  tests  before  it  can  be  as- 
serted positively  that  the  formations  thus  correlated  are  identical. 

(c)  In  the  same  geogra})hic  or  geologic  province,  fresh- water  and 
marine  deposits  are    not  to  be  correlate*!  with  each  other,  even  if  they 


■Am.  GooIo(;i4t,  vul.  4, 1889,  pp.  130-148. 
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have  the  same  order  of  saperposition,  as  the  conditions  nnder  which 
they  were  accnmulated  are  entirely  dissimilar,  and  the  proof  of  tht 
contemporaneity  of  deposition  is  not  available.  An  exception  to  this 
may  occnr  where  a  stream  passes  throngh  a  lake  and  carries  the  faana 
and  flora  to  the  sea,  where  it  is  mingled  with  the  marine  fanna. 

II.  ORGAinC  RKMAIMS. 

There  are  several  considerations  always  to  be  borne  in  mind  in  corre- 
lating a  formation  on  the  evidence  of  its  contained  organic  remains: 

(a)  There  can  be  no  scientific  or  systematic  paleontology  without  a 
stnitigruphical  basis.^ 

(b)  The  method  of  correlation  by  the  comparison  of  fossils ;  or,  as  it 
has  been  called,  <^  matching,"  is  the  one  that  affords  the  best  resnlu. 
It  includes  the  comparison  of  species,  genera,  families,  and  the  general 
fticies  of  a  fauna.  It  is  the  basis  of  paleontologic  correlation  and  geo- 
logic classification  of  the  sedimentary  rocks,  with  the  exception  of  the 
stratigraphic  and  lithologic  correlation  of  local  formations. 

(c)  In  nearly  every  section  of  strata  there  are  considerable  thick- 
nesses of  beds,  in  which,  no  fossils  are  to  be  found.  These  beds  occur 
in  ncMirly  every  formation.  The  reconl  of  life,  daring  these  nonfossii- 
ifcrous  |>erio<ls  of  sedimentation,  is  broken. 

(//)  Many  fossils  have  a  great  vertical  range;  and  the  occurrence  of 
a  few  H]>ccic^  of  this  character  without  the  presence  of  species  of  known 
limited  range  can  not  be  taken  for  the  identification  of  any  particular 
formation.  If  the  laws  of  constancy  and  variation  of  the  wide-ranging 
and  long-enduring  s]>ecieA  are  known,  it  may  be  possible  to  use  them  iu 
the  cxirrehition  of  minor  formations,  and  thus  create  an  exception  to 
the,  general  rule. 

(e)  All  paleontologic  reasoning  is  based  upon  known  data.  By  the 
disex)very  of  a  new  grouping  of  fossils,  or  a  ditt'erent  range  of  known 
species,  the  identitication  of  horizons  may  be  materially  mo<lified. 

(/)  In  correlating  a  formation  it  is  necessary  to  exercise  caution  be- 
fore  (leeiding  that  the  contained  fossils  belong  to  any  specified  zone  of 
Ihe  fauna  eliaracterizing  a  torrane  or  group  of  formations,  and  thus 
l<M*,;iting  the  exa(;t  stratigraphic  horizon  of  the  formation.  A  fauna 
may  vary  in  its  constituent  parts  and  afiord  different  groupings  of 
speeie^s  in  localities  not  far  distant. 

(g)  All  correlations  between  widely  separated  provinces  are  based 
upon  the  general  and  not  upon  the  specific  characuir  of  the  fauna;  i.e., 
it  is  the  general  assemblage  of  a  fauna  in  one  basin  that  is  compared 
with  that  in  another  iKisin. 

Within  limited  areas  the  comparison  of  species  and  the  grouping 
of  species  snfllce  to  determine  some  particular  horizon  or  formation. 
In   widely  separate<l  parts  of  the  same  area  or  province  there  will 


'Hall.  Jjiincs.    On  tlio  I'rimonUuI  fauna  and  roint  Levi  foBuUs.    Am.  Jour.  Sci.,  2d  ser.,  vol.  31, 
1881,  p.  224. 
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be  a  greater  difference  in  the  species,  and  the  general  or  the  spe- 
cific grouping  of  the  genera  will  have  to  be  taken  as  the  data  for  com- 
parison. In  separate  provinces  the  species  may  be  the  same  in  some 
Instances;  bntit  is  by  the  comparison  of  representative  species  and 
genera  that  the  correlations  are  to  be  made.  In  provinces  separated 
by  great  distances,  or  npon  two  continents,  the  general  assemblage  of 
the  characters  of  the  two  fannas  are  to  be  compared.  It  may  be 
accepted  as  a  general  rnle  that  the  more  detailed  the  comparisons  are 
the  more  restricted  is  the  area  in  which  specific  results  are  of  value. 
The  results,  however,  may  be  of  the  highest  value  in  strengthening  a 
correlation  based  npon  representative  types.  The  exception  to  this  is 
the  occnrrence  of  similar  life  zones  in  widely  separated  regions. 

(k)  Zoologic  provinces  have  been  more  or  less  limited  in  area  from 
the  beginning  of  Paleozoic  time.  This  is  shown  by  the  character  and 
distribution  of  the  earlier  Cambrian  fauna.  The  provinces  were  as  dis- 
tinctly marked  then  as  at  any  time  during  the  deposition  of  the  Pale- 
ozoic 

(f)  Many  of  the  earlier  zoologists  and  paleontologists  prior  to  the 
perio<l  of  Darwin  studied  the  strata  and  the  contained  fauna  with  the 
view  that  each  group  of  spe<nes  had  a  greater  or  less  distribution  and 
were  then  suddenly  exterminated,  a  newly  created  fauna  taking  its 
place.  This  enabled  them  to  correlate  their  formations  with  great 
accuracy,  and  to  differentiate  them  upon  the  evidence  ofi'ered  by  the 
occurence  of  a  very  few  species. 

{j)  The  environment  or  condition  under  which  the  faunas  lived  and 
were  deposited  is  also  to  be  noted.  Whether  they  were  littoral  or 
pelagic,  whether  they  live<l  in  cold  or  warm  water,  upon  a  sandy  or  a 
muddy  bottom,  in  salt  or  in  fresh  water,  are  all  considerations  which 
must  be  taken  into  account  in  discussing  their  value  as  factors  in  cor- 
relation. 

{1c)  The  presence  of  recurrent  faunas  in  strata  lithologically  similar 
may  give  rise  to  imperfect  and  erroneous  correlations.  This  is  not 
liable  to  occur  except  in  a  limited  geologic  basin,  where  the  conditions 
of  sedimentation  were  uniform  over  large  areas,  and  tbe  environment 
of  the  fauna  such  that  it  continued,  under  favorable  conditions,  in  some 
portions  of  the  basin,  and  occupied  other  portions  intermittently,  as 
the  varying  phases  of  sedimentation  were  favorable  or  inimical  to  its 
distribution. 

(I)  The  relative  age,  serial  reLation,  or  homotaxis  of  sedimentary 
formations  is  best  determined  by  the  marine  faunas,  as  the  conditions 
under  which  they  lived  and  were  deposited  were  much  more  uniform 
than  those  surrounding  the  terrestrial  fauna  and  flora. 

The  evidence  furnished  by  paleobotany  is  fragmentary,  and  its  se- 
quence is  so  interrupted  by  nondeposition  and  noupreservation  that 
no  comparisons  of  great  value  have  been  established  by  its  aid.  What 
is  true  of  paleobotany  is  also  true,  to  a  less  extent,  of  terrestrial  faunas. 
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I  ^  It  is  only  by  accident  and  through  peculiarly  favorable  conditions  that 

'  land  faunas  have  been  preserved.    With  the  marine  faunas  on  the  con- 


j  j  trary  the  opportunities  for  the  preservation  of  the  fanna  of  each  epoch 

:  t  were  far  greater,  and  the  conditions  of  environment  were  more  favorable 

j  '?  for  the  uniform  advancement  and  evolution  of  life  over  extended  areas. 

1  I  Life-zones. — ^The  proof  of  the  presence  of  life-zones  in  the  geologic 

i  ij  series  is  one  of  great  imi>ortauce  in  correlation.    The  subject  has  been 

I  Y  so  ably  presented  by  Prof.  II.  A.  Nicholson  that  I  will  quote  it  in  lull 

;  '^:  in  preference  to  giving  a  synopsis  of  it  or  to  presenting  my  own  views, 
which  accord  e^ssentially  with  those  of  the  author.     He  says : 


I  I 


1 1 


While  each  geological  ruck-syHteiu  is  cLararterized  by  a  geueral  aaiieinblage  of  dift- 
:  i  tinotive  types  of  aDinials  aud  plants,  the  miDor  siiUliviHionA  of  each  R3*8teni  are  like- 

j  ^  wise  distinguished  by  the  prevalence  of  particular  forms  of  life.     There  are  no  doabt 

^  \  cases  in  which  an  exteuHive  series  of  successive  strata  may  appear  to  be  characterized 

IV  throughout  by  essentially  the  same  organic  types,  there  l>eing  apparently  no  rebtric- 

I  tion  of  special  fossils  to  special  horizons  in  the  series.     In  so  far  as  such  cases  have 

{  I  any  real  existence,  they  may  be  explained  as  instances  in  which  a  great  series  of  sedi- 

t  \  ments  has  been  accumulated  with  snch  rapidity  that  there  has  been  uo  time  for 

marked  biological  changes,  resulting  in  the  dying  out  of  old  8i>eoiea  and  the  intro- 
duction of  new  forms.  In  many  cases,  however,  the  apparent  diffusion  of  the  same 
kinds  of  fossils  ftt>m  the  base  to  the  summit  of  a  series  of  beds  {terhaps  two  or  three 
thousand  fi^t  in  thickness  is  due  simply  to  the  fact  that  the  organic  remains  met 
with  in  the  fttrmation  have  not  been  sufficiently  investigated  and  that  the  exact 
horizon  at  which  each  occurs  in  the  series  has  not  l>een  accnrat-ely  determined.  The 
deti*rmi nation  of  the  hori/<ins  of  particular  life- forms  is  a  work  of  time  and  dtMnandd 

I  both  great  stratigra{»hical  knowledge  and  also  a  wide  and  accurate  acquaintance 

i  with  the  characters  of  the  fossils  themselves,  twti  n)quircnicnts  rarely  fulfilled  in  the 

same  individual. 

I  In  a  considerable  number  of  coses,  however,  it  has  now  been  shown  that  the  foAsilh 

of  a  given  formation  may  be  divided  into  two  prinripul  groups.  In  the  one  group  is 
comprised  a  series  of  coniiuon  forms  of  life,  which  niaj'  he*  regardcMl  as  (rharacterizini; 
the  formation  aa  a  whoie.  In  the  other  group  are  included  certain  si»eeial  foHsilN  con- 
lined  to  particular  parts  of  the  formation  and  characteristic  of  certain  definite  hori- 
zonn  or  zones,  within  the  limits  of  the  formation.  All  the  great  formations  are  to  soiut^ 
extent  capable  of  being  broken  up  into  minor  rock-groups,  churact-erizeil  by  special 
life-forms.  Some  of  the  difTereuces  in  the  kinds  of  fossils  found  in  ditl'erent  parts  of 
the  same  formation  must,  of  course,  be  simply  set  down  to  the  fact  that  dirVereut 
kinds  of  sediment  imply  el;anged  conditions  in  the  sea,  and  henre  changes  in  the 
marine  fauna.  If,  for  example,  jmrt  of  a  formation  (uiimiHted  of  limestone  and  part  of 
sandstone,  we  should  ex)»ect,  beforehand,  to  find  that  each  of  theni*  n)rk-gronps  would 
have  Home  foHsils  not  found  in  the  other,  Hi  nee  the  two  would  have  been  formed  under 
ditlerent  ctuiditions.  Apart,  h4»wever,  from  diHerenees  arising  from  causes  of  this 
nature,  we  meet  with  cases  in  which  a  formation,  even  if  eHsentially  homogencousin 
its  mineral  nature,  can  be  divided  into  zoncs^  each  of  which  is  characterized  by  the 
]H>8Hession  of  special  groups  of  foHsils.  OrgauisuiM  belonging  to  any  class  of  animal<« 
may  Hcrve  in  this  way  as  test  forniH  ("  Leit-FoHsilien  ")  for  Hpecial  horizons  in  aserii*s 

:  of  Htratitied  formations,  but  there  are  ]»aitirular  groups  of  fossils  which  have  been 

found  to  he  preeminently  available  for  this  purp«»se.  Among  the  older  rocks  of  the 
earth's  crust,  the  forms  which  have  ])roved  specially  valuable  for  tht^  determinatiiui 

j  of  particular  *'  zones"  are  the  (jraptolites,  the  Trilohites,  and  the  lirarhiopiNls,  while 

I  the  (*e])hal(>pods  have  been  found  to  allord  the  most  satisfactory  tests  in  the  case  of 

'        i  the  Secondary  rocks.     A  well  known  instance  of  this  subdivision  of  a  svstem  of  Ntrata 

by  means  of  special  types  <»f  fossils  is  that  afforded  by  the  Ordovician  and  Silurian 
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roclu  of  Earope,  in  which  paleontologists,  following  ProfMsor  Lap  worth,  have  recog- 
nized nomerons  well  marked  *'  life-zones,'^  characterieed  for  the  most  part  by  the 
possession  of  partionlar  types  of  Oraptolites,  though,  in  some  cases,  the  distinctive 
fossils  belong  to  other  groups  Another  well  known  example  of  the  same  phenome- 
non ia  afforded  by  the  Jnrasdic  deposits.  These  have  been  shown  to  contain  a  num- 
ber of  well  marked  zones,  each  of  which  is  characterized  by  the  possession  of  some 
special  fossils,  and  particularly  by  some  special  Ammonite.  These  zones  are  extremely 
constant  in  any  particular  region,  and  they  enabto  the  observer  to  effect  a  division  of 
the  formation  into  special  horizons,  which  have  no  stratigraphical  existenco  and  are 
not  separated  by  any  physical  break,  bnt  are  of  the  utmost  paleontological  impor- 
tance and  can  be  rendered  readily  available  in  working  out  the  stratigraphy  of  any 
given  area. 

Certain  life-zones  appear  to  have  nothing  more  than  a  local  development  and  im- 
portance, but  in  other  cases  they  have  proved  to  bo  astonishingly  constant  even  over 
very  large  areas.  PerhapH  the  most  remarkable  known  instauce  of  the  extension  of 
particular  life-forms  over  a  vast  area  is  that  afforded  by  the  Areuig  rocks  (a  siibdi  vi- 
sion of  the  Ordovician  system),  which  have  been  recognized  as  occurnng  in  Kiirope, 
in  Canada,  and  in  Australia,  and  contain  in  all  these  widely  remote  areas  the  same 
peculiar  types  of  Graptolites. 

The  principal  difficulty  that  we  have  to  confront  in  dealing  with  these  "  zones''  is 
to  produce  any  plausible  explanation  accounting  for  the  destruction  of  the  special 
life- forms  of  the  one  zone  and  the  appearance  of  those  of  the  next  zone.  For  the  most 
part,  these  zones  are  of  very  limited  vertical  extent,  and  they  succeed  each  other  in 
such  a  manner  as  totally  to  preclude  the  idea  that  the  dying  out  of  the  old  forms  can 
have  been  in  any  way  caused  by  a  physical  disturbance  of  the  area.  Perhaps  the 
meet  probable  view  to  adopt  in  the  meanwhile  is  that  the  forniatiouH  in  which  dis- 
tinct and  limited  life-zones  can  be  recognized  were  deposited  with  extreme  slowness, 
whereas  those  which  show  an  essentially  compact  and  honiogononiiH  fauna  from  base 
to  summit  were  deposited  with  comparative  rapidity.  Upon  this  view,  a  formation 
like  the  Lias  is  one  formed  by  a  process  of  very  slow  and  internutteut  Hodimeiitation, 
the  life-zones  being  separated  by  intervals  during  which  sediuieiitatiou  must  havH 
been  at  a  standstill,  but  which  were  long  enough  to  allow  more  or  loss  considerable 
biological  changes,  some  forms  dying  out  or  heroniing  modified  while  other  new  ones 
came  in.  Upon  this  view,  further,  a  formation  like  the  Lias,  though  of  compara- 
tively small  vertical  extent,  may  represent  as  long  a  period  of  time  as  the  whole  of 
snch  a  great  formation  as  the  lx>wer  Carboniferous,  which  appears  to  have  been 
formed  under  conditions  of  comparatively  rapid  sedimentation.' 

Life-zones  bave  been  determined  in  tbe  Middle  Cambrian  or  Para- 
doxides  terrane  of  Sweden,  WaleH,  New  Brunswick,  and  Newfoundland 
or  the  Atlantic  Basin  Province.  In  a  broader  range  the  genera  Ole- 
nellns,  Paradoxiden,  and  DikeloceplialuH  ai*e  considered  ty})i(*al  of  tbe 
three  primary  zones  or  divisions  of  tbe  Cambrian  group.  Tliey  are  of 
unequal  value  and  decrease  in  precision  from  tbe  older  tx)  tbe  later 
faunas.  Tbe  genus  Olenellus  bas  a  wide  distribution  in  western  Eu- 
rope and  North  America,  while  Paradoxides  is  more  limited  in  Amer- 
ica, and  tbe  true  Dikelocepbalus  probably  bas  a  still  smaller  geo- 
graphic range. 

Stage  of  evolution. — Tbe  evolution  of  organic  life  is  a  fjictor  in  corre- 
lation that  bas  been  assuming  some  importance  within  the  last  few 
years.    To  be  of  practical  use  the  paleontologist  must  bave  a  thorougli. 

'General  Introdiictiou,  Manaal  of  Paletiutulugy,  by  H.  A.  Nirholrton  and  R.  Lydekker,  vol.  J,  1889, 
pp.  58-60. 
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accarate  knowledfte  of  the  species  and  their  life  history,  ioclodiog  that 
of  the  genas  and  family  to  which  they  belong.  Types  of  restricted 
range  and  short  duration  are  of  little  importance,  except  as  expressing 
the  stage  of  development  of  their  genuB.  The  persistent,  loDg-endoriag 
types,  that  range  from  formation  to  formation  and  eveu  from  gronp  to 
group,  may  be  of  service  if  their  study  and  analysis  have  revealed 
characters  by  which  their  relative  stratigraphic  position,  Id  a  given 
area,  may  be  determined.  The  evolutiou  of  genera  is  of  greater  value, 
and  the  analyses  of  the  development  of  specifie  types  within  them  msf 
be  used  in  the  identification  of  horizons. 

Extended  to  groups  of  genera,  families,  or  orders,  correlation  by  the 
known  evolution  of  the  bunas  may  be  used  in  a  general  way.  In  tbe 
presence  of  other  reliable  data  it  is  of  relatively  small  valne.  Only  in 
instances  where  there  are  no  other  data  that  can  be  made  available  vill 
it  be  really  of  practical  service  to  the  geologist. 

Even  under  tbe  best  conditions  and  circumstances  great  care  must 
be  nsed,  owing  to  the  varying  conditions  caused  by  environment  aud 
the  unequal  evolation  of  organisms  in  different  geographic  areas  or 
basins.  I  do  not  wish  to  imply  that  this  method  of  correlation  sboalt) 
be  entirely  overlooked  or  dismissed  in  tbe  presence  of  more  reliable 
data.  It  can  bo  nsed  in  connection  with  other  methods  in  correlating 
any  formation  or  group  of  formations,  but  only  in  extreme  cases  ahpM 
it  be  considered  the  only  factor.  When  nsed,  the  result  obtained  can 
be  considered  as  little  more  than  provisional. 

Life  kisUfry. — A  cureful  study  of  the  life  history  of  the  varions  ele- 
ments of  the  faunas  promises  to  yield  duta  that  may  be  im|torbuit  in 
correlation.  An  illuHtration  of  this  i.s  afforded  by  Prof.  IT.  S.Williaiita's 
study  of  Sphi/era  ficpts.'  This  is  a  type  that  is  represented  by  various 
forms  from  the  Niagara  limestone  of  tlio  Bilurian  to  the  snmmlt  of  tlie 
Devonian,  that  are  evi<lently  dewMjniled  one  from  the  other,  altboujcli 
tbey  have  been  described  under  several  spl.'icific  names.  At  ejicli  lio- 
rizon  the  variation  from  tbe  initial  form  serves  to  locate  its  strati  graphic 
horizon  and  thus  its  relative  age  and  |)ositiou  in  spac^i  and  time.  The 
tracing  of  the  migration  of  forms  from  one  area  to  another  and  the 
changes  product^d  upon  them  during  this  migration  are  to  be  taken 
into  eonsidcration.  The  tiieory  of  Prof.  Alpheus  Hyatt,*  that  there  is 
a  cycle  of  forms  in  the  geologic  series  and  a  corres|)ouding  cycle  of  varia- 
tion in  tbu  siH'cies  of  that  series  and  in  the  individuals  of  any  one  spe- 
cies, may  lead  to  prnctical  results.  He  finds  it  to  prevail  very  exlen- 
Hively  in  the  Cephalopmla,  and  it  will  nndoubte<lly  be  fonnd  to  apply 
U>  all  the  other  Koologic  groups.  Tbe  conclusions  obtainetl  will  be  more 
or  lp-3s  marn»l  by  tbe  imperfections  of  the  geologic  and  life  rei'/Onl,  but 
I  look  forward  to  the  time  in  the  future  when  minute  biologic  stnilies 
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of  the  foanas,  in  coniieotion  with  a  careful  stady  of  the  sedimentation 
and  stratigraphy,  will  make  our  present  methods  appear  to  have  been 
lacking  in  scientific  precision. 

Contemporaneity  and  Homotaxis. — When  it  was  once  established  that 
a  certain  order  of  succession  of  fossils  occurred  in  Europe,  it  was  con- 
cluded that  identical  or  simUar  assemblages  of  organisms  would  be 
found  to  prevail  elsewhere  over  the  earth ;  and  that  the  geographic 
distribution  of  each  successive  fauna  was  world-wide,  each  fauna  being 
a  new  creation.  The  present  view  is,  that  the  chronologic  succession 
of  the  fauna  is  local,  as  proved  by  the  existence  of  zoologic  provinces, 
and  that  each  fauna  is  descendant  firom  some  preexisting  fauna.  This 
result  is  modified  for  each  province  by  the  migration  of  faunas  and 
portions  of  faunas  from  province  to  province.  !N'otwithstanding  the 
various  elements  that  influenced  the  evolution  of  the  faunas,  it  is  found 
that  the  general  succession  of  species  and  faunas  is  in  the  aggregate  the 
same  all  over  the  world,  however  much  it  may  have  been  broken,  ad- 
vanced, or  retarded  in  certain  areas  in  ancient  or  relatively  recent 
geologic  time. 

Prof.  Huxley,  when  introducing  the  term  ^'  Homotaxis,"  said: 

Edward  Forbes  was  in  the  habit  of  asserting  that  the  similarity  of  the  organic  con- 
tents of  distant  formations  was  prima  facie  evidence,  not  of  their  similarity,  but  of 
their  difference  of  age ;  and  holding  as  he  did  the  doctrine  of  single  specific  centers^ 
the  conclusion  was  as  legitimate  as  any  other;  for  the  two  districts  must  have  been 
occupied  by  migration  from  one  of  the  two,  or  from  an  intorniediato  spot,  and  the 
chances  against  exact  coincidence  of  migration  and  of  imbedding  are  infinite. 

In  point  of  fact,  however,  whether  the  hypothesis  of  single  or  of  multiple  specific 
centers  be  adopted,  similarity  of  organic  contents  can  not  possibly  afford  any  proof 
of  the  synchrony  of  the  deposits  which  contain  them ;  on  the  contrary,  it  is  demon- 
strably compatible  with  the  lapse  of  the  most  prodigious  intervals  of  time,  and  with 
interposition  of  vast  changes  in  the  organic  and  inorganic  worlds,  between  the  epochs 
in  which  such  deposits  were  formed.^    •    •     • 

There  seems,  then,  no  escape  from  the  admission  that  neither  physical  geology  nor 
paleontology  possesses  any  method  by  which  the  absolute  synchronism  of  two  strata 
can  be  demonstrated.  All  that  geology  can  prove  is  local  order  of  succession.  It  is 
mathematically  certain  that,  in  any  given  vertical  linear  section  of  an  undisturbed 
aeries  of  sedimentary  deposits,  the  bed  which  lies  lowest  is  the  oldest.  In  any  other 
vertical  linear  section  of  the  same  series,  of  course,  corresponding  beds  will  occur  in  a 
a  similar  order ;  but  however  great  may  be  the  probability,  no  man  can  say  with  abso- 
lute certainty  that  the  beds  in  the  two  sections  were  synchronously  deposited.  For 
areasof  moderate  extent,  it  is  doubtless  true  that  no  practical  evil  is  likely  to  result 
from  assuming  the  corresponding  beds  to  be  synchronous  or  strictly  contemporaneous ; 
and  there  are  multitudes  of  accessory  circumstances  which  may  fully  justify  the 
assumption  of  such  synchrony.  But  the  moment  the  geologist  has  to  deal  with  large 
areas  or  with  completely  separated  deposits,  then  the  mischief  of  confounding  that 
'*  Ilomotaxis"  or  ''similarity  of  arrangement,''  which  can  be  demonstrated,  with 
**  synchrony  "  or  '*  identity  of  date,''  for  which  there  is  not  a  shadow  of  proof,  under 
the  one  common  term  of  "  contemporaneity  "  becomes  incalculable,  and  proves  the 
constant  source  of  gratuitous  speculations.' 


*  Quart  Jonr.  Oeol.  Soc.,  London,  vol.  18,  1802,  p.  xlv. 
*Op.cit.,p.  xlvi. 
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lu  this  connection  the  stndent  should  read  Mr.  J.  E.  Marr's  paper  on 
Homotaxis.^ 

Percentage  of  species. — ^This  method  of  paleontolop^c  correlation  was 
employed  by  Sir  Charles  Lyell.  He  found  a  certain  percentage  of 
species  identical  with  living  forms  in  one  horizon,  the  Eocene ;  a  larger 
l)erceutage  in  the  Miocene,  and  a  still  larger  one  in  the  Pliocene.  He 
then  concluded  the  Eocene  represented  the  oldest  and  the  Pliocene  the 
latest  deposit,  lie  thus  classified  the  formations  and  gave  an  indirect 
method  for  their  correlation  in  different  areas.  It  is  not  capable  of 
application  where  all  the  members  of  a  fauna  are  extinct. 

III.   LITHOIX)OIC  CUARACTKR. 


Lithologic  character  has  very  little  value  in  establishing  correlations, 
when  comparing  formations  outside  of  limited  areas.    The  constitueats 
^f  I  ^^  ^  ^^^^  ^^y  differ  in  their  chemical  and  mechanical  condition  in  a 

J  jl  I  stratum  that  is  proved  by  other  evidences  to  be  coutinnons.     In  some 

instances  lithologic  characters  may  be  of  value,  especially  in  areas 
^1  where  the  stratigraphic  sequence  of  the  beds  is  known  and  paleonto- 

logic  evidence  is  lacking.  Dr.  B.  D.  Irving  used  the  method  success- 
fully among  the  pre-Cambrian  rocks  of  the  Lake  Superior  region,  and 
says  of  it: 


Its  valne  in  tracing  formations  from  point  to  point  can  lianlly  be  overesti mated, 
being  as  groat  as  tbat  of  paleontological  evidence  and,  in  ray  judgment,  of  much  the 
same  nature.     As  wo  trace  formations  and  their  minor  snbdivisions  from  place  to 
place  we  must  of  course  constantly  check  lithological  evidence  by  stratigraphy.    As 
5  we  pass  from  one  extremity  of  the  fieW  to  the  other,  changes  in  lithological  eharao- 

ters  of  course  <!ouie  in,  and  these  changes  might  lead  tu  uuMafe  conchiHions  were  we  to 
compare  strntal  HurcoHsions  too  distantly  removed  from  one  another;  but  when  we 
work  from  point  ti>  point  sucli  changes  are  detected  as  they  gradually  api>ear,  and 
are  provnU^l  for.* 


An  illustration  of  the  value  of  the  method  is  shown  by  the  correhi- 
lions  made  by  the  brothers  KogeiV  in  Virginia  and  Pennsylvania,  where 
j  they  correlated  the  quartzites,  shales,  and  limestones  by  their  litho- 

logic characters  along  an  extent  of  several  hundred  miles.     When, 
J  however,  they  came  to  carry  this  correlation  without  that  area  of  sedi- 

I  mentation,  the  inadecjuacy  of  the  method  is  shown  by  the  fact  they 

i  correlated  the  Lower  Cambrian  quartzite  with  the  Upper  Cambrian 

\  (luartzite  about  the  Adirondacks  of  New  York.     A  still  more  striking 

illustration  of  erroneous  correlation  by  this  method  is  that  made  by 
Prof.  N.  H.  WincbelP  in  correlating,  iis  members  of  one  formation,  the 


•  Vu>v.  Cainlii  i«l^'»«  Phil.  Soc,  vol.  fi,  1887,  i»]).  74-82. 

'  S.ni-mh  A  nil.  Kip.  V.  S.  Geol.  Survey,  1885-  8«,  1888,  pp.  378,  379. 

^  A  HyMt4im  of  claMHtlicution  aud  iionionolatiirc  of  the  Puh^ozoU;  rook.-t  of  the  Unitcil  StAteii,  with  «n 
uccoiint  of  their  diritiiUution,  luoie  pai-ti<;iiIaKy  in  the  Appalachian  mountain  chain.  Am.  Jour.  Sci., 
\ol.47, 1844,  p.  112. 

■*  The  cr^.-^fallini'  rorkn  of  MinnoM<ita.  (.ifncni]  report  of  progress  made  in  the  dtndy  of  their  field 
rejjitidim.  .Statement  of  prohlein.^t  yet  to  bo  wived.  Geol.  and  Nat.  iiitit. Soivey  of  Minu.,  17th  Ann. 
Krp.  for  1^6,  IH8».  p.  i'j. 
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Lower  Oambrian  qaartzite  of  the  western  8loi>es  of  the  Green  Moun- 
tains, the  Upper  Cambrian  Potsdam  sandstone  of  New  York,  the  pre. 
Cambrian  Sioux  quartzites  of  Minnesota,  th  e  pre-Cainbriau  Baraboo 
qnartzite  of  Wisconsin,  and  the  pre-Cambrian  quartzite  of  the  Kewee- 
nawan  series  of  Lake  Superior. 

Lithologic  character  is  often  of  great  value  within  limited  areas  and 
where  the  formation  can  be  practically  traced  from  place  to  place.  As 
this  can  rarely  be  done,  it  is  best  to  seek  other  data  and  to  combine 
with  the  lithologic,  the  stratigraphic  and  paleoutologic  evidence,  if  it  is 
XKissible  to  obtain  any. 

lY.  UNCONFORMITY. 

Of  all  the  data  of  correlation  that  of  unconformity  of  the  formation 
correlated,  with  its  superjacent  or  subjacent  formation,  would  appear  at 
first  sight  to  be  the  most  unreliable.  In  most  instauc'/es  it  is,  but  where 
combined  with  other  data  it  has  a  certain  value.  We  find  it  used  in  the 
earliest  correlations  made  of  the  Potsdam  sandstone  of  Now  York,  with 
the  basal  sandstone  all  along  the  Appalachian  Range  south  through 
New  Jersey,  Pennsylvania,  Maryland,  Virginia,  Tennessee,  Georgia,  and 
Alabama.  It  is  also  used  in  the  correlations  made  between  the  Pots- 
dam sandstone  of  New  York  and  the  sandstone  of  the  south  shore  of 
Lake  Superior,  and  the  fossiliferous  sandstones  of  Wisconsin,  Iowa, 
and  Minnesota,  that  were  correlated  with  the  Potsdam  sandstone  by 
Messrs.  Owen,  Hall,  and  later  observers.  In  fact,  it  is  implied  in 
nearly  all  the  references  of  strata  to  the  Potsdam  horizon  in  other  local- 
ties  than  that  of  the  typical  area  about  the  Adirondack  MouiitaiuH  of 
New  York.  It  was  not,  however,  until  the  appearance  of  Prof.  R.  D.  Irv- 
ing's  essay  on  the  classification  of  the  eiiiiier  Cambrian  and  iire-Cam- 
brian  formations^  that  full  significance  was  given  to  the  value  of  un- 
conformities in  correlation. 

The  problem  is  presented  by  Dr.  Irving  as  follows: 

(1)  To  deterniiiiuu|K»n  tbe  grander  divi8ioiiB(gruiipH)  to  be  mii  de  in  clasHifying  the 
FookH  independently  uf  their  relations  to  the  general  gcoloj^icil  coliiinii ;  (2)  to  ex- 
tend these  diviftions  to  otiier  i>ortioiiH  of  the  fiamo  geological  baHiiin;  and  (3)  to  cor- 
relate these  divisions  with  those  of  ditVereni  and  distant  geological  regions.  This  is 
the  problem  which  presents  itself  in  the  Lake  Superior  region,  at  the  base  of  the 
Gr«and  Caflon  of  the  Colorado,  in  central  Texas,  Newfoundland,  and  in  other  por- 
tions of  North  America. 

In  any  attempt  to  solve  such  a  problem  we  can  make  use  of  one  or  more  of  three 
kinds  of  characteristics  in  the  formations  involved,  viz:  (1)  their  paleontological 
charact43ristics,  (2)  their  lithological  characteristics,  and  (3)  their  mutual  structural 
relations.^ 

Under  the  third  title,  <Hheir  mutual  structural  rehitions, "  he  con- 
siders unconformity  as  a  basis  for  classification  ^discussing  the  general 
nature  and  significance  of  conformities  and  the  distinguishiiig  char- 
acters of  true  uiicontbrmities.     A  description  is  given  of  the  Potsdam- 


«  Seventh  Aun.  Rep.  U.  S.  Geol.<>urv.,  1885-'88, 1888. 
*Up.  oil.,  P-  371.  K)p.  cit.,  p.  390. 
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lIuTOuian  unconformity  on  the  north  shore  of  Lake  Huron,  the  Pot*. 
dam-Keweenaw  unconformity,  the  Laurentian-Huroniau  anoouformi^ 
and  othen*  of  the  Lake  8ui)erior  region.  This  is  followed  by  a  sectioQ 
on  the  use  of  unconformities  in  classiiication.^  In  this  the  use  of  un- 
conformities in  delining  the  grander  groups  of  strata  and  in  correlatin; 
the  formations  of  a  single  geologic  basin  are  discussed.  Under  the 
first,  he  says : 

Returning  to  our  proMem  as  originally  stated,  we  have  next  to  consider  how  Ut 
11  neon  forma  ties  may  be  made  use  of  in  defining  the  grander  groupe  of  strata  in  a 
r«*gion  in  which  the  snccession  of  these  strata  has  been  determined.  Farther  Mijg^ 
nicnt  than  that  a1n«a<Iy  given  in  discussing  the  natnre  and  kinds  of  unconformity  it 
h:inlly  necessary  to  show  that  genuine  nnconformities,  indicative  of  great  lapses  of 
time  between  the  periods  in  which  the  strata  on  either  side  of  the  break  in  eseb 
ciise  were  respectively  made,  are  of  prime  value  and  importance  in  determining  tbe 
Hiiiits  of  the  grander  gfonps  of  the  geological  formations,  whatever  ose  we  may 
make  of  paleontological  and  lithological  characters  in  detemiinini^  aabordlnate 
tli  viHioiis.  Such  structures  as  the  greater  ones  of  the  true  unconformities,  above  cod- 
sidered,  indicate  lapses  of  time  great  enough  to  cover  extended  periods  of  mountain- 
making,  always  a  slow  process,  and  also  great  periods  of  denudation  or  exposnn  to 
the  atmospheric  agencies.  It  is  hardly  possible  for  us  to  compare  each  time  gspt 
with  the  time  necessary  for  the  formation  of  definite  thicknesses  of  strata,  bottfae 
thi<rknesACH  of  strata  corresponding  to  such  breaks  must  surely  always  be  very  great 

If  we  take  for  instance  the  gap  indicated  by  the  relations  of  the  Potsdam  sand- 
stone to  the  ancient  gneissic  fonnation  of  the  northwest,  as  above  illustrated  by  a 
number  (»f  examples,  we  find  that  it  was  long  enough  to  cover  not  merely  one  period 
of  rock  alteraticm,  orographic  movement,  and  land  surface  exposarBy  but  tliree  sach 
periods,  between  which  were  times  longenough  for  the  aocumnlation  of  thicknesses  of 
strata  aggregating  over  60,000  feet,  a  thickness  exceeding  that  of  the  entire  Paleosoie 
seritHi  in  ite  greatest  development  in  the  Appalachian  region.  It  is  true  that  a  portion 
of  tliib  0O,(KH)  feet  is  made  up  of  volcanic  materials,  chiefly  lava  flows.  The  accoma- 
l;ititni  of  Huch  materials  may,  it  is  true,  have  been  more  rapid  than  is  the  case  with 
onlinury  fraginental  de|M>sits  ;  but  the  accumulation  of  such  a  ma^s  of  eruptive 
material  iinist  have  occu)Med  at  least  a  considerable  lapse  of  time ;  while  more  than 
one-lialf  of  the  60,000  feet,  or  an  amount  approximating  the  iiiaxiinum  I*aleozoic  ac- 
(^uniiilationH  in  theA))palachianr«^gion,  is  made  up  of  genuine  detrital  deposits.  When 
we  coiiHider  that  in  addition  to  the  time  necessary  for  the  accumulation  of  this  maw 
of  Hediinent  there  interi'eiKHl  between  the  PotHdam  and  the  gneisses  three  periods  of 
rock  alteration,  mountain-making,  and  complete  mountain  removal,  it  becomes  plaiD 
that  th(^  time  gap  indicated  by  this  unconformity  must  have  exceeded  the  entire  Paleo- 
zoic era.  More  probably,  indeed,  it  equalled  all  later  geological  time.  Each  one  of 
the  three  unconformities  mentioned  must  of  course  have  required  a  shorter  period 
than  this  greater  gap,  but  in  each  case  the  relations  of  the  several  formations  are 
Niich  as  to  indicate  periods  of  time  only  comparable  to  the  periods  necessary  for 
the  accumulation  of  one  of  the  great  geological  groups.* 

The  1180  of  uncoiiforuiities  lu  correlating  the  formations  of  a  single 
geologic  IniHin,  where  t]iecxi>osares  of  the  formations  are  not  continu- 
oiiH,  Ih  illustrated  by  a  tabulation  showing  the  general  snccession  of 
forinatioiis  in  various  districts  from  the  northern  end  of  Lake  Huron  to 
Dakota  and  from  central  Wisconsin  to  the  north  shore  of  Lake  Superior. 
This  table  shows  that  in  various  localities  there  is  a  great  unconformity 

>  Op.  oit.,  p.  138.      •  >  Op.  oit,  pp.  43S,  439. 
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between  the  Laarentian  and  the  Haronian,  between  the  Huronian  and 

the  Eeweenawan,  where  the  two  Bertes  of  rocks  are  present,  and  be- 

tweeu  the  Keweenawan  and  the  Cambrian  if  these  two  occur  in  the  same 
area. 

He  next  takes  np  the  use  of  unconformities  in  establishing  general 

relations.    Under  this  heading  we  quote  as  follows : 

UaviDg  established  the  general  order  of  sncoession  aud  the  grander  groups  of  the 
strata  for  a  given  geological  provinoe,  the  question  which  arises  next  in  order  is  how 
to  correlate  these  divisions  with  those  of  other  geological  provinces,  and  more  partic- 
ularly with  the  established  divisions  of  the  general  geological  column. 

It  will  take  but  little  consideration  of  the  causes  which  have  been  at  work  in  the 
production  of  such  unconformities  as  have  been  above  cited  to  make  ns  realize  that 
such  breaks  as  these  must  be  widespread  in  their  influence.  Great  unconformities, 
in  which  the  strata  below  the  unconformity  have  been  subjected  to  folding,  mark 
periods  of  orographic  movements  which  will,  in  general,  have  been  extensive  some- 
what  in  proportion  to  the  intensity  of  the  folding  process.* 

It  is  well  known,  indeed,  that  some  of  the  greater  physical  breaks  in  the  strata  oi 
one  continent  may  have  their  parallels  among  the  strata  of  another  continent.  The 
interruption  between  the  Paleozoic  and  the  Mesozoic  is  intercontinental,  if  not  world 
wide.  £qually  extensive  is  the  great  break  between  the  Mesozoic  and  the  Cenozoic. 
Each  of  these  physical  breaks  corresponds  to  an  immense  change  in  life  conditions. 
But,  if  we  may  judge  from  structural  relations,  from  the  amount  of  intervening 
denudation,  and  from  the  rank  already  attained  by  the  life  of  the  lowest  of  the  foHsil- 
iferouH  Cambrian  formations,  neither  of  these  great  breaks  corresponds  in  length  oi 
time  interval  to  the  break  between  the  lowest  of  the  distinctly  fossiliforous  forma- 
tions and  the  yonngest  of  those  beneath  it.' 

The  great  structural  breaks  furnish,  at  times  at  least,  a  more  trnst worthy  guide. 
If,  for  iustauce,  we  make  a  comparison  of  the  succession  of  Cambrian  and  pre- 
Cambrian  strata  in  the  Lake  Superior  region  with  the  succession  revealed  in  the 
depths  of  the  Qrand  Cafion  of  the  Colorado,  we  find  some  singular  correspondonceG 
between  the  structural  breaks  of  the  two  successions.  In  each  one  of  these  regions 
the  Potsdam  sandstone  is  strongly  characterized  by  its  well  known  fauna.  In  each 
region  tbe  sandstone  traverses  the  edges  of  a  gently  bowed  but  deeply  denuded 
formation  composed  of  a  great  thickness  of  detrital  and  eruptive  materials.  Below 
these  formations  in  each  region,  and  separated  from  them  in  each  case  by  one  of  the 
strougest  of  unconformities,  is  a  great  quartzitic  series,  while  below  this  seriei 
again  in  the  Lake  Superior  region,  and  separated  from  it  by  still  another  of  the  mosi 
notable  of  unconformities,  is  the  great  Lauren tian  gneissic  series.  That  this  seriee 
also  exists  in  the  base  of  the  Grand  Canon  we  have  good  reason  to  believe. 

Such  a  striking  similarity  in  snccessiou  as  this  certainly  most  strongly  suggests  the 
conclusions  that  the  physical  breaks  of  the  two  regions  were  coincident  in  point  ol 
time  (that  is,  that  the  mountain-making  movement  which  preceded  the  deposition 
of  the  Potsdam  sandstone  of  the  Lake  Superior  country  corresponded  with  that  wliicli 
])recede<l  tlie  Tonto  sandstone  of  the  Grand  Cafion  region)  ;  that  the  mountain-mak- 
ing periods  preceding  the  deposition  of  the  Grand  CaHou  series  of  the  Grand  Canon 
district  and  of  the  Keweenaw  series  of  the  Lake  Superior  region  were  equally  syn. 
chronous;  and,  finally,  that  tbe  Grand  Cafion  series  is,  in  general,  the  equivalent  oi 
tbe  Keweenaw  series,  while  the  pre-Grand  Cafion  rocks  are  the  equivalent  of  the 
Lake  Superior  Huronian. 

Of  course  such  correlations  as  these  should  be  made,  for  the  present  at  least,  some- 
what provisionally;  but,  on  the  other  hand,  they  must  be  taken  as  of  much  greatei 
value  than  correlations  between  distant  formations  established  on  feeble  fossi] 
evidenco.' 

f  Op.  cit,  p.  443.  S0p.dt.,p.4i4.  sOp.cit.,\}.4AJ^ 
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The  qaestioQ  is  asked,  is  the  term  Cambrian  to  stop  at  the  first 
unconformity  below  the  Potsdam  sandstone  t  Is  it  to  extend  to  the 
second  of  those  uncomformities,  or  to  the  third  T  Or  is  it  to  inolndei 
finally,  the  lowest  of  the  formations  of  the  region? 

He  makes  the  following  reply  to  these  questions: 

All  these  nsages  of  the  term  have  been  made.  In  taxononiical  valae  the  term  Cam- 
brian is  designed,  of  course,  to  correspond  to  the  terms  Upper  Silurian,  Liower  Siloriso, 
Devonian,  Carboniferous,  etc.,  which  terms  are  ba^d  primarily  upon  the  general  con- 
tinuity for  each  one  of  the  periods  to  which  they  correspond  of  similar  life  conditioni. 
In  no  case,  however,  has  one  of  these  terms  been  allowed  to  span  any  auob  anoonform- 
able  break  as  the  least  of  those  beneath  the  Potsdam  sandstone  of  the  Lake  Soperior 
region.  Minor  breaks  in  the  sncoession  have  been  included  within  a  single  one  of 
these  geological  groups  because — although  in  every  case  of  a  physical  break,  even  tbe 
smallest,  a  corresponding  break  in  life-succession  is  found — there  have  been  found  on 
both  sides  of  the  break  fully  developed  faunas  of  general  similarity  in  characters; 
but  no  great  break  in  the  succession  such  as  those  with  which  we  are  now  concerned 
lias  ever  yet  been  found  to  be  spanned  by  a  continuity  of  fbrms.  The  conclusioo, 
therefore,  seems  inevitable  that  we  should  not  extend  the  term  Cambrian  over  any 
such  break,  at  least  until  there  shall  have  been  found  closely  corresponding  faiinsft 
on  opposite  sides  of  the  interval.  Were  such  faunas  to  be  discovered  the  greatne« 
of  the  unrecorded  interval  would  st^ll  remain,  and  we  should  have  indicated  only  a 
giugularly  long  continuance  of  similar  life-conditions.  Even  then  the  question  might 
arise  as  t.o  whether  continuity  of  life-conditions  should  outweigh  the  great  lapse  of 
time  indicated  by  the  physical  hiatus.^ 

Finally  Dr.  Irving  states  that 

The  structural  breaks  called  unconformities  are  properly  used  in  classification— 

(1)  To  mark  the  houndar%€9  of  the  rock  groups  of  a  giren  region, 

{2)  To  aid  in  estahlishiug  correlations  between  the  formations  of  different  parts  of  a  sin- 
gle geological  basin. 

('.<)  To  aid  in  the  establishment  of  corrclationn  bettoetn  the  groups  of  regions  distantlif 
removed  from  one  another;  but  caution  is  iieedtnl  iu  attoniptiug  such  correlations  in 
proportion  as  th(^  diHtuiices  between  the  regiouH  compared  grow  great*er. 

Tliey  are  improperly  ignored: 

(1)  When  the  andence  they  offer  as  to  aeparatenesH  is  allowed  to  be  overborne  by  anything 
hut  tlie  most  complete  and  weighty  of  paleoutological  evidence.* 

V.   MISCELI.ANEOUS. 

Homogeny. — A  method  of  correlation  that  hjis  frequently  been  used 
lia8  recently  been  iiauied  by  Mr.  W  J  McGee  "  Homogeny  "  or  correla- 
tion by  coniiuniiity  of  genesis.^    Mr.  McCxee  defines  it  as  follows: 

The  method  of  correlation  devised  to  Hystematixe  the  Htructnre  of  the  Coastal  Plain 
combines  the  d(>Hiniblo  features  of  tbe  ohler  methods,  and  adds  thereto  the  interpre- 
tation of  the  products  of  the  several  physical  processes  operating- upon  the  earth^s 


f  exterior.* 


Tlie  older  methods  mentioned  are  those  of  stratigraphic  continuity, 
lithologic  correlation  or  correlation  by  petrography,  and  palex)ntoIogic 


•Op.cit.p.  416.  3  Am.  .Tour.  Sri,,  3<1  sor.,  voL  40,  1830,  pp.  36-U. 

'Up.  cit,  p.  448.  *0p.  cit.,  p.  38. 
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correlation.  He  considers  that  <'  the  method  involves  a  yet  broader 
conspectos  of  phenomena  and  principles  than  the  paleontologic  method; 
for  in  its  application  it  is  necessary  mentally  to  restore  tlie  varioas 
physical  and  biotic  conditions  of  the  past,  jast  as  paleontology  vivifies 
the  fossils  of  past  ages."    Again :  ^ 

In  difloriminatiDg  the  general  and  local  genetic  conditions  it  is  neceaeary  to  ascer- 
tain the  relations  between  each  formation  and  its  newer  and  older  neighbors,  and  to 
interpret  the  record  of  each  nnconformity  in  terms  of  continent  growth.  By  this 
means  the  different  parts  of  a  formation  may  be  found  to  represent  not  only  general 
oommnnity  of  genesis  bnt  comronnity  of  beginning  and  ending ;  in  short,  entire  com- 
munity of  structural  relation.  Each  part  of  the  formation  then  records  in  similar 
terms  the  same  episode  in  continent  building  and  world  growth. 

So,  when  a  coastal  plain  formation  is  found  to  represent  general  coninninity  of 
genesis  and  structural  relation  in  its  vari<|us  parts  it  is  considered  homoirfnjc,  and 
accepted  as  a  record  of  an  episode  in  geologic  history.  The  part^  may  or  may  not  be 
homotaxial ;  one  part  may  be  slightly  older  than  another  part ;  but  in  a  general  way 
it  18  contemporaneous  thronghoat.  Homogeny  implies  not  only  equivalence  bnt 
synchrony. 

The  principles  of  homogenic  correlation  have  long  been  used  in  the 
correlations  of  formations  by  geologists.  An  illustration  of  tln'A  is  the 
correlations  that  have  been  made  of  the  Potsdam  sandstones  of  New 
York  with  those  of  the  Mississippi  Yalley,  the  eastern  slope  of  the 
Bocky  Mountains,  the  islands  of  Texas  and  Missouri,  and  the  valley  of 
the  St.  Lawrence.  In  these  correlations  to  subjacent  and  superjacent 
formations,  stratigraphic  continuity,  litbologic  or  petrographic  resem- 
blance, and  similarity  of  organic  remains  have  all  been  used. 

Under  the  definition  of  homogeny,  that  is,  correlation  by  community  of 
genesis,  decided  errors  must  necessarily  occur  unless  checked  by  paleon- 
tologic  data.  An  illustration  of  this  is  the  correlation  of  the  Potsdam 
sandstone  of  the  Adirondack  Mountains  of  New  York  with  the  •*  Granu- 
lar Quartz"  of  western  New  England  and  southeastern  Pennsylvania, 
and  the  Chilhowee  sandstone  of  Tennessee.  These  sandstones  are  litho- 
logically  alike,  they  were  accumulated  along  a  coast  line,  their  petro- 
graphic  characters  are  the  same,  and  the  action  of  the  waves  upon  and 
the  distribution  by  tidal  currents  of  the  sediments  originating  from 
similar  crystalline  rocks  all  point  to  a  community  of  origin ;  in  fact, 
they  did  originate  in  the  same  manner.  They  have  been  correlated 
npon  the  characters  mentioned  for  upwards  of  40  yejirs,  but  the  study 
of  the  fossil  remains  shows  they  are  not  equivalent  or  synchronous. 
One  represents  the  basal  beds  of  the  Cambrian  system  and  the  other 
the  Potsdam  sandstone  or  the  closing  deposits  of  Cambrian  time  in  the 
same  area.  I  think  that  after  we  have  fully  proven  to  our  satisfaction 
the  similarity  of  origin  or  the  community  of  genesis  we  must  still  rely 
npon  paleontologic  data  for  the  final  determination  of  geologic  equiva- 
lence. For  the  determination  of  synchrony,  except  in  a  limited  area, 
there  is  little  hope  for  satisfactory  conclusions  by  any  method  yet  de- 
vised. 


<Op.cii..pp.38,30. 
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Topographie  featurea  in  correlation. — Topographic  featares  may  ind 
cate  relative  geologic  age  ia  the  disonasion  of  the  later  formations ;  bi 
in  dealiug  with  the  Lower  Paleozoic  it  has  thus  far  been  foand  to  i 
ini  possible  to  obtain  the  evidence  of  newer  or  older  topographic  featon 
that  are  of  valno.  Mr.  O.  K.  Gilbert  has  nsed  it  anccessfblly  in  diacoa 
ing  the  age  of  the  Equns  fauna  of  Lakes  Uono  and  Lahouton  of  Oal 
foraia  and  Kevada.' 

^D.  8.  UmL  Bainj,  Uonegraph,  *eL  1,  UM,  pp.  m-Ml 
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